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(54)  Aluminum  foil  as  electrolytic  condenser  electrodes. 

(57)  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes  is  composed  of  99.9  %  or  more  of 
aluminum.  The  fil  also  contains  given  amounts  of  one  or  more  auxiliary  elements  selected  from  a  group 
consisting  of  Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  Pb,  In  and  rare-earth  elements,  with  the 
auxiliary  elements  being  contained  either  in  a  boundary  region  disposed  between  a  foil  body  and  an 
oxide  layer  thereon,  or  in  surface  portion  of  the  oxide  layer,  at  a  concentrated  state  such  that  an  ion 
strength  ratio  of  the  concentration  of  the  auxiliary  elements  in  the  region  or  the  portion  to  their 
concentration  in  the  foil  body  is  from  1.2  :  1  to  30  :  1.  Alternatively,  the  foil  may  contain  given  amounts  of 
one  or  more  auxiliary  elements  selected  from  a  group  consisting  of  Fe,  Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr, 
Ni,  Ta,  Zr,  C,  Be,  B,  Mg,  Pb,  In,  Bi  and  rare-earth  elements,  with  the  auxiliary  elements  being  contained 
not  only  in  the  boundary  region  but  also  in  the  surface  portion  at  the  same  concentrated  state  as 
described  above. 
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BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

5  The  invention  relates  to  an  aluminum  foil  which  is  used  as  the  electrodes  in  electrolytic  condensers,  and 
more  particularly,  which  is  used  as  anodes  in  the  middle-  or  high-voltage  electrolytic  condensers. 

2.  Description  of  Prior  Art 

w  Many  research  works  have  been  conducted  in  order  that  the  density  of  the  etching  pits  may  be  increased, 
wherein  the  etching  pits  are  formed  by  electrically  or  electrochemically  etching  the  surfaces  of  the  aluminum 
foils  for  use  as  the  electrolytic  condenser  electrodes  so  as  to  increase  their  effective  surface  area  and  thus 
their  capacitance  per  unit  area.  Among  such  recent  works,  a  study  reported  on  the  Japanese  Patent  Publication 
Sho.  62-42370  has  developed  a  new  technology  in  which  the  foil  surface  layer  is  enriched  with  at  least  one  of 

15  Pb  (lead),  Bi  (bismuth)  and  In  (indium).  This  technology  is  based  on  such  a  knowledge  that  composition  and 
fine  structure  of  the  aluminum  foil  surface  layers  is  a  key  factor  determining  the  etching  pit  density.  In  detail, 
compounds  of  at  least  one  of  Pb,  Bi  and  In  are  applied  to  the  foil  surface  layers,  and  thermal  diffusion  process 
is  carried  out  at  temperatures  above  the  melting  points  of  these  metals,  and  annealing  process  may  subse- 
quently  be  conducted  according  to  the  common  practice,  if  necessary. 

20 
OBJECTS  AND  SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention,  which  resulted  from  the  present  inventors'  research  conducted  along 
the  line  suggested  in  the  recently  developed  technology,  is  therefore  to  provide  an  aluminum  foil  as  the  elec- 

25  trolytic  condenser  electrodes,  which  foil  is  formed  with  its  surface  layer  thus  containing  such  metal  elements 
as  to  maximize  the  effective  surface  area  if  contained  with  the  most  desirable  distribution  and  concentration. 

In  order  to  achieve  the  object,  the  most  suitable  auxiliary  elements  are  selected  to  be  distributed  at  a  speci- 
fically  enriched  concentration  in  the  most  desirable  portion  of  the  aluminum  foil. 

From  a  first  aspect  of  the  invention,  the  object  is  achieved  with  an  aluminum  foil  as  the  electrolytic  con- 
30  denser  electrodes,  which  foil  comprises  99.9  %  by  weight  or  more  of  Al  (aluminum)  as  well  as  predetermined 

contents  of  one  or  more  auxiliary  elements  selected  from  a  group  consisting  of  Cu  (copper),  Si  (silicon),  Zn 
(zinc),  Mn  (manganese),  Ga  (gallium),  P  (phosphorus),  V  (vanadium),  Ti  (titanium),  Cr  (chromium),  Ni  (nickel), 
Ta  (tantalum),  Zr  (zirconium),  C  (carbon),  Be  (beryllium),  Pb  (lead),  In  (indium)  and  rare-earth  (i.e.,  lanthanoid 
series)  elements.  These  auxiliary  elements  are  contained  at  a  specifically  increased  concentration  in  a  bound- 

35  ary  region  disposed  between  the  foil  body  and  an  oxide  layer  formed  thereon,  wherein  an  ion  strength  ratio  of 
the  auxiliary  elements  content  in  the  boundary  region  to  said  content  in  the  foil  body  is  1  .2  :  1  to  30  :  1  . 

From  a  second  aspect  of  the  invention,  the  object  is  achieved  with  an  aluminum  foil  as  the  electrolytic  con- 
denser  electrodes,  which  foil  comprises  99.9  %  by  weight  or  more  of  Al  as  well  as  predetermined  contents  of 
one  or  more  auxiliary  elements  selected  from  a  group  consisting  of  Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr, 

40  C,  Be,  Pb,  In  and  rare-earth  elements.  These  auxiliary  elements  are  contained  at  a  specifically  increased  con- 
centration  in  a  surface  portion  of  an  oxide  layer  formed  on  the  foil  body,  wherein  an  ion  strength  ratio  of  the 
auxiliary  elements  content  in  the  surface  portion  to  said  content  in  the  foil  body  is  1  .2  :  1  to  30  :  1  . 

