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Cathode  foil  for  electrolytic  capacitors. 

Improved  cathode  foil  of  an  Al-Mn  alloy  for  electro- 
lytical  capacitors  with  which  a  higher  capacitance  value 
and,  in  accordance  with  a  further  elaboration,  a  higher  im- 
pact  strength  of  the  foil  is  obtained.  To  this  end  the  foil 
has  next  to  0.2-2  weight  %  of  Mn  a  Cu-content  between 
0.15  and  5.3%  and  preferably  a  Ti-content  between  0.03 
and  0.5%. 



The  i n v e n t i o n   r e l a t e s   to  a l u m i n i u m   f o i l   f o r  

e l e c t r o l y t i c   c a p a c i t o r s   and   to  c a t h o d e   f o i l   i n  

p a r t i c u l a r   and  to  e l e c t r o l y t i c   c a p a c i t o r   m a n u f a c t u r e d  

w i t h   t h i s   f o i l .  

An  e l e c t r o l y t i c   a l u m i n i u m   f o i l   c a p a c i t o r  

c o n s i s t s   of  an  a n o d e   f o i l   of  a l u m i n i u m   p r o v i d e d   w i t h  

a  d i e l e c t r i c  a l u m i n i u m   o x i d e   s k i n   o b t a i n e d   by  a n o d i c  

o x i d a t i o n   and  an  e t c h e d   c a t h o d e   f o i l   of  a l u m i n i u m   w h i c h  

a r e   r o l l e d   t o g e t h e r   w i t h   a  s o - c a l l e d   s e p a r a t o r   of   a n  

i n s u l a t i n g   m a t e r i a l   to  f o r m   a  wound   b o d y .   The  wound   b o d y  

is   i m p r e g n a t e d   w i t h   an  e l e c t r o l y t e   l i q u i d   and  e n c a p s u l a t e d .  

I t   i s   i m p o r t a n t   t h a t   t h e   d e s i r e d   c a p a c i t a n c e  

is   c o n c e n t r a t e d   on  as  s m a l l   a  s u r f a c e   a r e a   as  p o s s i b l e ,  

w h i c h   m e a n s   t h a t   t h e   m e t a l   s u r f a c e   a r e a   to  be  o x i d i z e d  

( f o r m i n g )   m u s t   be  as  l a r g e   as  p o s s i b l e .   To  t h i s   end  t h e  

s u r f a c e   of  t h e   a l u m i n i u m   f o i l   o b t a i n e d   by  r o l l i n g   i s  

s u b j e c t e d   to  an  e t c h i n g   o p e r a t i o n .   E t c h i n g   i s   u s u a l l y  

p e r f o r m e d   e l e c t r o l y t i c a l l y .   To  o b t a i n   a  h i g h   c a p a c i t a n c e  

p e r   u n i t   of  s u r f a c e   a r e a   i t   i s   i m p o r t a n t   t h a t   t h e  

s u r f a c e   a r e a   of  t h e   c a t h o d e   f o i l ,   w h i c h   i s   e n c a p s u l a t e d  

in  n o r m a l   c a p a c i t o r s   in  a  n o n - f o r m e d   s t a t e ,   i s   a l s o  

e n l a r g e d   and  t h a t   in  t he   o r d e r   of  m a g n i t u d e   of  t h e  

a n o d e   f o i l .  

A l u m i n i u m   of  a  v e r y   h i g h   p u r i t y ,   n a m e l y  

A1  9 9 . 9 9 %   is   u s u a l l y   u s e d   f o r   t h e   a n o d e   f o i l .  



A c c o r d i n g   to  US  S p e c i f i c a t i o n   3 , 8 9 9 , 7 2 3  

c a t h o d e   f o i l   c o n s i s t i n g   of   an  a l u m i n i u m - m a n g a n e s e   a l l o y  

h a v i n g   a  m a n g a n e s e   c o n t e n t   of   0 . 2   to  2  w e i g h t  %   is   u s e d  

in   an  a d v a n t a g e o u s   m a n n e r .   B e s i d e s   t h e   f a c t   t h a t   t h i s  

f o i l   h a s   a  h i g h   c a p a c i t a n c e   v a l u e   a f t e r   e t c h i n g ,   so  t h a t  

a f t e r   a s s e m b l y   w i t h   a  f o r m e d   a n o d e   f o i l   i t   f u r n i s h e s   a  

c a p a c i t o r   h a v i n g   a  h i g h   CV  v a l u e ,   i t   h a s ,   p r i o r   t o  

e t c h i n g ,   a  h i g h   i m p a c t   s t r e n g t h   and  so  t h e   f o i l   s u f f e r s  

l e s s   d a m a g e   when  h a n d l e d   p r i o r   t o ,   d u r i n g   and   a f t e r   t h e  

e t c h i n g   o p e r a t i o n   c o m p a r e d   to  f o i l   to  w h i c h   no  m a n g a n e s e  
i s   a d d e d .   The  s p e c i f i c a t i o n   of  t h i s   t y p e   of   a l l o y   h a v i n g  

