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(3)  Electroforming  process. 

The  invention  concerns  an  electroforming  process  for the 
manufacture  of  a  metallic  article  by  electro-deposition  in  an 
electrolytic  bath,  comprising  the  steps  of  making  a  master the 
cathode,  having  an  electroconductive  external  surface  with 
the  same  shape  as the  wanted  internal  surface  of  said  article; 
carrying  out  a  first  electro-deposition;  filling  the  concave  sur- 
faces,  the  recesses  and  interstices  with  plastic  material,  elec- 
troconductive  at  least  on  the  surface  and  able  to  harden; 
carrying  out  a  second  electrodeposition  to  a  thickness  that 
with  said  first  electrodeposition  layer the  article  wanted  thick- 
ness  is  reached;  and  extracting  the  master  from  the  article. 



The  p r e s e n t   i n v e n t i o n   c o n c e r n s   the  m a n u f a c t u r e   of  m e t a l l i c  

a r t i c l e s   by  e l e c t r o l y t i c   t e c h n i q u e s   and  m o r e   p a r t i c u l a r l y   it  r e l a t e s   to 

the  i m p r o v e m e n t s   to  e l e c t r o f o r m i n g   p r o c e s s e s .  

M e t a l l i c   a r t i c l e s   of  any  s h a p e ,   can  b e  r e a l i z e d ,   as  k n o w n ,  

by  e l e c t r o d e p o s i t i o r i   t e c h n i q u e s   in  e l e c t r o l y t i c   bath.   Such  a  p r o c e s s  

p r o v e s   p a r t i c u l a r l y   u s e f u l   when  an  a r t i c l e   with  a  qui te   c o m p l e x   i n t e r i o r  

s u r f a c e   is  to  be  m a d e .   In  this  c a s e ,   m e c h a n i c a l   m a c h i n i n g   by  m a c h i n e  

tools   p r o v e s   e x t r e m e l y   d i f f i c u l t   as  it  m u s t   be  c a r r i e d   out  b l indly;   v i c e  

v e r s a   by  u s i n g   e l e c t r o f o r m i n g   only  a  m a s t e r   hav ing   an  e x t e r n a l   s h a p e  

s i m i l a r   to  the  i n t e r n a l   shape   of  the  w a n t e d   a r t i c l e   is  r e q u i r e d   and  t h e n  

the  m e t a l   can  be  d e p o s i t e d   in  a  ga lvan i c   bath  till  to  the  wan t ed   t h i c k n e s s  

onto  the  m a s t e r   is  a t t a i n e d .  

H o w e v e r ,  w h i l e   e l e c t r o f o r m i n g   is  being  c a r r i e d   out,  a  m e t e d  

o v e r d e p o s i t i o n   o c c u r s   in  c o r r e s p o n d e n c e   with  c o n v e x   s u r f a c e s   and  a  l a c k  

of  d e p o s i t i o n  o c c u r s   in  c o r r e s p o n d e n c e   with  c o n c a v e   s u r f a c e s .   It  is  c l e a r  



that  the  l a t t e r   p r o b l e m   is  m o r e   s e r i o u s   as  to  a  good  e x e c u t i o n   of  t h e  

a r t i c l e ,   as  the  s t r u c t u r e   is  bad ly   w e a k e n e d   in  the  a r e a   w h e r e   m e c h a n -  

ical  s t r e s s e s   a re   u s u a l l y   e n c o u n t e r e d .  

Said  p h e n o m e n o n   can  be  due  to  a  n o n - u n i f o r m   d i s t r i b u t i o n   o f  

the  e l e c t r i c a l   f ie ld  p r e s e n t   i n s ide   the  g a l v a n i c   bath,   w h e r e   the  m a s t e r  

acts   as  c a t h o d e   whi le   an  e l e c t r o d e   of  s u i t a b l e   m a t e r i a l   ac t s   as  a n o d e .  

In  fact   the  d e n s i t y   of  c u r r e n t   l ines   i n c r e a s e s   in  c o r r e s p o n -  

dence   with  convex   s u r f a c e s   and  d e c r e a s e s   in  c o r r e s p o n d e n c e   with  c o n -  

cave  s u r f a c e s   and  c o n s e q u e n t l y   the  a m o u n t   of  m e t a l   t r a n s f e r r e d   as  i o n s  

in  the  e l e c t r o l y t e   is  h i g h e r   w h e r e   the  c u r r e n t   is  h i g h e r   and  vice  v e r s a .  

