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©  A  process  for  obtaining  a  protective  coating  for  surfaces  subjected  to  mechanical  and  thermal  wear,  and  coating 
obtained  by  such  process. 

@  The  process  provides  for  coating  surfaces  (2)  of  ele- 
ments  (1)  of  heat  engines  subjected  to  wear  by  sliding  and 
oxidation  with  a  wear  layer  (3),  and  consists  of  a  first 
electro-deposition  phase  performed  in  an  aqueous  electro- 
lyte  with  a  low  hydrogen  discharge,  of  a  first  layer  (4)  of  hard 
chrome  having  a  thickness  lying  between  20  and  40  µm  and 
a  hardness  lying  between  400  and  600  HV;  and  a  second 
electro-deposition  phase  in  an  aqueous  electrolyte  based  on 
a  mixture  of  acids,  of  a  second  layer  (5)  of  hard  chrome  over 
the  first  layer  (4),  having  a  hardness  of  at  least  1000  HV  and  a 
maximum  thickness  of  about  1.2  mm. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   f o r  

o b t a i n i n g   a  p r o t e c t i v e   c o a t i n g   f o r   m e c h a n i c a l   e l e m e n t s  

s u b j e c t e d   to  b o t h   t h e r m a l   and  m e c h a n i c a l   w e a r ,   f o r  

e x a m p l e ,   s u b j e c t e d   s i m u l t a n e o u s l y   t o  w e a r   by  s l i d i n g  

and  f r i c t i o n   and  to  o x i d a t i o n ,   s u c h   as  the   s u r f a c e s  

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

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

p i s t o n   c r o w n s   and ,   a b o v e   a l l ,   p i s t o n   r i n g s .   T h e  

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

o b t a i n e d   by  t he   p r o c e s s .  

I t   i s   known  t h a t   t h e   c o m p o n e n t s   of   m o d e r n   h e a t   e n g i n e s ,  

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

c h a m b e r   of   a  d i e s e l   e n g i n e ,   a r e   s u b j e c t e d   to  h i g h  

t h e r m a l   and  m e c h a n i c a l   s t r e s s e s .   In  p a r t i c u l a r   t h e  

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

s t e m s   a n d ,   a b o v e   a l l ,   t h e   p i s t o n   r i n g s ,   must   h a v e  

e x t r e m e l y   h i g h   p r o p e r t i e s   of   r e s i s t a n c e   and  t h e r m a l  

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

and  a b r a s i v e   w e a r   and  to  s e i z u r e ,   to  f a t i g u e ,   t o  

o x i d a t i o n   and  to  b o t h   c h e m i c a l   and  e l e c t r o - c h e m i c a l  

c o r r o s i o n ,   as  w e l l   as  to  f r e t t i n g .   Such  r e q u i r e m e n t s  

h a v e   u n t i l   now  b e e n   at   l e a s t   p a r t l y   s a t i s f i e d   by  u s i n g  

f o r   t h e   s a i d   e l e m e n t s   h e a v i l y   a l l o y e d   c a s t   i r o n   c o v e r e d  

w i t h   c o a t i n g s   of   v a r i o u s   t y p e s ,   b o t h   of  t he   e l e c t r o -  

p l a t e d   t y p e   and  t he   t y p e   o b t a i n e d   by  f l a m e   or  a  c o a t i n g  

o b t a i n e d   by  p l a s m a   s p r a y .   Known  e l e c t r o - d e p o s i t e d  

c o a t i n g s   a r e   p r i n c i p a l l y   o b t a i n e d   by  means   of  c o a t i n g  

a  l a y e r   of   c h r o m e   o n t o   a  b a s e   l a y e r   of   n i c k e l   d e p o s i t e d  

on  t h e   s u r f a c e   to  be  p r o t e c t e d .   The  t h i c k n e s s   of   t h e  



c o a t i n g   t h u s   o b t a i n e d   d o e s   n o t   e x c e e d   a b o u t   0 . 4 5  m m  

b e c a u s e   l a y e r s   of   g r e a t e r   t h i c k n e s s   w o u l d   n o t   b e  

e c o n o m i c   g i v e n   the   l o n g   d e p o s i t i o n   t i m e s   r e q u i r e d  

a n d ,   a b o v e   a l l ,   b e c a u s e   t h e y   w o u l d   be  i n c o h e r e n t ,  

t h e r e f o r e   c a u s i n g   a  r a p i d   f l a k i n g   of  t h e   p r o t e c t i v e  

l a y e r .   The  d e p o s i t i o n   p r o c e s s e s   a r e   l a r g e l y   k n o w n ,  

as  a r e   t h e i r   o p e r a t i n g   p a r a m e t e r s .   They  a r e   u s u a l l y  

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

s o l u t i o n ,   in   t h e   p r e s e n c e   of   c h r o m i u m   d i o x i d e ,   w i t h  

l e a d   a n o d e s   and  c a t h o d e s   c o n s t i t u t e d   by  t he   w o r k  

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

b e t w e e n   10  and  30  A m p e r e / d m 2   and  a  s p e e d   of   d e p o s i t i o n  

of   a b o u t   2 0 - 2 5   m i c r o n / h .  