0 . 9 - 1 . 4 %   Mn  in  a c c o r d a n c e   w i t h   t h e   DIN  s t a n d a r d   1 7 2 5 ,  

p a g e   1,  s t i p u l a t e s   t h e   f o l l o w i n g   maximum  v a l u e s   f o r  

c o n t a m i n a t i o n s :  

H o w e v e r ,   t h e   e f f e c t s   a i m e d   a t   d i d   n o t   a p p e a r  

to  be  q u i t e   o p t i m a l   and  i t   was  t h e r e f o r e   an  o b j e c t   o f  

t h e   i n v e n t i o n   to  o b t a i n   a  f u r t h e r   i n c r e a s e   in   t h e  

c a p a c i t a n c e   v a l u e   and   a  s t i l l   h i g h e r   i m p a c t   s t r e n g t h  

of   t h e   f o i l   a f t e r   e t c h i n g .  

The  c a t h o d e   f o i l   a c c o r d i n g   to  t h e   i n v e n t i o n  

i s   t h e r e f o r e   c h a r a c t e r i z e d   in   t h a t   i t   h a s   n e x t   to  a  

m a n g a n e s e   c o n t e n t   of  b e t w e e n   0 . 2   and   2  w e u g h t  %  

a  c o p p e r   c o n t e n t   of  b e t w e e n   0 . 1 5   and   5 . 3   w e i g h t   %. 

In   a c c o r d a n c e   w i t h   a  f u r t h e r   e l a b o r a t i o n  

of   t h e   i n v e n t i o n   an  i n c r e a s e   in   t h e   i m p a c t   s t r e n g t h  

in  p a r t i c u l a r   i s   o b t a i n e d   i f   f u r t h e r m o r e   t h e   t i t a n i u m  

c o n t e n t   of   t h e   c a t h o d e   f o i l   i s   b e t w e e n   0 . 0 3   and   0 . 5  

w e i g h t   %. 

P r e f e r a b l y   t h e   Mn  i s   b e t w e e n   0 . 5   a n d  

1 .5   %,  Cu  b e t w e e n   0 . 1 5   and   0 . 5   and  Ti  b e t w e e n   0 . 0 5  

and   0 . 2 5   w e i g h t   %. 

C o m p a r e d   to  t h e   f o i l   in   a c c o r d a n c e   w i t h  

t h e   a b o v e - m e n t i o n e d   US  P a t e n t   S p e c i f i c a t i o n   3 , 8 9 9 , 7 2 3  

t h e   f o i l   a c c o r d i n g   to  t h e   i n v e n t i o n   h a s   a  20  to  30  % 

h i g h e r   c a p a c i t a n c e   a f t e r   e t c h i n g   w i t h   a  g i v e n   n u m b e r   o f  



C o u l o m b s / c m   a n d ,   f u r t h e r m o r e ,   an  i m p a c t   s t r e n g t h   a f t e r  

e t c h i n g   w i t h   a  g i v e n   n u m b e r   of   C o u l o m b s / c m 2   w h i c h   i s  

a p p r o x i m a t e l y   a  f a c t o r   of   2  h i g h e r .  

The  l a t t e r   f a c t   e n a b l e s   an  i n c r e a s e d  

t h r o u g h - e t c h i n g   of  t h e   f o i l   so  t h a t   an  a d d i t i o n a l  

i n c r e a s e   of  t h e   c a p a c i t a n c e   i s   p o s s i b l e ,   or  t h e  

c h o i c e   of   a  t h i n n e r   f o i l   as  a  s t a r t i n g   m a t e r i a l .  

E x a m p l e   I .  

By  way  of  n o n - l i m i t a t i v e   e x a m p l e   t h e r e  

now  f o l l o w s   a  c o m p a r i s o n   b e t w e e n   f o i l   in   a c c o r d a n c e  

w i t h   t h e   a b o v e - m e n t i o n e d   DIN  s p e c i f i c a t i o n   (1 )   and   f o i l  

a c c o r d i n g   to  t h e   i n v e n t i o n   ( 2 ) . T h e   r e l e v a n t   c o m p o s i t i o n s  

i n  %   by  w e i g h t   a r e :  

o t h e r   c o n t a m i n a n t s   e a c h   ≤  0 . 0 5  

t o g e t h e r   ≤ 0 . 1 5  
Al  r e m a i n d e r   Al  r e m a i n d e r  

B o t h   f o i l s ,   h a v i n g   a  t h i c k n e s s   of   6 0 / u m  
w e r e   e l e c t r o l y t i c a l l y   e t c h e d   in   an  a q u e o u s   s o l u t i o n  

of  250  g / l   NaCl  a t   d i f f e r e n t   n u m b e r s   of  C o u l o m b s / c m 2 .  