To  o v e r c o m e   this   d i s a d v a n t a g e   v a r i o u s   m e t h o d s   have  b e e n  

t r i e d :   s o m e   r e s u l t s   have   been   o b t a i n e d   by  those   u t i l i z i n g  a   bath  c o m p o s i -  

tion  with  low  m e t a l   c o n c e n t r a t i o n ,   low  c u r r e n t   d e n s i t y   or  a u x i l i a r y   a n o d e s  

in  c o m b i n a t i o n   with  m a s k i n g   o p e r a t i o n s .   H o w e v e r   the  r e s u l t s   a t t a i n e d  

a re   not  qui te   s a t i s f a c t o r y   b e c a u s e   the  p e r f o r m a n c e s   of  the  m a n u f a c t u r -  

ed  a r t i c l e s   a re   not  yet  high  as  to  m e c h a n i c a l   s t r e n g t h .  A   f u r t h e r  m e t h o d  

u t i l i z e s   m e t a l l i c   i n s e r t s   to  be  p l a c e d   in  c o r r e s p o n d e n c e   with  g r e a t e r   c o n -  

cav i ty   s u r f a c e s .   Thus  a  u n i f o r m   m e t a l  l a y e r   can  be  d e p o s i t e d   on  t h e  

i n s e r t   in  o r d e r   to  s t r e n g t h e n   the  s t r u c t u r e   of  the  ob j ec t .   Y e t t h e   m a n u -  

f a c t u r e   of  said  i n s e r t s   of ten   r e q u i r e s   high  a c c u r a c y   p a r t i c u l a r l y   in  t h e  

i n t e r n a l   s u r f a c e ,   tha t   is  not  m u c h   d i f f e r e n t   f r o m   tha t   r e q u i r e d   of  t h e  

m a c h i n i n g   of  the  a r t i c l e   it  s e l f .  

The  e l e c t r o f o r m i n g   p r o c e s s ,   o b j e c t   of  the  p r e s e n t   i n v e n t i o n ,  

o v e r c o m e s   sa id   d i s a d v a n t a g e s   and  so lves   the  t e c h n i c a l   p r o b l e m   d e -  

s c r i b e d   above ;   a c c o r d i n g   to  said  p r o c e s s   m e t a l l i c   a r t i c l e s   of  any  s h a p e  

and  with  high  s t r e n g t h   and  p r e c i s i o n   f e a t u r e s   m a y   be  m a d e .  

It  is  a  p a r t i c u l a r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   an  e l e c t r o -  

f o r m i n g   p r o c e s s   for  the  m a n u f a c t u r e   of  a  m e t a l l i c   a r t i c l e   by  e l e c t r o -  

d e p o s i t i o n   in  e l e c t r o l y t i c   bath,   in  which  a  m a s t e r   is  m a d e   the  c a t h o d e  

hav ing   an  e l e c t r o c o n d u c t i v e   e x t e r n a l   s u r f a c e   with  the  s a m e   shape   as  t h e  

w a n t e d   i n t e r n a l   s u r f a c e   of  sa id   a r t i c l e ,   that  c o m p r i s e s :  

_  a  f i r s t   e l e c t r o d e p o s i t i o n ;  



-  a  f i l l ing  of  the  concave   s u r f a c e s ,   of  the  r e c e s s e s   and  i n t e r s t i c e s  

with  p l a s t i c   m a t e r i a l ,   e l e c t r o c o n d u c t i v e   at  l e a s t   on  the  s u r f a c e   a n d  

able  to  h a r d e n ;  

-  a  s e c o n d   e l e c t r o d e p o s i t i o n   hav ing   such  t h i c k n e s s   that  with  s a i d  f i r s t  

e l e c t r o d e p o s i t i o n   can  r e a c h   the  a r t i c l e   w a n t e d   t h i c k n e s s ;  

-  the  e x t r a c t i o n   of  said  m a s t e r   f r o m   said  a r t i c l e .  

T h e s e   and  o the r   c h a r a c t e r i s t i c s   of  the  p r e s e n t   i n v e n t i o n   w i l l  

b e c o m e   c l e a r e r   f rom  the  f o l l owing   d e s c r i p t i o n   of  a  p r e f e r r e d   way  of  

e m b o d i m e n t   t h e r e o f   given  by  way  of  e x a m p l e   and  not  in  a  l i m i t i n g   s e n s e ,  

t aken   in  c o n n e c t i o n   with  the  a n n e x e d   d r a w i n g ,   in  which  t h e r e   is  r e p r e -  

s e n t e d   a  c r o s s   s e c t i o n a l   view  of  an  a r t i c l e   m a n u f a c t u r e d   a c c o r d i n g   to  

the  o b j e c t   of  the  i n v e n t i o n .  

In  the  d r a w i n g   r e f e r e n c e   1  deno t e s   the  m a s t e r   on  which   t h e  

w a n t e d   a r t i c l e   is  m a n u f a c t u r e d .   The  m a t e r i a l   u sed   for  its  m a n u f a c t u r e  

will  have   p r e f e r a b l y   low  e l e c t r i c   r e s i s t a n c e ,   so  as  to  ob ta in   a  s a t i s f a c -  

tory   g r o w t h   of  the  e l e c t r o d e p o s i t .  