Known  e l e c t r o - d e p o s i t i o n   p r o c e s s e s   a r e   n o t   e n t i r e l y  

f r e e   f rom  d i s a d v a n t a g e s .   In  p a r t i c u l a r   t h e y   p e r m i t  

c o a t i n g   l a y e r s   of  o n l y   a  s m a l l   t h i c k n e s s   w h i c h   a r e  

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

t r e a t e d ,   w h i c h   i s   n e c e s s a r y ,   on  t h e   o t h e r   h a n d   to   b e  

a b l e   to  e x t e n d   the   m a i n t e n a n c e   i n t e r v a l s   of  t h e   e n g i n e s  

f i t t e d   w i t h   s u c h   e l e m e n t s .   F u r t h e r ,   t h e r e   i s   a  t e n d e n c y - -  

t h e s e   d a y s ,   f o r   r e a s o n s   of   e c o n o m y ,   to  u s e   i n f e r i o r  

f u e l s ,   r i c h   in   s u l p h u r   and  o t h e r   c o r r o s i v e   e l e m e n t s  

and  w h i c h   t h e r e f o r e   c a u s e   a  r a p i d   c o r r o s i v e   w e a r   o f  

t h e   p r o t e c t i v e   l a y e r s , w h e t h e r   o b t a i n e d   by  e l e c t r o -  

d e p o s i t i o n   m e t h o d s   or  w i t h   o t h e r   m e t h o d s , a n d   of  t h e  

e l e m e n t s   p r o t e c t e d   t h e r e b y .  

An  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t h a t   of  p r o v i d i n g  

a  p r o c e s s   f o r   o b t a i n i n g   a  p r o t e c t i v e   c o a t i n g   f o r  

s u r f a c e s   s u b j e c t e d   to  w e a r ,   w h i c h   w i l l   be  f r e e   f r o m   t h e  



d e s c r i b e d   d i s a d v a n t a g e s   and  in  p a r t i c u l a r   of   g r e a t e r  

t h i c k n e s s   and  r e s i s t a n c e   to   c h e m i c a l   c o r r o s i o n   so  a s  

to   be  a b l e   e f f e c t i v e l y   to   p r o t e c t   t he   s u r f a c e s   t o  

w h i c h   t h e y   a r e   a p p l i e d .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t h a t   o f  

p r o v i d i n g   such   a  p r o t e c t i v e   c o a t i n g   by  u t i l i s i n g   e l e c t r o -  

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

The  s a i d   o b j e c t s   a r e   a c h i e v e d   by  t h e   p r e s e n t   i n v e n t i o n  

in   t h a t   i t   r e l a t e s   to  a  p r o c e s s   f o r   o b t a i n i n g   a  p r o -  
t e c t i v e   c o a t i n g   f o r   s u r f a c e s   s u b j e c t e d   to   w e a r   b y  

s l i d i n g   and  o x i d a t i o n ,   in   p a r t i c u l a r   f o r   s u r f a c e s   o f  

h e a t   e n g i n e s ,   c h a r a c t e r i s e d   by  t h e   f a c t   t h a t   i t   c o m -  

p r i s e s :  

-  a  f i r s t   p h a s e   o f   e l e c t r o - d e p o s i t i o n   o n t o   t h e  

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

a  V i c k e r s   h a r d n e s s   l y i n g  b e t w e e n   400  and  600  Kg/mm2 

and  a  maximum  t h i c k n e s s   l y i n g  b e t w e e n   20  and  40  m i c r o n ,  

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

b a t h   of  a q u e o u s   e l e c t r o l y t e ;   a n d  

-  a  s e c o n d   p h a s e  o f  e l e c t r o - d e p o s i t i o n  o n t o   t h e  

s a i d   f i r s t   l a y e r   of   h a r d   c h r o m e   of   a  s e c o n d   l a y e r   o f  

h a r d   c h r o m e   h a v i n g   a  V i c k e r s   h a r d n e s s   of   a t   l e a s t   a b o u t  

1000   Kg/mm 2  and  h a v i n g   a  maximum  t h i c k n e s s   of   a b o u t  

1 . 2   mm  t h e   s a i d   s e c o n d   p h a s e   b e i n g   p e r f o r m e d   in   a n  

a q u e o u s   e l e c t r o l y t i c   b a t h   c o n t a i n i n g   a  m i x t u r e   o f  

a c i d s   and  w i t h   a  s p e e d  o f   d e p o s i t i o n   of   t h e   c h r o m e  

f r o m   f o u r   to  t e n   t i m e s   g r e a t e r   t h a n   t h e   s p e e d   o f  

d e p o s i t i o n   of  t he   c h r o m e   in   t he   s a i d   f i r s t   p h a s e .  



The  p r e s e n t   i n v e n t i o n   f u r t h e r   r e l a t e s   to  a  p r o t e c t i v e  

c o a t i n g   f o r   c o v e r i n g   t h e   s u r f a c e s   of   h e a t   e n g i n e s  

s u b j e c t e d   to   t h e r m a l   and  m e c h a n i c a l   w e a r ,   in   p a r t i c u l a r  

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

d i e s e l   e n g i n e   and  p a r t i c u l a r l y   f o r   p i s t o n   r i n g s   a n d  

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

c h a r a c t e r i s e d   by  t he   f a c t   t h a t   i t   c o m p r i s e s   a t   l e a s t :  

-  a   f i r s t   e l e c t r o - d e p o s i t e d   l a y e r   of   h a r d   c h r o m e  

h a v i n g   a  h a r d n e s s   l y i n g  b e t w e e n   400  and  600  HV  and  a  

maximum  t h i c k n e s s   l y i n g  b e t w e e n   20  and  40  m i c r o n ,   t h e  