From  a  third  aspect  of  the  invention,  the  object  is  achieved  with  an  aluminum  foil  as  the  electrolytic  con- 
denser  electrodes,  which  foil  comprises  99.9  %  by  weight  or  more  of  Al  as  well  as  predetermined  contents  of 

45  one  or  more  auxiliary  elements  selected  from  a  group  consisting  of  Fe  (iron),  Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr, 
Ni,  Ta,  Zr,  C,  Be,  B  (boron),  Mg  (magnesium),  Pb,  In,  Bi  (bismuth)  and  rare-earth  elements.  These  auxiliary 
elements  are  contained  at  a  specifically  increased  concentration  not  only  in  a  surface  portion  of  an  oxide  layer 
formed  on  the  foil  body  but  also  in  a  boundary  region  between  the  oxide  layer  and  the  foil  body,  wherein  each 
of  ion  strength  ratios  of  the  auxiliary  elements  content  in  the  surface  portion  and  of  said  content  in  the  boundary 

so  region  to  said  element  content  in  the  foil  body  is  1.2  :  1  to  30  :  1. 
Other  objects,  features  and  advantages  of  the  invention  will  become  clear  from  the  following  description 

which  will  be  made  referring  to  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
55 

Fig.  1  is  a  graph  showing  ion  strength  data  detected  through  a  surface  portion  of  an  aluminum  foil  for  use 
as  the  electrolytic  condenser  electrodes,  which  foil  is  provided  in  a  first  mode  of  the  invention; 
Fig.  2  is  another  graph  showing  ion  strength  data  similarly  detected  through  a  surface  portion  of  a  further 
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aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  which  foil  is  provided  in  a  second  mode  of 
the  invention;  and 
Fig.  3  is  still  another  graph  showing  ion  strength  data  also  detected  through  a  surface  portion  of  a  still  further 
aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  which  foil  is  provided  in  a  third  mode  of  the 

5  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

FIRST  MODE  OF  THE  INVENTION 
10 

In  a  first  mode  of  the  invention,  selected  elements  are  concentrated  in  a  boundary  region  which  is  disposed 
between  an  aluminum  foil  body  and  an  oxide  layer  formed  thereon. 

Aluminum  purity  in  an  entirety  of  a  raw  foil  must  be  99.9  %  by  weight  or  higher,  because  a  lower  purity, 
that  is  a  higher  content  of  impurities,  will  hinder  the  etching  pits  from  growing  uniform  into  deep  tunnel-like  pits, 

15  the  electrolytic  etching  process  thereby  failing  to  enhance  capacitance.  Therefore,  it  is  desired  to  employ  the 
raw  foil  containing  99.98  %  by  weight  or  more  of  aluminum. 

One  or  more  selected  elements  forming  the  etching  nuclei  are  contained,  as  shown  in  Fig.  1  ,  at  a  high  con- 
centration  in  the  boundary  region  between  the  foil  body  and  the  oxide  layer  formed  thereon.  This  state  is  a  key 
factor  to  enhance  the  capacitance  of  aluminum  foil,  because  such  elements  concentrated  in  the  boundary  reg- 

20  ion  will  function  as  the  etching  nuclei  to  produce  a  sufficient  number  of  the  etching  pits,  which  will  grow  deep 
into  fine  tunnels  towards  the  interior  of  foil.  As  a  result,  a  larger  effective  surface  area  will  be  obtained. 

The  concentration  of  the  selected  elements  in  the  boundary  region  and  their  concentration  in  the  foil  body 
should  be  in  the  ion  strength  ratio  1.2  :  1  to  30  :  1.  A  concentration  below  the  lower  limit  will  give  a  so  insufficient 
density  of  the  etching  pits  that  the  effective  surface  area  is  not  increased  to  a  sufficient  degree.  On  the  other 

25  hand,  a  concentration  above  the  higher  limit  will  remarkably  reduce  the  corrosion  resistance  of  the  foil  surface. 
This  will  in  turn  result  in  an  excessively  high  density  of  the  etching  pits,  whereby  the  adjacent  pits  will  merge 
into  huge  pits  such  that  a  substantially  entire  surface  of  the  foil  will  be  dissolved  into  an  etching  bath  and  the 
effective  surface  area  is  decreased  undesirably.  Thus,  a  more  preferable  ion  strength  ratio  is  about  3  :  1  to  25  : 
1.  The  ion  strength  ratio  may  be  measured  with:  Ar+  as  the  primary  ion;  the  beam  diameter  of  500  p  m;  the 

30  acceleration  voltage  of  1  0  kV;  and  electric  current  of  0.3  p  A.  For  example,  the  IMA-S  type  apparatus  made  by 
Hitachi  Co.,  Ltd.  may  be  employed  for  measurement  of  the  ion  strength  ratio. 

The  etching  nuclei-forming  elements,  i.e.,  the  auxiliary  elements  are  selected  from  a  group  consisting  of 
Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  Pb,  In  and  rare-earth  elements.  The  rare-earth  elements 
herein  are  seventeen  elements  which  includes  fifteen  elements  having  the  atomic  numbers  57  -  71  (  that  is, 

35  La,  Ce,  Pr,  Nd,  Pm,  Sm,  Eu,  Gd,  Tb,  Dy,  Ho,  Er,  Im,  Yb,  and  Lu  )  in  addition  to  Y  (yttrium)  and  Sc  (scandium). 
These  elements  in  the  first  mode  of  the  invention  are  equivalent  to  each  other  in  respect  of  their  function  to 
improve  the  surface  area-increasing  effect  of  the  etching  process.  It  is  not  necessary  to  use  any  selected  ele- 
ment  alone  but  two  or  more  elements  may  be  used  together.  As  for  the  rare-earth  elements,  the  so-called  "misch 
metal  (M.M.)",  which  is  produced  by  electrolysis  of  a  mixture  of  chlorides  of  two  or  more  rare-earth  elements, 

40  may  be  employed.  From  a  practical  point  of  view,  one  or  more  of  Y,  La,  Ce,  Pr,  Nd,  Sm  and  misch  metal  may 
preferably  be  used  in  any  combination,  because  they  can  be  procured  more  easily  than  the  others. 

In  case  of  Cu,  Si,  Zn,  Mn  and/or  Ga  being  used,  it  is  desirable  that  these  elements  are  contained  at  a  con- 
centration  of  3  -  60  ppm  in  the  foil's  inner  portion  except  for  an  outermost  layer  having  a  thickness  of  0.1  p  m. 
In  another  case  of  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C  and/or  Be  being  used,  the  concentration  is  desirably  set  at  1  -  40 

45  ppm,  however  this  concentration  being  set  at  0.01  -  3  ppm  in  still  another  case  of  Pb,  In  and/or  any  one  or  more 
of  rare-earth  elements  being  used.  In  any  case,  a  concentration  below  the  lower  limit  will  bring  about  insufficient 
formation  of  the  etching  pits,  while  a  higher  concentration  above  the  upper  limit  causes  an  excessive  etching. 