F o r   s o m e   uses   the  m a s t e r   can  be  m a n u f a c t u r e d   a lso  with  i n -  

s u l a t i n g   m a t e r i a l ,   p r o v i d e d   the  e x t e r n a l   s u r f a c e s   are   m a d e   e l e c t r o c o n -  

duc t ive .   The  m a t e r i a l   used   m u s t   a l so   m a k e   e a s i e r   the  e x t r a c t i o n   or  t h e  

d e s t r u c t i o n   of  the  m a s t e r   once  the  m e t a l l i c   d e p o s i t i o n   is  o v e r .  

E i t h e r   l o w - m e l t i n g   m a t e r i a l s   or  m a t e r i a l s   that   can  be  c o r -  

r o d e d   or  d i s s o l v e d   by  s u i t a b l e   a c id s   or  s o l v e n t s   a re   used   to  this  a i m .  

Of  c o u r s e   they  m u s t   not  a t t a c k   the  m a t e r i a l s   of  the  a r t i c l e .  

P r a c t i c a l   r e a l i z a t i o n   of  the  m a s t e r   does  not  p r e s e n t   g r e a t  

d i f f i c u l t i e s ,   as  it  can  be  o b t a i n e d   by  a  s e r i e s   of  m a c h i n i n g   o p e r a t i o n s  

e f f e c t u a t e d   by  m a c h i n e   tools  or  by  m e a n s   of  fus ing   and  p r e s s i n g   o p e r a -  

t ions .   I 

The  m a s t e r   is  then  i m m e r s e d   in  the  e l e c t r o l y t i c   b a t h  a n d  c o n -  

n e c t e d   with  the  n e g a t i v e   t e r m i n a l   of  the  power   supply.   The  anode  a n d  

the  e l e c t r o l y t e   will  be  able  to  supp ly   the  m e t a l   n e c e s s a r y   to  the  e l e c t r o -  

d e p o s i t i o n   a c c o r d i n g   to  the  u s u a l   t e c h n i q u e .   A f t e r   a  s u i t a b l e   t ime  i n t e r -  



val,   d e p e n d i n g   on  both  the  c h e m i c a l   c o n c e n t r a t i o n   in  the  e l e c t r o l y t e  

and  c u r r e n t   d e n s i t y ,   a  f i r s t   low  t h i c k n e s s   m e t a l l i c   l a y e r   2  is  d e -  

p o s i t e d   on  to  the  m a s t e r .   This   l a y e r   e n s u r e s   the  e l e c t r i c a l   c o n t i n u i t y  

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

it  does   not  yet  e n s u r e   a  s u f f i c i e n t   m e c h a n i c a l   s t r e n g t h .   E l e c t r i c a l   c o n -  

t i n u i t y   can  be  i m p o r t a n t   in  a  number  r  of  s p e c i f i c   a p p l i c a t i o n s   in  t h e  f i e l d  

of  w a v e g u i d e s   for  m i c r o w a v e   s y s t e m s .  

Now  the  m a s t e r   c o v e r e d   with  the  f i r s t   m e t a l l i c   l a y e r   2  i s  

e x t r a c t e d   f rom  the  bath  and  the  c o n c a v e   s u r f a c e s ,   the  r e c e s s e s   a n d  

the  i n t e r s t i c e s   l a c k i n g   of  m e t a l l i c   d e p o s i t i o n   a r e   f i l l ed   with  a  coa t ing   o f  

p l a s t i c   e l e c t r o - c o n d u c t i v e   m a t e r i a l ,   d e n o t e d   by  3  in  the  d r a w i n g .   T o  

this   a im  e p o x y  -   r e s i n s   c o n t a i n i n g   m e t a l   can  be  u s e d ,   being  easy   to  

m o u l d   u n d e r   p l a s t i c   c o n d i t i o n s   and  v e r y   s t r o n g   a f t e r   the  h a r d e n i n g .  

T h e r e f o r e ,   the  m a s t e r   can  be  a l so   m a c h i n e d   by  u s u a l   m a c h i n e   tools  a s  

any  m e t a l .  

In  case   e i t h e r   n o n - c o n d u c t i v e   m a t e r i a l s   a r e   to  be  used   or  t h e  

c o n d u c t i v i t y   of  a v a i l a b l e   m a t e r i a l   is  poor   the  s u r f a c e   of  f i l l ing  m a t e r i -  

al  is  m a d e   c o n d u c t i v e ,   with  a  m e t a l  l a y e r ,   deno ted  by  4  in   the  d r a w i n g .  

This   l a y e r   can  be  o b t a i n e d   by  c o a t i n g   the  s u r f a c e   of  the  f i l l -  

ing  m a t e r i a l   with  s u s p e n d e d   s i l v e r   in  v o l a t i l e   l i q u i d s .  