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

f r o m   c r a c k s ,   m i c r o - c r a c k s   and  p o r o s i t y ;   a n d  

-  a  s e c o n d   e l e c t r o - d e p o s i t e d   l a y e r  o f   h a r d   c h r o m e  

o v e r l y i n g   t h e   s a i d   f i r s t   l a y e r   and  h a v i n g   a  h a r d n e s s   o f  

a t   l e a s t   a b o u t   1000  HV  and  a  maximum  t h i c k n e s s   of  a b o u t  

1 . 2   m m ,  t h e   s a i d   s e c o n d   l a y e r   h a v i n g   a  p l u r a l i t y   o f  

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

d i m e n s i o n s   l y i n g   b e t w e e n   5  and  30  m i c r o n   and  a  d i s t r i -  

b u t i o n   f r e q u e n c y   in   t he   s a i d   s e c o n d   l a y e r   of   a t   l e a s t  

a b o u t   200  m i c r o - c r a c k s   p e r   l i n e a r   c m .  

For   a  b e t t e r   u n d e r s t a n d i n g   of  t h e   p r e s e n t   i n v e n t i o n  

a  n o n - l i m i t a t i v e   e m b o d i m e n t   t h e r e o f   w i l l   be  d e s c r i b e d  

w i t h   r e f e r e n c e   to   t h e   a t t a c h e d   d r a w i n g s ,   in   w h i c h :  

F i g u r e   1  i l l u s t r a t e s   a  p h o t o g r a p h   on  an  e n l a r g e d   s c a l e  

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

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

t h e   i n v e n t i o n ;  

F i g u r e   2  i l l u s t r a t e s   a  m i c r o - p h o t o g r a p h   e n l a r g e d   5 0 0  

t i m e s ,   of  a  b a s e   zone   of  t he   c o a t i n g   of  F i g u r e   1 ;  



F i g u r e   3  i l l u s t r a t e s   a  m i c r o - p h o t o g r a p h   e n l a r g e d   5 0 0  

t i m e s ,   of  an  i n t e r m e d i a t e   zone   of  t he   c o a t i n g   o f  

F i g u r e   l ; a n d  

F i g u r e   4  i l l u s t r a t e s   a  p h o t o g r a p h   on  an  e n l a r g e d   s c a l e  

of   a  s e c t i o n   of  a  s e a l i n g   r i n g   s u c h   as  in  F i g u r e   1,  b u t  

p r o v i d e d   w i t h   a  p r o t e c t i v e   c o a t i n g   f o r m e d   w i t h   a  k n o w n  

p r o c e s s .  

W i t h   r e f e r e n c e   to  F i g u r e   1,  an  e l e m e n t   of  a  c o m b u s t i o n  

c h a m b e r   f o r   a  h e a t   e n g i n e   i s   g e n e r a l l y   i n d i c a t e d   1,  t h i s  

b e i n g   c o n s t i t u t e d ,   in   t h e   i l l u s t r a t e d   e x a m p l e ,   by  a  

s e a l i n g   r i n g   f o r   a  d i e s e l   e n g i n e   p i s t o n .   The  e l e m e n t  

l , o f   w h i c h ,   f o r   s i m p l i c i t y ,   o n l y   an  o u t e r   p o r t i o n   of  t h e  

r a d i a l   s e c t i o n   i s   i l l u s t r a t e d ,   has   a  s u r f a c e   2,  in   t h e  

i l l u s t r a t e d   e x a m p l e   t h e   o u t e r   s i d e   s u r f a c e ,   s u b j e c t e d  

to   w e a r   b o t h   by  s l i d i n g   and  o x i d a t i o n ,   b e i n g   i n t e n d e d  

to  f o rm  a  s l i d i n g   s e a l   b e t w e e n   p i s t o n   and  t h e   s i d e   w a l l  

of   t h e   c y l i n d e r   of   an  e n g i n e   in   o p e r a t i n g   c o n d i t i o n s .  

The  s u r f a c e   2  i s   p r o v i d e d   w i t h   a  p r o t e c t i v e   c o a t i n g   3  

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

f r o m   t h e r m a l   w e a r   due  to  c h e m i c a l   and  e l e c t r o - c h e m i c a l  

a t t a c k   a t   h i g h   t e m p e r a t u r e   by  t h e   c o m b u s t i o n   p r o d u c t s .  

The  p r o t e c t i v e   c o a t i n g   3,  in   t he   i l l u s t r a t e d   e x a m p l e ,  

c o m p r i s e s   two  s u p e r i m p o s e d   l a y e r s ,   e l e c t r o - d e p o s i t e d  

o n t o   t h e   s u r f a c e   2;  a  f i r s t   l a y e r   4  of   h a r d   c h r o m e ,  

h a v i n g   a  V i c k e r s   h a r d n e s s   of   536  Kg/mm2  and  a  t h i c k n e s s  

of   35  m i c r o n   ( 0 . 0 3 5  m m )   d e p o s i t e d   i m m e d i a t e l y   i n  

c o n t a c t   w i t h   t he   s u r f a c e   2  of   t h e   e l e m e n t   1,  w h i c h   i s  



made  of   c a s t   i r o n ;   and  a  s e c o n d   l a y e r   5  o f   h a r d   c h r o m e ,  

h a v i n g   a  V i c k e r s   h a r d n e s s   of   1073  Kg/mm2  ( 1 0 7 3   HV) 

and  of   t h i c k n e s s   e q u a l   to  1 . 0 5 m m  ,   d e p o s i t e d   o v e r   t h e  

l a y e r   4.   As  can   be  s e e n   in   F i g u r e s   2  and  3,  t h e   l a y e r 4  

i s   c o m p a c t e d ,   s u b s t a n t i a l l y   f r e e   f rom  c r a c k s ,   m i c r o -  