More  preferable  concentrations  are:  about  10-30  ppm  for  Cu,  Si,  Zn,  Mn  and/or  Ga;  about  5-25  for  P, 
V,  Ti,  Cr,  Ni,  Ta,  Zr,  C  and/or  Be;  and  about  0.2  -  1  .5  ppm  for  Pb,  In  and/or  rare-earth  elements. 

so  In  manufacture  of  such  an  aluminum  foil  that  is  enriched  with  the  etching  nuclei-forming  elements  distri- 
buted  in  the  described  manner,  predetermined  amounts  of  one  or  more  of  the  nuclei-forming  elements  are 
added  to  an  aluminum  ingot  which  is  being  molten  to  be  cast  through  a  die.  Subsequently,  the  cast  raw  sheet 
will  be  hot-rolled,  intermediate-annealed  if  necessary,  and  further  rolled  to  form  a  raw  foil.  This  raw  foil  will  then 
be  subjected  to  the  final  annealing  process  for  example  in  vacuum  at  450  -  550°C  for  1-30  hours,  more  pref- 

55  erably  at  470  -  520°C  for  3  -  10  hours.  Finally,  the  "ion  implantation  process"  is  carried  out  to  incorporate  pre- 
determined  amounts  of  the  elements  described  above  into  the  boundary  region  between  the  foil  body  and  the 
oxide  layer.  The  amounts  of  the  nuclei-forming  elements  which  have  been  added  to  the  ingot  or  implanted  to 
the  foil  are  diffused  selectively  to  the  boundary  region,  so  that  the  specifically  concentrated  state  of  said  ele- 

3 
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merits  takes  place  in  this  region  in  accordance  with  the  invention. 
The  aluminum  foil  provided  in  the  first  mode  for  use  as  the  electrolytic  condenser  electrodes  is  so  excellent 

in  its  etching  property  that  its  effective  surface  area  is  significantly  increased  in  the  etching  process.  If  an  ade- 
quate  pretreatment  is  executed  before  the  etching  process,  then  the  etching  effect  will  be  improved  more 

5  remarkably  without  causing  the  possible  uniform  dissolution  of  its  outermost  surface  layer. 
Thus,  the  etched  aluminum  foil  is  given  a  sufficiently-high  capacitance,  a  good  electrical  property  and  a 

high  mechanical  strength. 

SECOND  MODE  OF  THE  INVENTION 
10 

In  a  second  mode  of  the  invention,  selected  elements  are  concentrated  in  an  outermost  portion  of  an  oxide 
layer  which  is  formed  on  a  foil  body. 

Aluminum  purity  in  an  entire  raw  foil  must  be  99.9  %  by  weight  or  higher,  because  similarly  to  the  first  mode 
a  lower  purity,  that  is  a  higher  content  of  impurities,  will  hinder  the  etching  pits  from  growing  uniform  into  deep 

15  tunnel-like  pits,  the  electrolytic  etching  process  thereby  failing  to  enhance  capacitance.  Therefore,  it  is  desired 
to  employ  the  raw  foil  containing  99.98  %  by  weight  or  more  of  aluminum. 

One  or  more  selected  elements  forming  the  etching  nuclei  are  contained,  as  shown  in  Fig.  2,  at  a  high  con- 
centration  in  the  outermost  portion  of  the  oxide  layer.  This  state  is  a  key  factor,  similarly  to  the  first  mode,  to 
enhance  the  capacitance  of  aluminum  foil,  because  such  elements  concentrated  in  the  outermost  portion  of 

20  oxide  layer  on  the  foil  body  will  behave  as  a  great  number  of  fine  defects.  At  a  beginning  stage  of  the  etching 
process,  an  infinite  number  of  etched  pits  will  originate  from  the  fine  defects  and  successively  grow  deep  into 
fine  tunnels  towards  the  interior  of  foil.  As  a  result,  a  larger  effective  surface  area  will  be  obtained  on  the  foil. 

The  concentration  of  the  selected  elements  in  the  outermost  portion  of  oxide  layer  and  their  concentration 
in  the  foil  body  should  be  in  the  ion  strength  ratio  1.2  :  1  to  30  :  1.  A  concentration  below  the  lower  limit  will 

25  give  a  so  insufficient  density  of  the  etching  pits  that  the  effective  surface  area  is  not  increased  to  a  sufficient 
degree.  On  the  other  hand,  a  concentration  above  the  higher  limit  will  remarkably  reduce  the  corrosion  resist- 
ance  of  the  foil  surface.  This  will  in  turn  result  in  an  excessively  high  density  of  the  etching  pits,  whereby  the 
adjacent  pits  will  merge  into  huge  pits  such  that  a  substantially  entire  surface  of  the  foil  will  be  dissolved  into 
an  etching  bath  and  the  effective  surface  area  is  decreased  undesirably.  Thus,  a  more  preferable  ion  strength 

30  ratio  is  about  3  :  1  to  25  :  1  . 
The  etching  nuclei-forming  elements,  i.e.,  the  auxiliary  elements  are  selected  from  the  same  group  as  in 

the  first  mode,  consisting  of  Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  Pb,  In  and  rare-earth  elements. 
These  elements  in  the  second  mode  of  the  invention  are  equivalent  to  each  other  in  respect  of  their  function 
to  improve  the  surface  area-increasing  effect  of  the  etching  process.  Similarly  to  the  first  mode,  it  is  not  neces- 

35  sary  to  use  any  selected  element  alone  but  two  or  more  elements  may  be  used  together. 
In  case  of  Cu,  Si,  Zn,  Mn  and/or  Ga  being  used,  it  is  desirable  that  these  elements  are  contained  at  a  con- 

centration  of  3  -  60  ppm  in  the  foil's  inner  portion  except  for  an  outermost  layer  having  a  thickness  of  0.1  p  m. 
In  another  case  of  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C  and/or  Be  being  used,  the  concentration  is  desirably  set  at  1  -  40 
ppm,  however  this  concentration  being  set  at  0.01  -  3  ppm  in  still  another  case  of  Pb,  In  and/or  any  one  or  more 

40  of  rare-earth  elements  being  used.  In  any  case,  a  concentration  below  the  lower  limit  will  bring  about  insufficient 
formation  of  the  etching  pits,  while  a  higher  concentration  above  the  upper  limit  causes  an  excessive  etching. 

More  preferable  concentrations  are:  about  10-30  ppm  for  Cu,  Si,  Zn,  Mn  and/or  Ga;  about  5-25  for  P, 
V,  Ti,  Cr,  Ni  ,  Ta,  Zr,  C  and/or  Be;  and  about  0.2  -  1.5  ppm  for  Pb  ,  In  and/or  rare-earth  elements. 