The  c a p a c i t a n c e   v a l u e s   w e r e   m e a s u r e d  

in  a  l i q u i d   c o n s i s t i n g   of   a  5%  s o l u t i o n   of  a m m o n i u m -  

p e n t a b o r a t e   in   w a t e r   ( r e s i s t i v i t y   1 0 0 Ω . c m )   v e r s u s  

a  s i l v e r - p l a t e d   c o u n t e r   e l e c t r o d e .   The  i m p a c t   s t r e n g t h  

a f t e r   e t c h i n g   was  d e t e r m i n e d .  

In  F i g u r e   1  of   t h e   a c c o m p a n y i n g   d r a w i n g  

t h e   c a p a c i t a n c e   m e a s u r e d   (C  in   / u F / c m  )   and   t h e  

i m p a c t   s t r e n g t h   δ  m e a s u r e d   ( i n   m J / 1 5   mm  f o i l   w i d t h )  

of  t he   two  f o i l s   (1)   and   (2)   a r e   p l o t t e d   v e r s u s   t h e  

n u m b e r   of   e t c h i n g   C o u l o m b s   Q  p e r   c m 2 .  

The  p r o n o u n c e d   i m p r o v e m e n t   a c h i e v e d   b y  



t h e   m e a s u r e   a c c o r d i n g   to  t h e   i n v e n t i o n ,   p a r t i c u l a r l y  

in  t h e   p r a c t i c a l l y   s u i t a b l e   r a n g e   of   e t c h i n g   c h a r g e s  

b e t w e e n   10  and  50  C o u l o m b s / c m 2  i s   v e r y   s p e c t a c u l a r .  

When  u s i n g   t h e   c a t h o d e   f o i l   a c c o r d i n g   to  t h e   i n v e n t i o n  

t o g e t h e r   w i t h   a n o d e   f o i l ,   a  s p a c e r   and  an  e l e c t r o l y t e  

s o l u t i o n   in   a  c o m p l e t e   e l e c t r o l y t i c a l   c a p a c i t o r   t h e  

c a p a c i t a n c e   v a l u e   p e r   v o l u m e   w i l l   be  f o u n d   to  b e  

c o r r e s p o n d i n g l y   h i g h e r .  

E x a m p l e   2 .  

F o i l s   w e r e   p r o d u c e d   w h i c h ,   s t a r t i n g   f r o m  

A 1 - 9 9 . 9 9 % ,   c o n t a i n e d   1%  Mn  and  i n c r e a s i n g   q u a n t i t i e s  

of   Cu  f r o m   0  to  0 . 4 % .   E t c h i n g   and  c a p a c i t a n c e   m e a s u r e m e n t  

w e r e   p e r f o r m e d   as  d e s c r i b e d   in   e x a m p l e   1.  F i g u r e   2  s h o w s  

t h e   v a l u e s   of   t h e   c a p a c i t a n c e   (C  in   / u F / c m  )   v e r s u s  

t he   C u - c o n t e n t   ( i n   w e i g h t   % ) .  



1.  A  c a t h o d e   f o i l   of  a l u m i n i u m   f o r   e l e c t r o -  

l y t i c a l   c a p a c i t o r s   c o n s i s t i n g   of  an  a l u m i n i u m - m a n g a n e s e  

a l l o y   h a v i n g   a  M n - c o n t e n t   b e t w e e n   0 . 2   and  2  w e i g h t   %, 

c h a r a c t e r i z e d   in   t h a t   f u r t h e r m o r e   t h e   a l l o y   has   a  c o p p e r  
c o n t e n t   of  b e t w e e n   0 . 1 5   and   5 . 3   w e i g h t   %. 

2.  A  c a t h o d e   f o i l   as  c l a i m e d   in  C l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   t i t a n i u m   c o n t e n t   t h e r e o f  

is   b e t w e e n   0 . 0 3   and  0 . 5   w e i g h t   %. 

3.  A  c a t h o d e   f o i l   as  c l a i m e d   in  C l a i m   2 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   c o p p e r   c o n t e n t   t h e r e o f  

is   b e t w e e n   0 . 0 3   and  0 . 5   and  t h e   t i t a n i u m   c o n t e n t  

b e t w e e n   0 . 0 5   and  0 . 2 5 .  

4.  An  e l e c t r o l y t i c a l   f o i l   c a p a c i t o r   in  w h i c h  

t h e   c a t h o d e   c o n s i s t s   of  e t c h e d   f o i l   as  c l a i m e d   in   C l a i m  

1,  2  or  3 .  
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