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

i r o n   of   t h e   e l e m e n t   1.  The  l a y e r   5  i s   p e r f e c t l y  

a d h e r e n t   to  t h e   l a y e r   4,  f r e e   f rom  b low  h o l e s   a n d  

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

m i c r o - c r a c k s   6  of  v e r y   s m a l l   d i m e n s i o n s   ( F i g u r e   3 )  

l y i n g   b e t w e e n   a b o u t   5  and  30  m i c r o n ,   u n i f o r m l y   d i s t r i -  

b u t e d   in   t h e   l a y e r   5  i t s e l f .  

More  g e n e r a l l y ,   t h e   p r o t e c t i v e   c o a t i n g   3  f o r m e d   a c c o r d -  

ing   to  t h e   i n v e n t i o n   can   be  a p p l i e d   to  any  s u r f a c e  

s u b j e c t   to  t h e r m a l   and  m e c h a n i c a l   wear;   and  in   t h e  

f i e l d   of   e n g i n e s   n o t   o n l y   t h e   p i s t o n   r i n g s ,   b u t   a l s o  

t he   v a l v e   s t e m s   and  t h e   c y l i n d e r   s l e e v e s ,   and   t h e  

p i s t o n   c r o w n s   or   c a v i t i e s   can  be  c o v e r e d   w i t h   t h i s  

c o a t i n g .   The  c o a t i n g   3  can  be  made  w i t h   a  n u m b e r   o f  

d i f f e r e n t   v a r i a n t s ,   d e p e n d i n g   on  t e c h n i c a l   r e q u i r e m e n t s  

- - - o f - t h e   v a r i o u s  a p p l i c a t i o n s ,   and  t h e r e f o r e   t h e   l a y e r  

4  can   h a v e   a  maximum  t h i c k n e s s   l y i n g   b e t w e e n   20  a n d  

40  m i c r o n   and  a  h a r d n e s s   l y i n g   b e t w e e n   400  and  600  HV, 

w h i l s t   t h e   l a y e r   5  can   h a v e   a  h a r d n e s s   e q u a l   to   o r  

g r e a t e r   t h a n   1000  HV  and  a  maximum  t h i c k n e s s   e q u a l   t o  

a b o u t   1 . 2   mm.  In  a  v a r i a n t   n o t   i l l u s t r a t e d   t h e   c o a t i n g  

3  f u r t h e r  c o m p r i s e s   a  t h i r d   e l e c t r o - d e p o s i t e d   l a y e r  

f o r   r u n n i n g - i n   made  of   h a r d   c h r o m e   d e p o s i t e d   o v e r   t h e  

l a y e r   5,  of   a  h a r d n e s s   l y i n g   b e t w e e n   a b o u t   650  a n d  

800  HV  and  h a v i n g   a  t h i c k n e s s   s u c h   as  to  be  c o m p l e t e l y  



w o r n   a w a y , l e a v i n g   t h e   l a y e r   5  e x p o s e d ,   d u r i n g   t h e  

r u n n i n g - i n   p h a s e   of   t h e   e n g i n e   t h e   e l e m e n t s   of   w h i c h  

h a v e   had  t h e   c o a t i n g   3  a p p l i e d   t h e r e t o .  

The  c o a t i n g   3  has   t h e   d u a l   f u n c t i o n   of   c o n s t i t u t i n g   a  

p r o t e c t i v e   l a y e r   f o r   t h e   s u r f a c e   2  w i t h   r e g a r d   t o  

o x i d i s i n g   and  c h e m i c a l l y   a g g r e s s i v e   a g e n t s   i n   g e n e r a l ,  

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

s u r f a c e   2.  A c c o r d i n g   to  t h e   i n v e n t i o n   t h i s   d u a l  

f u n c t i o n   i s   p e r f o r m e d   s e p a r a t e l y   by  t h e   two  l a y e r s  

4  and  5.  The  l a y e r   4,  t h a n k s   to   i t s   h i g h   c o m p a c t e d n e s s  

and  e x c e l l e n t   a d h e s i o n   to  t h e   b a s e   m a t e r i a l ,   w h e t h e r   i t  

be  c a s t   i r o n   or  s t e e l ,   g u a r a n t e e s   t he   a n t i - c o r r o s i v e  

and  a n t i - o x i d i t i v e   p r o t e c t i o n   e v e n   in  t h e   p r e s e n c e   o f  

h i g h   t e m p e r a t u r e s   ( s u c h   a s ,   f o r   e x a m p l e ,   t h o s e   in   t h e  

c o m b u s t i o n   c h a m b e r s   of   s u p e r - c h a r g e d   e n g i n e s )   a n d  

a g g r e s s i v e   f u e l s   s u c h   as  h e a v y   d i e s e l   h a v i n g   a  h i g h  

s u l p h u r   c o n t e n t .   T h a n k s   to   i t s   h i g h   t h e r m a l   s t a b i l i t y  

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

c h r o m e   l a y e r   4  p r e v e n t s   t h e   f o r m a t i o n   of   l o c a l   e l e c t r o -  

c h e m i c a l   c o r r o s i o n   p a i r s   and  t h e   p e n e t r a t i o n   o f  

c o r r o s i v e   a g e n t s   t o w a r d s   t h e   b a s e   m a t e r i a l .  