In  manufacture  of  such  an  aluminum  foil  that  is  enriched  with  the  etching  nuclei-forming  elements  distri- 
45  buted  in  the  described  manner,  predetermined  amounts  of  one  or  more  of  the  nuclei-forming  elements  are 

added  to  an  aluminum  ingot  which  is  being  molten  to  be  cast  through  a  die.  Subsequently,  the  cast  raw  sheet 
will  be  hot-rolled,  intermediate-annealed  if  necessary,  and  further  rolled  to  form  a  raw  foil  which  will  be  washed 
thereafter.  This  raw  foil  will  then  be  subjected  to  the  annealing  process  for  example  in  vacuum  at  450  -  550°C 
for  1-30  hours,  more  preferably  at  470  -  520°C  for  3  -  10  hours.  Finally,  the  "sputtering",  "wet  plating"  or  "ion 

so  implantation  process"  is  carried  out  to  apply  predetermined  amounts  of  the  elements  to  the  outer  surface  of 
the  foil.  This  foil  will  be  subjected  to  the  re-heating  process  for  example  in  vacuum  at  300  -  550°C  for  0.2-10 
hours,  more  preferably  at  400  -  500°C  for  1  -  3  hours.  Due  to  the  re-heating,  the  amounts  of  the  nuclei-forming 
elements  which  have  been  added  to  the  ingot  or  applied  to  the  foil  surface  are  selectively  concentrated  in  the 
outermost  portion  of  the  oxide  layer,  so  that  the  specifically  concentrated  state  of  said  elements  takes  place  in 

55  this  portion  in  accordance  with  the  invention. 
The  aluminum  foil  provided  in  the  second  mode  for  use  as  the  electrolytic  condenser  electrodes  is  so  excel- 

lent  in  its  etching  property  that  its  effective  surface  area  is  significantly  increased  in  the  etching  process.  Par- 
ticularly,  in  a  case  wherein  any  pretreatment  is  executed  before  the  etching  process,  the  etching  effect  will  be 

4 
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improved  more  remarkably  without  causing  the  possible  uniform  dissolution  of  its  outermost  surface  layer. 
Thus,  the  etched  aluminum  foil  is  given  a  sufficiently  high  capacitance,  a  good  electrical  property  and  a 

high  mechanical  strength. 

5  THIRD  MODE  OF  THE  INVENTION 

In  a  third  mode  of  the  invention,  selected  elements  are  concentrated  not  only  in  a  boundary  layer  between 
a  foil  body  and  an  oxide  layer,  but  also  in  an  outermost  portion  of  the  oxide  layer. 

Aluminum  purity  in  an  entire  raw  foil  must  be  99.9  %  by  weight  or  higher,  because  similarly  to  the  first  and 
w  second  modes  a  lower  purity,  that  is  a  higher  content  of  impurities,  will  hinder  the  etching  pits  from  growing 

uniform  into  deep  tunnel-like  pits,  the  electrolytic  etching  process  thereby  failing  to  enhance  capacitance. 
Therefore,  it  is  desired  to  employ  the  raw  foil  containing  99.98  %  by  weight  or  more  of  aluminum. 

One  or  more  selected  elements  forming  the  etching  nuclei  are  contained,  as  shown  in  Fig.  3,  at  a  high  con- 
centration  in  the  oxide  layer.  This  state  is  a  key  factor,  similarly  to  the  first  and  second  modes,  to  enhance  the 

15  capacitance  of  aluminum  foil,  because  such  elements  concentrated  in  the  boundary  region  and  the  outermost 
portion  of  oxide  layer  on  the  foil  body  will  behave  as  a  great  number  of  fine  defects.  At  a  beginning  stage  of 
the  etching  process,  an  infinite  number  of  etched  pits  will  originate  from  the  fine  defects  and  successively  grow 
into  fine  tunnels  towards  the  interior  of  foil.  As  the  fine  tunnels  reach  the  boundary  region  between  the  oxide 
layer  and  the  foil  body,  the  concentrated  amounts  of  the  elements  contained  there  will  also  function  as  the  etch- 

20  ing  nuclei  so  that  the  etching  pits  grow  deeper  towards  the  interior  of  the  foil  body.  Consequently,  a  much  larger 
effective  surface  area  will  be  obtained. 

The  concentration  of  the  selected  elements  contained  in  the  boundary  region  and  the  oxide  layer  outermost 
portion  and  their  concentration  in  the  foil  body  should  be  in  the  ion  strength  ratio  1  .2  :  1  to  30  :  1  .  A  concentration 
below  the  lower  limit  will  give  a  so  insufficient  density  of  the  etching  pits  that  the  effective  surface  area  is  not 

25  increased  to  a  sufficient  degree.  On  the  other  hand,  a  concentration  above  the  higher  limit  will  remarkably 
reduce  the  corrosion  resistance  of  the  foil  surface.  This  will  in  turn  result  in  an  excessively  high  density  of  the 
etching  pits,  whereby  the  adjacent  pits  will  merge  into  huge  pits  such  that  a  substantially  entire  surface  of  the 
foil  will  be  dissolved  into  an  etching  bath  and  the  effective  surface  area  is  decreased  undesirably.  Thus,  a  more 
preferable  ion  strength  ratio  is  about  3  :  1  to  25  :  1. 

30  The  etching  nuclei-forming  elements,  i.e.,  the  auxiliary  elements  are  selected  from  a  group  consisting  of 
Fe,  Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  B,  Mg,  Pb,  In,  Bi  and  rare-earth  elements. 

These  elements  in  the  third  mode  of  the  invention  are  equivalent  to  each  other  in  respect  of  their  function 
to  improve  the  surface  area-increasing  effect  of  the  etching  process.  Similarly  to  the  first  and  second  modes, 
it  is  not  necessary  to  use  any  selected  element  alone  but  two  or  more  elements  may  be  used  together. 

35  In  case  of  Fe,  Cu,  Si,  Zn,  Mn  and/or  Ga  being  used,  it  is  desirable  that  these  elements  are  contained  at  a 
concentration  of  3  -  60  ppm  in  the  foil's  inner  portion  except  for  an  outermost  layer  having  a  thickness  of  0.1 
urn.  In  another  case  of  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  B  and/or  Mg  being  used,  the  concentration  is  desirably 
set  at  1  -  40  ppm,  however  this  concentration  being  set  at  0.01  -  3  ppm  in  still  another  case  of  Pb,  In,  Bi  and/or 
any  one  or  more  of  rare-earth  elements  being  used.  In  any  case,  a  concentration  below  the  lower  limit  will  bring 

40  about  insufficient  formation  of  the  etching  pits,  while  a  higher  concentration  above  the  upper  limit  causes  an 
excessive  etching. 