A  f u r t h e r   l a y e r   of  m e t a l   s i m i l a r   to  the  one  a l r e a d y   d e p o s i t e d  

can  be  d e p o s i t e d   ove r   l a y e r   4,  for  i n s t a n c e   by  b r u s h  -   p la t ing   t e c h -  

n i q u e .  

In  this  m a n n e r   m a t e r i a l   d i s c o n t i n u i t y   on  the  m a s t e r   s u r f a c e  

can  be  a v o i d e d   in  view  of 'a  f u r t h e r   d e p o s i t i o n .   This   l a s t   d e p o s i t i o n   i s  

o b t a i n e d   by  i m m e r s i n g   once  aga in   the  m a s t e r   into  the  e l e c t r o l y t i c   b a t h  
r 

and  k e e p i n g   it  t h e r e   till  the  w a n t e d   m e t a l   t h i c k n e s s   is  ob t a ined ;   s u c h  

l a y e r   is  deno ted   by  5  in  the  d r a w i n g .  

A f t e r w a r d s   the  a r t i c l e   can  be  s e p a r a t e d   f r o m   the  m a s t e r   b y  

one  of  the  m e t h o d s   p r e v i o u s l y   d e s c r i b e d  a n d   f i n i s h e d   a c c o r d i n g   to  t h e  

r e q u i r e m e n t s ;   for  i n s t a n c e   the  e x t e r n a l   s u r f a c e ,   that   is  r a t h e r   g r a n -  



ulous  due  to  the  kind  of  p r o c e s s ,   can  be  duly  s m o o t h e d   and  s u r f a c e s   i n -  

t e n d e d   to  be  j o i n e d   with  c o r r e s p o n d i n g   s u r f a c e s   of  o the r   a r t i c l e s   c a n  

be  r e c t i f i e d .  

It  is  c l e a r   that   what   d e s c r i b e d   has  been  given  only  by  way  o f  

e x a m p l e   and  not  in  a  l i m i t i n g   s e n s e   and  that  v a r i a t i o n s   and  m o d i f i c a -  

t ions  are   p o s s i b l e   w i t h o u t   going  out  of  the  s cope   of  the  i n v e n t i o n .  



1.  E l e c t r o f o r m i n g   p r o c e s s   for  the  m a n u f a c t u r e   of  a  m e t a l l i c   a r t i c l e   b y  

e l e c t r o d e p o s i t i o n   in  e l e c t r o l y t i c   bath  in  which   a  m a s t e r   is  m a d e   t h e  

c a t h o d e ,   hav ing   an  e l e c t r o c o n d u c t i v e   e x t e r n a l   s u r f a c e   with  the  s a m e  

shape   as  the  w a n t e d   i n t e r n a l   s u r f a c e   of  s a id   a r t i c l e ,   c h a r a c t e r i z e d  

in  that   it  c o m p r i s e s :  

-  a  f i r s t   e l e c t r o d e p o s i t i o n   (2) ;  

-  a  f i l l ing   (3)  of  the  c o n c a v e   s u r f a c e s ,   of  the  r e c e s s e s   and  i n t e r -  

s t i c e s   with  p l a s t i c   m a t e r i a l ,   e l e c t r o c o n d u c t i v e   at  l e a s t   on  the  s u r -  

face  and  able  to  h a r d e n ;  

-  a  s e c o n d   e l e c t r o d e p o s i t i o n   (5)  hav ing   such  t h i c k n e s s   that   w i t h  

said  f i r s t   e l e c t r o d e p o s i t i o n   can  r e a c h   the  a r t i c l e   w a n t e d   t h i c k -  

n e s s ;  

-  the  e x t r a c t i o n   of  sa id   m a s t e r   (1)  f r o m   said  a r t i c l e .  

2.  E l e c t r o f o r m i n g   p r o c e s s   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in  

that   sa id   p l a s t i c   m a t e r i a l   c o n s i s t s   of  e l e c t r o c o n d u c t i v e   r e s i n s .  

3.  E l e c t r o f o r m i n g   p r o c e s s   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

on  that   p l a s t i c   m a t e r i a l   t h e r e   are   d e p o s i t e d   one  or  s e v e r a l   e l e c t r o -  

c o n d u c t i v e   m e t a l l i c   l a y e r s   (4) .  

4.  E l e c t r o f o r m i n g   p r o c e s s   as  wel l   as  a r t i c l e s   m a n u f a c t u r e d   by  s u c h  

a  p r o c e s s   a c c o r d i n g   to  the  p r e v i o u s   c l a i m s ,   the  whole   as  d e s c r i b e d  

in  the  text  and  d e p i c t e d   in  the  a n n e x e d   d r a w i n g .  
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