The  l a y e r   5,  on  the   o t h e r   h a n d ,   s e r v e s   to  be  s l o w l y  

c o n s u m e d   d u r i n g   t he   o p e r a t i n g   l i f e   of  t h e   e l e m e n t   1 

in   s u c h   a  way  as  to  p r e v e n t   d i r e c t   s l i d i n g   o f   t h e  

s u r f a c e   2  and  c o n s e q u e n t   p o s s i b l e   g r i p p i n g   o r   s e i z u r e .  

T h a n k s   to  t he   g r e a t   t h i c k n e s s   (more   t h a n   t h r e e   t i m e s  

t h e   n o r m a l   t h i c k n e s s   of   e l e c t r o - d e p o s i t e d   c h r o m e   p r o -  
t e c t i v e   l a y e r s )   i t   a l l o w s   a b o u t   t h r e e   t i m e s   t h e   o p e r a t i n g  

l i f e   of   t he   e l e m e n t   1  p e r m i t t i n g   t he   m a i n t e n a n c e   i n t e r -  

v a l s   of   t he   e n g i n e s   on  w h i c h   t h e   e l e m e n t s   p r o v i d e d   w i t h  



p r o t e c t i v e   c o a t i n g s   3  a r e   f i t t e d   to  be  e x t e n d e d .   O n e  

c h a r a c t e r i s t i c   o f   t h i s   l a y e r   5,  as  w e l l   as  i t s   t h i c k -  

n e s s ,   i s   r e p r e s e n t e d   by  the   p r e s e n c e   of   t h e   m i c r o - c r a c k s  

6.  T h e s e   h a v e   d i m e n s i o n s   such   as  to   be  a b l e   to   c o l l e c t  

and  r e t a i n   l u b r i c a t i n g   o i l   in   s u c h   a  way  as  t o  a l l o w  

t h e   f o r m a t i o n   of  an  i n t e r n a l   o i l   r e s e r v e   i n   t h e   l a y e r  

5,  w h i c h   can   be  u s e d   in   the   e v e n t   of   c r i t i c a l   l u b r i -  

c a t i o n   c o n d i t i o n s   p r e v e n t i n g   any  r i s k   of   s e i z u r e   o r  

damage   to  t h e   p r o t e c t i v e   c o a t i n g   3.  E x p e r i m e n t a l  

t e s t s   h a v e   v e r i f i e d   t h a t   i m p r o v e d   r e s u l t s   of   d u r a b i -  

l i t y   and  a d e q u a c y   of   l u b r i c a t i o n   a r e   o b t a i n e d   w h e n  

t h e   d i s t r i b u t i o n   f r e q u e n c y   of  t h e   m i c r o - c r a c k s   in   t h e  

l a y e r   5  i s   e q u a l   to   or  g r e a t e r   t h a n   a b o u t   200  m i c r o -  

c r a c k s   p e r   l i n e a r   cm,  w h i c h   r e p r e s e n t s   a  c r i t i c a l   v a l u e .  

The  p r o t e c t i v e   c o a t i n g   3  p r e v i o u s l y   d e s c r i b e d   i s   o b t a i n e d  

w i t h   t h e   f o l l o w i n g   p r o c e s s .  

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

e l e m e n t   1  to  be  c o a t e d ,   t h e r e   i s   d e p o s i t e d   on  t h e   s u r f a c e  

2 ,  b y  m e a n s   o f   e l e c t r o - d e p o s i t i o n  t r e a t m e n t ,   t h e   l a y e r  

4  by  o p e r a t i n g   in   a n  e l e c t r o l y t i c   v e s s e l   w i t h  l e a d   a n o d e s  

and  c a t h o d e s   c o n s t i t u t e d   by  the   e l e m e n t s   to  be  c o a t e d ,  

in   an  e l e c t r o l y t i c   b a t h   c o n t a i n i n g   c h r o m e   in   s o l u t i o n ,  

p r e f e r a b l y   as  C r O 3 ,  a n d   c h r o m i c   a c i d   and  w i t h   a  v o l t a g e  

b e t w e e n   t he   e l e c t r o d e s   of   b e t w e e n   4  and  10  v o l t s .   T o  

o b t a i n   a  l a y e r   4  h a v i n g   t h e  c h a r a c t e r i s t i c s   d e s c r i b e d ,  

and  t h e r e f o r e   h i g h   c o m p a c t e d n e s s ,   f r e e   f r o m   c r a c k s   a n d  

p o r o s i t y ,   w i t h   good   a d h e s i o n   to  t h e   b a s e   m e t a l ,   i t   i s  

n e c e s s a r y   h o w e v e r   to  o p e r a t e   in   c o n d i t i o n s   w i t h   p a r t i -  

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

e x p e r i m e n t i n g   p e r i o d   w h i c h   has   p e r m i t t e d ,   s u r p r i s i n g l y ,  

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



c h a r a c t e r i s t i c s   to  be  o b t a i n e d   and  w h i c h   can  b e  

d e p o s i t e d   w i t h   e x c e l l e n t   a d h e s i o n   d i r e c t l y   on  t h e  

b a s e   m e t a l   ( c a s t   i r o n   or   s t e e l ) ,   w i t h o u t   t he   i n t e r -  

p o s i t i o n   of  an  a n c h o r i n g   l a y e r   of   n i c k e l .   T h e s e  

o p e r a t i n g  p a r a m e t e r s   c o n s i s t   in   a  h i g h   c a t h o d e ' c u r r e n t  

d e n s i t y ,   w h i c h   mus t   be  m a i n t a i n e d   n e a r   to  or  e q u a l   t o  

a b o u t   30  A m p e r e / d m 2 ,   a s s o c i a t e d   w i t h   a  v e r y   s l o w  

d e p o s i t i o n   s p e e d   l y i n g   b e t w e e n   a b o u t   5  and  15  m i c r o n / h o u r .  