More  preferable  concentrations  are:  about  10-30  ppm  for  Fe,  Cu,  Si,  Zn,  Mn  and/or  Ga;  about  5-25  for 
P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  B  and/or  Mg;  and  about  0.2  -1.5  ppm  for  Pb,  In,  Bi  and/or  rare-earth  elements. 

In  manufacture  of  such  an  aluminum  foil  that  is  enriched  with  the  etching  nuclei-forming  elements  distri- 
45  buted  in  the  described  manner,  predetermined  amounts  of  one  or  more  of  the  nuclei-forming  elements  are 

added  to  an  aluminum  ingot  which  is  being  molten  to  be  cast  through  a  die.  Subsequently,  the  cast  raw  sheet 
will  be  hot-rolled,  intermediate-annealed  if  necessary,  and  further  rolled  to  form  a  raw  foil.  This  raw  foil  will  then 
be  subjected  to  the  annealing  process  for  example  in  vacuum  at  450  -  550°C  for  1-30  hours,  more  preferably 
at  470  -  520°C  for  3  -  1  0  hours.  Thereafter,  the  "ion  implantation  process"  is  executed  to  implant  predetermined 

so  amounts  of  selected  elements  into  the  foil  body  and  the  boundary  region  region  between  it  and  the  oxide  layer, 
before  the  "sputtering"  or  "wet  plating"  is  carried  out  to  apply  predetermined  amounts  of  the  elements  to  the 
outer  surface  of  the  foil.  Finally,  this  foil  will  be  subjected  to  the  final  heating  process  for  example  in  vacuum 
at  200  -  550°C  for  0.2-10  hours,  more  preferably  at  300  -  500°C  for  1  -  3  hours.  Due  to  the  final  heating,  the 
amounts  of  the  nuclei-forming  elements  which  have  been  added  to  the  ingot  or  implanted  to  the  foil  are  selec- 

55  tively  concentrated  in  the  boundary  region,  while  the  amounts  of  said  elements  successively  applied  to  foil  sur- 
face  are  concentrated  in  the  outermost  portion  of  the  oxide  layer,  so  that  the  specifically  concentrated  state  of 
said  elements  takes  place  in  these  region  and  portion  in  accordance  with  the  invention. 

The  aluminum  foil  provided  in  the  third  mode  for  use  as  the  electrolytic  condenser  electrodes  is  so  excellent 
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in  its  etching  property  that  its  effective  surface  area  is  significantly  increased  in  the  etching  process.  Because 
there  are  two  regions  or  portions  where  the  selected  elements  are  concentrated,  the  etching  effect  will  be 
improved  remarkably  without  causing  the  possible  uniform  dissolution  of  its  outermost  surface  layer,  whether 
any  pretreatment  is  or  is  not  executed  before  the  etching  process. 

Thus,  the  etched  aluminum  foil  is  given  a  sufficiently  high  capacitance,  a  good  electrical  property  and  a 
high  mechanical  strength. 

THE  PREFERRED  EMBODIMENTS 

First  Embodiment 

An  aluminum  ingot  having  a  purity  of  99.99  %  and  containing  0.002  %  of  Si  and  0.002  %  of  Fe  was  used 
as  a  raw  material.  One  or  more  elements  were  selected,  as  shown  on  Table  1  ,  from  a  group  consisting  of:  Cu, 
Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  Pb,  In  and  rare-earth  elements.  After  a  predetermined  amount 
of  each  selected  element  was  added  to  the  aluminum  ingot,  the  ingot  for  each  example  was  molten  and  cast 
to  form  a  sheet.  The  sheets  were  then  hot-rolled,  intermediate-annealed,  rolled  into  foils,  washed  and  annealed 
in  vacuumat490°Cfor4  hours.  The  thus  prepared  aluminum  foils  having  a  thickness  of  0.1  mm  were  subjected 
to  the  ion  implantation  process  so  as  to  implant  predetermined  amounts  of  the  selected  elements  described 
above.  The  finished  samples  were  then  subjected  to  the  measurement  of  ion  strength  ratio  of  the  boundary 
region  (between  the  foil  body  and  the  oxide  layer  thereon)  to  the  interior  of  foil  body  (i.e.,  an  inner  portion  0.1 
H  m  or  more  deep  from  the  surface).  Conditions  for  said  measurement,  which  was  done  using  the  IMA-S  type 
apparatus  made  by  Hitachi  Co.,  Ltd.,  were:  Ar+as  the  primary  ion;  beam  diameter  of  500  p  m;  acceleration  volt- 
age  of  1  0  kV;  and  current  of  0.3  p  A.  Results  are  given  on  Table  1  .  Then,  these  raw  foils  were  to  be  etched  as 
before  used  as  the  electrolytic  condenser  electrodes. 

6 
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T a b l e   1 

Examples  &  Selected  Contents  of  Ion  s t r eng th   r a t i o   Capac i t ance  
References  elements  elements  (ppm)  of  "boundary"  to  (  %  ) 

" i n t e r i o r "   of  f o i l  
Examples 

1  Cu  19  , 1 4   109 
2  Si  39  16  104 
3  En  47  27  104 
4  Mn  39  25  103 

•5  Ga  23  13  106 
6  

t  Cu  15  . 1 2   104 

•  and  Si  20  8 . 3  
7  •  P  17  6,2  109 
8  V  23  8.1  107 
9  Cr  11  17  105 

10  Ti  14  6.1  106 
11  Ni  13  7.2  '  108 
12  Ta  15  7.2  106 
13  Zr  12  9.1  105 
14  C  19  8.8  104. 
15.  Be  11  5.8  .  104 
16  P  10  7.2  104 

and  V  15  8 . 8  
17  Pb  0.3  16  105 
18  In  0,7  22  106 
19  X  0.2  8.8  104 
20  La  0.5  13  104 
21  Ce  0.4  19  103 
22  Pr  0.3  8.2  104 

and  M.M.  0.5  5 .5  
Re fe rences  

23  Cu  15  38  98 
24  In  0.7  44  100 
25  Ni  13  48  92 

Notes:  "M.M."  denotes  a  "misch  m e t a l " .  

The  etching  process  was  as  follows.  The  raw  foils  were  dipped  for  2  seconds  in  a  bath  of  1  %  NaOH  at 
i0°C.  Subsequent  to  this  dipping  process,  the  raw  foils  were  subjected  to  a  first  etching  process  at  85°C  for 
SO  seconds  in  an  etching  solution  of  5  %  HCI  and  15  %  H2S04,  with  a  current  density  of  DC  20  A/dm2.  Then, 
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the  foils  were  etched  again  in  a  second  etching  process  which  were  conducted  at  85°C  for  8  minutes  in  another 
etching  solution  of  5%  HCI  and  0.1  %  oxalic  acid  with  a  current  density  of  DC  5  A/dm2. 