The  c o m b i n a t i o n   of   t h e s e   v a l u e s   a l l o w s   an  e l e c t r o -  

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

d e p o s i t i o n ,   c h a r a c t e r i s e d   by  t h e   p r e s e n c e   of   a  v e r y  

l a r g e   n u m b e r   of  n u c l e i i   of   c r y s t a l l i s a t i o n   and  b y  

c r y s t a l s   of   v e r y   s m a l l   d i m e n s i o n s ;   t h i s   p e r m i t s   t h e  

b e s t   c h a r a c t e r i s t i c s   of  c o m p a c t e d n e s s   and  a d h e s i o n   o f  

t h e   c h r o m i u m   d e p o s i t s   to   be  o b t a i n e d ,   w h i c h   r e s u l t s   i n  

t o t a l   i m p e r m e a b i l i t y   to  c o r r o s i v e   a g e n t s .  

The  h a r d n e s s   and  t h i c k n e s s   o f   t h e   l a y e r   4  can  i n s t e a d  

be  c h o s e n   in   d e p e n d e n c e   on  t h e   s i n g l e   c o a t i n g   r e q u i r e -  

m e n t s ,   by  v a r y i n g   in  a  known  way  t h e   d u r a t i o n   of  t h e  

d e p o s i t i o n   o p e r a t i o n   and  t h e   p e r c e n t a g e   c o m p o s i t i o n  
of   c h r o m e   in  t he   b a t h ;   t h e s e   m u s t   h o w e v e r   r e m a i n   b e t w e e n  

the   f o l l o w i n g   v a l u e s :  

-  t h i c k n e s s   of  t h e   l a y e r   4:  2 0 - 4 0   m i c r o n  

-  V i c k e r s   h a r d n e s s   of  t h e   l a y e r   4:  4 0 0 - 6 0 0   Kg/mm2 

A f t e r   h a v i n g   o b t a i n e d   t h e   l a y e r   4  a  w a s h i n g   o p e r a t i o n  
i s   p e r f o r m e d   and  t h 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  

o p e r a t i o n ,   t h i s   t i m e   u t i l i s i n g   an  a q u e o u s   e l e c t r o l y t i c  

b a t h   c o n t a i n i n g   Cr03  and  a  m i x t u r e   of   a c i d s   b a s e d   o n  



s u l p h u r i c   a c i d   (H2S04)   p r e f e r a b l y   m i x e d   w i t h   h y d r o f l u o r i c  
a c i d   (HF)  and  p o s s i b l y   w i t h   o t h e r   m i n e r a l   a c i d s .  

The  c h r o m e   l a y e r   5  i s   d e p o s i t e d   a f t e r   t h e   l a y e r   4 ,  

a c t i n g   in  v e s s e l s   w i t h   l e a d   a n o d e s   and  c a t h o d e s   c o n -  

s t i t u t e d   by  t h e   e l e m e n t s   to  be  t r e a t e d   and   a  v o l t a g e  

b e t w e e n   t h e   e l e c t r o d e s   o f   a b o u t   5 -15   v o l t s .   To  o b t a i n  

a  g r e a t   t h i c k n e s s   o f   t h e   l a y e r   5,  e q u a l   to   more   t h a n  

t h r e e   t i m e s   t he   n o r m a l l y   o b t a i n a b l e   t h i c k n e s s ,   a n d  

s i m u l t a n e o u s l y   o b t a i n   a  r e g u l a r   and  c o m p a c t e d   d e p o s i t ,  

p r o v i d e d   w i t h   m i c r o - c r a c k s   6,  i t   has ,   s u r p r i s i n g l y ,  
b e e n  f o u n d   t h a t   i t   i s   n e c e s s a r y   to  o p e r a t e   w i t h   a n  

u n u s u a l l y   h i g h   c a t h o d e   c u r r e n t   d e n s i t y ,   l y i n g   b e t w e e n  

40  and  70  A m p e r e / d m 2   in   c o m b i n a t i o n   w i t h   a  s p e e d   o f  

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

t i m e s   g r e a t e r   t h a n   t h e   s p e e d   u s e d   f o r   d e p o s i t i n g   t h e  

l a y e r   4  and  l y i n g   b e t w e e n   40  and  80  m i c r o n s  p e r   h o u r .  

In  t h i s  c a s e ,   t o o ,   by  v a r y i n g   t he   c o m p o s i t i o n   of  t h e  

b a t h   in  a  known  way  t h e   h a r d n e s s   of  t he   d e p o s i t ,   w h i c h  

m u s t   be  g r e a t e r   t h a n   o r   e q u a l   to  a b o u t   1000   kg/mm 2 

( V i c k e r s )   c a n  b e  d e t e r m i n e d .   The  maximum  e c o n o m i c  

t h i c k n e s s   of  t h e   l a y e r   5  i s   of  t he   o r d e r   of   1 . 2   mm. 

O p t i o n a l l y ,   a  f u r t h e r   e l e c t r o - d e p o s i t i o n   o p e r a t i o n   c a n  

s u b s e q u e n t l y   be  p e r f o r m e d   by  d e p o s i t i n g   on  t h e   l a y e r   5 

a  f u r t h e r   h a r d   c h r o m e   l a y e r   of   V i c k e r s   h a r d n e s s   l y i n g  

b e t w e e n   650  and  800  Kg/mm2  by  w o r k i n g   w i t h   a  c a t h o d e  

c u r r e n t   d e n s i t y   of   a b o u t   3 0 - 4 0   Ampere  and  a  s p e e d  

of   d e p o s i t i o n   e q u a l   to   t h a t   u s e d   in  t h e   d e p o s i t i o n  

p h a s e   of  t he   l a y e r   5.  T h i s   p r o d u c e s   a  l a y e r   h a v i n g  

c h a r a c t e r i s t i c s   s i m i l a r   to   t h o s e   of  t h e   l a y e r  5   b u t  



s o m e w h a t   s o f t e r ,   w h i c h   can  be  u s e d   as  a  r u n n i n g - i n  

l a y e r .   M i c r o - c r a c k s   6  can  a l s o   be  o b t a i n e d   in  t h i s  

l a y e r .  

From  w h a t   h a s   b e e n   d e s c r i b e d   t h e   a d v a n t a g e s   o f . t h e  

p r o c e s s   a c c o r d i n g   to  t he   i n v e n t i o n   w i l l   be  a p p a r e n t .  

I t   a l l o w s   c h r o m e   p r o t e c t i v e   c o a t i n g s   of   a  new  c o n c e p t  

and  v e r y   h i g h   c h a r a c t e r i s t i c s   of   s t r e n g t h   and  d u r a b i l i t y  

to  be  o b t a i n e d .   Above  a l l ,   t h e   p r o c e s s   d e s c r i b e d   a l l o w s  

a  c h r o m e   p r o t e c t i v e   c o a t i n g   l a y e r   of   g r e a t   t h i c k n e s s   t o  

be  o b t a i n e d   (a   t h i c k n e s s   g r e a t e r   t h a n   t h r e e   t i m e s   t h e  

t h i c k n e s s   of   c u r r e n t   l a y e r s )   in   t i m e s   s u b s t a n t i a l l y  

e q u a l   to   t h o s e   n e c e s s a r y   to  o b t a i n   c o n v e n t i o n a l   l a y e r s  

( o f   s m a l l e r   t h i c k n e s s )   w i t h   known  p r o c e s s e s ,   t h a n k s  

to  t h e   h i g h   s p e e d   of   d e p o s i t i o n   w h i c h   i s   a b o u t   t h r e e  

t i m e s   t h a t   n o r m a l l y   u s e d .   From  a  c o m p a r i s o n   b e t w e e n  

t h e   p h o t o g r a p h s   of   F i g u r e s   1  and  4,  r e s p e c t i v e l y  

i l l u s t r a t i n g   two  e l e c t r o - d e p o s i t e d   c h r o m e   l a y e r s   5 

of   e q u a l   t h i c k n e s s ,   t h e   f i r s t   ( F i g u r e   1  )   d e p o s i t e d  

on  a  b a s e   l a y e r   4  of   p u r e   c h r o m e   and  w i t h   t h e   p r o c e s s  
of  t he   i n v e n t i o n ,   and  t h e   s e c o n d   ( F i g u r e   4)  w i t h   a  

c o n v e n t i o n a l   p r o c e s s   o n t o   a  b a s e   l a y e r   of   n i c k e l ,   o n e  

can  see   how  t h e   c h r o m e   l a y e r   of   F i g u r e   4,  b e c a u s e   o f  

t h e   g r e a t   t h i c k n e s s ,   h a s   n u m e r o u s   m a c r o s c o p i c   c r a c k s  

w h i c h   w o u l d   in   u s e   l e a d   to  a  r a p i d   f l a k i n g   of  t h e  

l a y e r   i t s e l f .  



1..  A  p r o c e s s   f o r   o b t a i n i n g   a  p r o t e c t i v e   c o a t i n g   ( 3 )  

f o r   s u r f a c e s   (2)   s u b j e c t e d   to  w e a r   by  s l i d i n g   a n d  

o x i d a t i o n ,   in   p a r t i c u l a r   f o r   s u r f a c e s   (2)  of   e l e m e n t s  

(1)  of  h e a t   e n g i n e s ,   c h a r a c t e r i s e d   by  t h e   f a c t  t h a t   i t  

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   p h a s e   d e p o s i t i n g   o n t o  

t h e   s a i d   s u r f a c e s   (2)  a  f i r s t   l a y e r   (4)  of  h a r d   c h r o m e  

h a v i n g   a  V i c k e r s   h a r d n e s s   l y i n g   b e t w e e n   400  and  600  K g / m m 2  

and  a  maximum  t h i c k n e s s   l y i n g   b e t w e e n   20  and  40  m i c r o n s ,  

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

b a t h   of   a q u e o u s   e l e c t r o l y t e ;   a n d  

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

t h e   s a i d   f i r s t   l a y e r   (4)  of   h a r d   ch rome   a  s e c o n d   l a y e r  