The  so-called  "forming  treatment"  of  the  thus  etched  foils  was  carried  out  with  a  voltage  of  380  V. 
Foils'  capacitance  were  measured.  Results  are  given  on  Table  1  .  They  were  represented  in  percentage  taking 
the  value  for  the  reference  No.  24  as  100  %. 

As  will  be  seen  from  Table  1  ,  each  electrode  foil  containing,  in  the  boundary  region  between  the  foil  body 
and  the  oxide  layer  thereon,  one  or  more  etching  nuclei-forming  elements  at  a  concentration  as  defined  in  the 
invention  has  a  capacitance  superior  to  any  reference  which  contains  an  excessive  amount  of  said  element. 

Second  Embodiment 

An  aluminum  ingot  having  a  purity  of  99.99  %  and  containing  0.002  %  of  Si  and  0.002  %  of  Fe  was  used 
as  a  raw  material.  One  or  more  elements  were  selected,  as  shown  on  Table  1  ,  from  a  group  consisting  of:  Cu, 
Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  Pb,  In  and  rare-earth  elements.  After  a  predetermined  amount 
of  each  selected  element  was  added  to  the  aluminum  ingot,  the  ingot  for  each  example  was  molten  and  cast 
to  form  a  sheet.  The  sheets  were  then  hot-rolled,  intermediate-annealed  and  further  rolled  into  raw  aluminum 
foils  having  a  thickness  of  0.1  mm.  These  foils  were  washed  and  annealed  in  vacuum  at  490  °C  for  4  hours, 
subsequently  they  were  subjected  to  the  ion  sputtering  process  so  as  to  apply  predetermined  amounts  of  the 
selected  elements  to  the  foil  surfaces,  and  re-heated  at  400°C  for  1  hour.  The  finished  samples  were  then  sub- 
jected  to  the  measurement  of  ion  strength  ratio  of  the  surface  portion  of  oxide  layer  to  the  interior  of  foil  body 
(i.e.,  an  inner  portion  0.1  n  m  or  more  deep  from  the  surface).  Conditions  for  said  measurement,  which  was 
done  using  the  IMA-S  type  apparatus  made  by  Hitachi  Co.,  Ltd.,  were:  Ar+  as  the  primary  ion;  beam  diameter 
of  500  p  m;  acceleration  voltage  of  1  0  kV;  and  current  of  0.3  p  A.  Results  are  given  on  Table  2.  These  raw  foils 
were  to  be  etched  before  used  as  the  electrolytic  condenser  electrodes. 

The  etching  process  was  as  follows.  The  raw  foils  were  subjected  to  a  first  etching  process  at  85°C  for  60 
seconds  in  an  etching  solution  of  5  %  HCI  and  15  %  H2S04,  with  a  current  density  of  DC  20  A/dm2. 
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Table  2 

Examples  &  Selected  Contents  of  Ion  strength  ratio  Capacitance 
10  References  elements  elements  (ppm)  of  "oxide  layer"*  to  (  %  ) 

"interior"  of  fo i l  

Examples 
31  Cu  22  12  106 

15  32  Si  . 3 9   14  103 

33  Zn  48  29  102 

34  Mn  41  21  101 

35  Ga  24  23  104 

20  36  Cu  25  13  103 

and  Si  30  12 

37  P  14  18  105 

38  V  22  2̂2  103 

25  39'  Cr  13  4,2  '  102 

40  Ti  14  3.7  106 

41  Ni  .  11  8.4  107  ' 

42  Ta  15  7.2  105 

30  43  Zr  21  8.3  104 

44  c  19  9-9  103 

45  Be  13  11.5  103 

46  P  12  7.2  105 

35  and  V  15  5.8 

47  Pb  0.3  16  104 

48  in  0.7  4.4  107 

49  y  0,4  15  106 

50  la  0.5  13  102 

51  Ce  0.6  8.8  104 

52  Pr  0.3  5.3  105 

and  M.M.  0.5  8.1 

References 
45 

53  Cu  18  36  100 
54  In  25  48  93 

;  55  Ni  20  38  96 

Notes:  "M.M."  denotes  a  misch  metal,  and  *  denotes  the  outermost  portic 
50 

55 

a 



EP  0  490  574  A1 

Then,  the  foils  were  etched  again  in  a  second  etching  process  which  were  conducted  at  85°C  for  8  minutes  in 
another  etching  solution  of  5  %  HCI  and  0.1  %  oxalic  acid  with  a  current  density  of  DC  5  A/dm2. 

The  so-called  "forming  treatment"  of  the  thus  etched  foils  was  carried  out  with  a  voltage  of  380  V. 
Foils'  capacitance  were  measured.  Results  are  given  on  Table  2.  They  were  represented  in  percentage  taking 

5  the  value  for  the  reference  No.  53  as  100  %. 
As  will  be  seen  from  Table  2,  each  electrode  foil  containing,  in  the  surface  portion  of  the  oxide  layer  on  the 

foil  body,  one  or  more  etching  nuclei-forming  elements  at  a  concentration  as  defined  in  the  invention  has  a 
capacitance  superior  to  any  reference  which  contains  an  excessive  amount  of  said  element. 

w  Third  embodiment 

An  aluminum  ingot  having  a  purity  of  99.99  %  and  containing  0.002  %  of  Si  and  0.002  %  of  Fe  was  used 
as  a  raw  material.  One  or  more  elements  were  selected,  as  shown  on  Table  3,  from  a  group  consisting  of:  Fe, 
Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  B,  Mg,  Pb,  In,  Bi  and  rare-earth  elements.  Aftera  predetermined 

15  amount  of  each  selected  element  was  added  to  the  aluminum  ingot,  the  ingot  for  each  example  was  molten 
and  cast  to  form  a  sheet.  The  sheets  were  then  hot-rolled,  intermediate-annealed,  rolled  into  raw  aluminum 
foils  0.1  mm  thick.  These  raw  foils  were  annealed  for  example  in  vacuum  at  490  °Cfor4  hours.  The  thus  prep- 
ared  aluminum  foils  were  subjected  to  the  ion  implantation  process  so  as  to  implant  a  predetermined  amount 
of  the  selected  elements  into  the  boundary  region  between  the  oxide  layer  and  the  foil  body  of  each  foil.  Further, 