(5)  of  h a r d   c h r o m e   h a v i n g   a  V i c k e r s   h a r d n e s s   of   a t  

l e a s t   a b o u t   1000   Kg/mm2  and  h a v i n g   a  maximum  t h i c k -  

n e s s   of   a b o u t   1 . 2   mm,  the   s a i d   s e c o n d   p h a s e   b e i n g  

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

a  m i x t u r e   of  a c i d s ,   and  w i t h   a  c h r o m e   d e p o s i t i o n   s p e e d  

of   f o u r   to  t e n   t i m e s   g r e a t e r   t h a n   t he   s p e e d   of  d e p o s i -  

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

2.  A  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 s e d   b y  

t h e   f a c t   t h a t   i t   f u r t h e r   i n c l u d e s   a  t h i r d   p h a s e ,   s u b -  

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

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

V i c k e r s   h a r d n e s s   l y i n g   b e t w e e n   a b o u t   650  and  800  K g / m m 2 .  



3.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1  or  C l a i m   2,  c h a r a -  

c t e r i s e d   by  t h e   f a c t   t h a t   t h e   s a i d   m i x t u r e   o f   a c i d s  

c o m p r i s e s   p r i n c i p a l l y   s u l p h u r i c   a c i d   m i x e d   w i t h   h y d r o -  

f l u o r i c   a c i d .  

4.  A  p r o c e s s   a c c o r d i n g   to  any  p r o c e e d i n g   C l a i m  

c h a r a c t e r i s e d   by  t h e   f a c t   t h a t   t h e   s p e e d   of   d e p o s i t i o n  

of   t he   s a i d   f i r s t   l a y e r   (4)  l i e s   b e t w e e n , a b o u t   5  and  15  

m i c r o n / h o u r .  

5.  A  p r o t e c t i v e   c o a t i n g   (3)  f o r   c o v e r i n g   t h e   s u r f a c e s  

(2)  s u b j e c t e d   to   t h e r m a l   and  m e c h a n i c a l   w e a r   of  e l e m e n t s  

(1)  of  h e a t   e n g i n e s ,   in   p a r t i c u l a r   f o r  e l e m e n t s   ( 1 )  

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

and  p a r t i c u l a r l y   f o r   p i s t o n   r i n g s   and  p i s t o n   s e a l i n g  

r i n g s   of  r e c i p r o c a t i n g   e n g i n e s ,   c h a r a c t e r i s e d   by  t h e  

f a c t   t h a t   i t   c o m p r i s e s   a t   l e a s t :  

-  a  f i r s t   e l e c t r o - d e p o s i t e d   l a y e r   (4)  of   h a r d  

c h r o m e   h a v i n g   a  h a r d n e s s   l y i n g   b e t w e e n   400  and  600  HV 

and  a  maximum  t h i c k n e s s   l y i n g   b e t w e e n   20  and  40  m i c r o n s ,  

t he   s a i d   f i r s t   l a y e r   (4)  b e i n g   c o m p a c t e d   and  s u b s t a n t i a l l y  

f r e e   f rom  c r a c k s ,   m i c r o s c o p i c   c r a c k s   and  p o r o s i t y ,   a n d  

-  a  s e c o n d   e l e c t r o - d e p o s i t e d   l a y e r   (5)  of   h a r d  

ch rome   o v e r l y i n g   t h e   s a i d   f i r s t   l a y e r   (4)  and  h a v i n g   a  

h a r d n e s s   of  a t   l e a s t   a b o u t   1000  HV  and  a  maximum  t h i c k -  

n e s s   of  a b o u t   1 . 2   mm,  t h e   s a i d   s e c o n d   l a y e r   (5)  h a v i n g  

a  p l u r a l i t y   of   m i c r o - c r a c k s   (6)  d i s p e r s e d   u n i f o r m l y  

w i t h i n   i t   and  h a v i n g   d i m e n s i o n s   l y i n g   b e t w e e n   5  and  3 0  

m i c r o n s   and  a  d i s t r i b u t i o n   f r e q u e n c y   in   t he   s a i d   s e c o n d  

l a y e r   of  a t   l e a s t   a b o u t   200  m i c r o - c r a c k e   p e r   l i n e a r   c m .  



6.  A  c o a t i n g   (3)  a c c o r d i n g   to  C l a i m   5,  c h a r a c t e r i s e d  

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

r e t a i n e d   in   t h e   s a i d   m i c r o - c r a c k s   ( 6 ) .  

7.  A  c o a t i n g   (3)  a c c o r d i n g   to  C l a i m   5  or   C l a i m   6 ,  

c h a r a c t e r i s e d   by  t he   f a c t   t h a t   i t   f u r t h e r   i n c l u d e s  

a  t h i r d   l a y e r   of   h a r d   c h r o m e   o v e r l y i n g   t h e   s a i d  

s e c o n d   l a y e r   (5)  and  h a v i n g   a  h a r d n e s s   l y i n g   b e t w e e n  

a b o u t   650  and  800  HV,  h a v i n g   a  t h i c k n e s s   s u c h   as  t o  

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

s a i d   h e a t   e n g i n e s .  

8.  A  c o a t i n g   (3)  a c c o r d i n g   to   C l a i m   6  c h a r a c t e r i s e d  

by  t h e   f a c t   t h a t   i t   h a s   b e e n   o b t a i n e d   by  t h e   p r o c e s s  

a c c o r d i n g   to  any  of  C l a i m s   f rom  1  to  4 .  
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