20  another  predetermined  amount  was  applied  to  each  foil  surface  by  the  ion  ion  sputtering  method.  These  foils, 
which  were  re-heated  thereafter  in  vacuum  at  400°C  for  1  hour.  These  samples  were  then  subjected  to  the 
measurement  of  ion  strength  ratio  of  the  boundary  region  (between  the  foil  body  and  the  oxide  layer  thereon), 
as  well  as  ion  strength  ratio  of  surface  portion  of  oxide  layer,  to  the  interior  of  foil  body  (i.e.,  an  inner  portion 
0.1  urn  or  more  deep  from  the  surface).  Conditions  for  said  measurement,  which  was  done  using  the  IMA-S 

25  type  apparatus  made  by  Hitachi  Co.,  Ltd.,  were:  Ar+  as  the  primary  ion;  beam  diameter  of  500  urn;  acceleration 
voltage  of  10  kV;  and  current  of  0.3  p  A.  Results  are  given  on  Table  3.  These  foils  were  to  be  etched  before 
used  as  the  electrolytic  condenser  electrodes. 

The  etching  process  was  as  follows.  The  aluminum  foils  were  subjected  to  a  first  etching  process  at  85°C 
for  60  seconds  in  an  etching  solution  of  5  %  HCI  and  15  %  H2S04,  with  a  current  density  of  DC  20  A/dm2. 

30 
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45 

50 
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Tab le   3 

s ™ ^ ^   *.  s»i  *r*eA  Onmfcenfcs  of  Ion  s t rength   r a t io   Capaci tance 

teferences  elements  elements  (ppm)  *A/*C  *B/*C  (_%J 

examples 
61  Fe  15  16  17  106 
62  CU  20  13  15  107 
63  Si  39  15  ■  16  103 
64  2n  48  27  24  102 
65  Mn  40  21  27  102 

66  Ga  23  23  14  105 
67  Si  10  5.5  4.1  104 

and  Mn  30  6.2  7 .2  
68  P  16  19  6.4  104 
69.  V  24  21  8.7  105 
70  Cr  12  3.6  19  102 

71  Ti  15  .  2.8  6.4  105 
72  Ni  12  8.6  7.7  109 
73  Ta  15  6.5  6.8  107 
74  zr  10  7.2  7.8  106 
75  c  24  11  9.5  104 

-  H  '  Be  15  13  11.5  104 
77  .  B  15  18  19  103 
78  Mg  20  23  25  107 
79  p  12  6.7  6.5  106 

and  V  15  4.1  3.7 
80  Pb  '  0.3  16  19  108 

81  In  0.3  11  9-8  103 
82  Bi  0.5  27  25  102 
83  Y  0.5  21  13  106 
84  La  0.4  15  16  104 
85  Ce  0.3  15  13  104 
86  Pr  0.3  5.1  5,8  103 

and  M.M.  0.5  4.6  4 .6  

References  
87  Cu  20  38  19  100 
88  V  25  51  27  91 
89  In  0.7  29  46  94 

Notes:  M.M.  denotes  a  misch  me ta l .  

*A/*C  denotes  an  ion  s t rength  ra t io   of  the  surface  p o r t i o n  

of  oxide  layer  to  the  i n t e r i o r   of  fo i l   body. 

*S/*C  denotes  an  ion  s t rength  r a t io   of  the  boundary  r eg ion  

(  between  oxide  layer  and  fo i l   body  )  to  the  i n t e r i o r  

of  foi l   body. 

Then,  the  foils  were  etched  again  in  a  second  etching  process  which  were  conducted  at  85°C  for  8  minutes  in 
another  etching  solution  of  5  %  HCI  and  0.1  %  oxalic  acid  with  a  current  density  of  DC  5  A/dm2. 

The  so-called  "forming  treatment"  of  the  thus  etched  foils  was  carried  out  with  a  voltage  of  380  V. 
Foils'  capacitance  were  measured.  Results  are  given  on  Table  3.  They  were  represented  in  percentage  of  the 
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value  for  the  reference  No.  87  as  100  %. 
As  will  be  seen  from  Table  3,  each  electrode  foil  containing,  not  only  in  the  boundary  region  between  the 

foil  body  and  the  oxide  layer  thereon  but  also  in  the  surface  portion  of  oxide  layer,  one  or  more  etching  nuclei- 
forming  elements  at  a  concentration  as  defined  in  the  invention  has  a  capacitance  superior  to  any  reference 

5  which  contains  an  excessive  amount  of  said  element. 

Claims 

w  1.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 
99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 
a  group  consisting  of  Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  Pb,  In  and  rare-earth  elements, 
with  the  auxiliary  elements  being  contained  in  a  boundary  region  disposed  between  a  foil  body  and  an 
oxide  layer  thereon  at  a  concentrated  state  such  that  an  ion  strength  ratio  of  the  concentration  of  the 

15  auxiliary  elements  in  the  boundary  region  to  their  concentration  in  the  foil  body  is  from  1  .2  :  1  to  30  :  1  . 

2.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 
99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 
a  group  consisting  of  Cu,  Si,  Zn,  Mn  and  Ga,  with  the  auxiliary  elements  being  contained  in  a  boundary 

20  region  disposed  between  a  foil  body  and  an  oxide  layer  thereon  at  a  concentrated  state  such  that  an  ion 
strength  ratio  of  the  concentration  of  the  auxiliary  elements  in  the  boundary  region  to  their  concentration 
in  the  foil  body  is  from  1.2  :  1  to  30  :  1,  wherein  3-60  ppm  of  the  selected  elements  are  contained  in  the 
interior  of  the  foil  body,  exclusive  of  a  surface  layer  of  0.1  urn  in  thickness. 

25  3.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 
99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 
a  group  consisting  of  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C  and  Be,  with  the  auxiliary  elements  being  contained  in  a 
boundary  region  disposed  between  a  foil  body  and  an  oxide  layer  thereon  at  a  concentrated  state  such 
that  an  ion  strength  ratio  of  the  concentration  of  the  auxiliary  elements  in  the  boundary  region  to  their  con- 

30  centration  in  the  foil  body  is  from  1  .2  :  1  to  30  :  1  ,  wherein  1-40  ppm  of  the  selected  elements  are  contained 
in  the  interior  of  the  foil  body,  exclusive  of  a  surface  layer  of  0.1  urn  in  thickness. 

4.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 
99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 

35  a  group  consisting  of  Pb,  In  and  rare-earth  elements,  with  the  auxiliary  elements  being  contained  in  a 
boundary  region  disposed  between  a  foil  body  and  an  oxide  layer  thereon  at  a  concentrated  state  such 
that  an  ion  strength  ratio  of  the  concentration  of  the  auxiliary  elements  in  the  boundary  region  to  their  con- 
centration  in  the  foil  body  is  from  1.2  :  1  to  30  :  1  ,  wherein  0.01  -  3  ppm  of  the  selected  elements  are  con- 
tained  in  the  interior  of  the  foil  body,  exclusive  of  a  surface  layer  of  0.1  urn  in  thickness. 

40 
5.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 

99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 
a  group  consisting  of  Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  Pb,  In  and  rare-earth  elements, 
with  the  auxiliary  elements  being  contained  in  a  surface  portion  of  an  oxide  layer  formed  on  a  foil  body  at 

45  a  concentrated  state  such  that  an  ion  strength  ratio  of  the  concentration  of  the  auxiliary  elements  in  the 
surface  portion  to  their  concentration  in  the  foil  body  is  from  1.2  :  1  to  30  :  1. 

6.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 
99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 

so  a  group  consisting  of  Cu,  Si,  Zn,  Mn  and  Ga,  with  the  auxiliary  elements  being  contained  in  a  surface  por- 
tion  of  an  oxide  layer  formed  on  a  foil  body  at  a  concentrated  state  such  that  an  ion  strength  ratio  of  the 
concentration  of  the  auxiliary  elements  in  the  surface  portion  to  their  concentration  in  the  foil  body  is  from 
1  .2  :  1  to  30  :  1  ,  wherein  3  -  60  ppm  of  the  selected  elements  are  contained  in  the  interior  of  the  foil  body, 
exclusive  of  a  surface  layer  of  0.1  urn  in  thickness. 

55 
7.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 

99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 
a  group  consisting  of  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C  and  Be,  with  the  auxiliary  elements  being  contained  in  a 

12 
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surface  portion  of  an  oxide  layer  formed  on  a  foil  body  at  a  concentrated  state  such  that  an  ion  strength 
ratio  of  the  concentration  of  the  auxiliary  elements  in  the  surface  portion  to  their  concentration  in  the  foil 
body  is  from  1  .2  :  1  to  30  :  1  ,  wherein  1-40  ppm  of  the  selected  elements  are  contained  in  the  interior  of 
the  foil  body,  exclusive  of  a  surface  layer  of  0.1  urn  in  thickness. 

5 
8.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 

99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 
a  group  consisting  of  Pb,  In  and  rare-earth  elements,  with  the  auxiliary  elements  being  contained  in  a  sur- 
face  portion  of  an  oxide  layer  formed  on  a  foil  body  at  a  concentrated  state  such  that  an  ion  strength  ratio 

w  of  the  concentration  of  the  auxiliary  elements  in  the  surface  portion  to  their  concentration  in  the  foil  body 
is  from  1.2  :  1  to  30  :  1,  wherein  0.01  -  3  ppm  of  the  selected  elements  are  contained  in  the  interior  of  the 
foil  body,  exclusive  of  a  surface  layer  of  0.1  urn  in  thickness. 

9.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 
15  99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 

a  groug  consisting  of  Fe,  Cu,  Si,  Zn,  Mn,  Ga,  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  B,  Mg,  Pb,  In,  Bi  and  rare-earth 
elements,  with  the  auxiliary  elements  being  contained  not  only  in  a  boundary  region  disposed  between  a 
foil  body  and  an  oxide  layer  thereon  but  also  in  a  surface  portion  of  the  oxide  layer  at  a  concentrated  state 
such  that  an  ion  strength  ratio  of  the  concentration  of  the  auxiliary  elements  both  in  the  region  arid  the 

20  portion  to  their  concentration  in  the  foil  body  is  from  1  .2  :  1  to  30  :  1  . 

10.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 
99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 
a  group  consisting  of  Fe,  Cu,  Si,  Zn,  Mn  and  Ga,  with  the  auxiliary  elements  being  contained  not  only  in 

25  a  boundary  region  disposed  between  a  foil  body  and  an  oxide  layer  thereon  but  also  in  a  surface  portion 
of  the  oxide  layer  at  a  concentrated  state  such  that  an  ion  strength  ratio  of  the  concentration  of  the  auxiliary 
elements  both  in  the  region  and  the  portion  to  their  concentration  in  the  foil  body  is  from  1.2  :  1  to  30  :  1, 
wherein  3-60  ppm  of  the  selected  elements  are  contained  in  the  interior  of  the  foil  body,  exclusive  of  a 
surface  layer  of  0.1  urn  in  thickness. 

30 
11.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 

99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 
a  group  consisting  of  P,  V,  Ti,  Cr,  Ni,  Ta,  Zr,  C,  Be,  B  and  Mg,  with  the  auxiliary  elements  being  contained 
not  only  in  a  boundary  region  disposed  between  a  foil  body  and  an  oxide  layer  thereon  but  also  in  a  surface 

35  portion  of  the  oxide  layer  at  a  concentrated  state  such  that  an  ion  strength  ratio  of  the  concentration  of 
the  auxiliary  elements  both  in  the  region  and  the  portion  to  their  concentration  in  the  foil  body  is  from  1  .2  : 
1  to  30  :  1  ,  wherein  1  -  40  ppm  of  the  selected  elements  are  contained  in  the  interior  of  the  foil  body,  exc- 
lusive  of  a  surface  layer  of  0.1  urn  in  thickness. 

40  12.  An  aluminum  foil  for  use  as  the  electrolytic  condenser  electrodes,  the  aluminum  foil  being  composed  of 
99.9  %  or  more  of  aluminum  and  predetermined  amounts  of  one  or  more  auxiliary  elements  selected  from 
a  group  consisting  of  Pb,  In,  Bi  and  rare-earth  elements,  with  the  auxiliary  elements  being  contained  not 
only  in  a  boundary  region  disposed  be-  tween  a  foil  body  and  an  oxide  layer  thereon  but  also  in  a  surface 
portion  of  the  oxide  layer  at  a  concentrated  state  such  that  an  ion  strength  ratio  of  the  concentration  of 

45  the  auxiliary  elements  both  in  the  region  and  the  portion  to  their  concentration  in  the  foil  body  is  from  1  .2  : 
1  to  30  :  1  ,  wherein  0.01  -  3  ppm  of  the  selected  elements  are  contained  in  the  interior  of  the  foil  body, 
exclusive  of  a  surface  layer  of  0.1  urn  in  thickness. 
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