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@  Method  of  producing  conversion  coatings. 

@  Corrosion  resistant  conversion  coatings  can  be  deposit- 
ed  on  a  metal,  especially,  zinc,  tin,  cadmium,  iron,  steel,  mag- 
nesium,  copper,  nickel,  silver  or  aluminium  or  their  alloys,  sub- 
strate  by  contacting  the  substrate  with  an  aqueous  solution 
containing  Fe",  Fe"',  Ni"  or  especially  Cr'"  ions  and  an  oxidizing 
agent.  The  solution  is  either  dilute,  less  than  0.1  M,  in  respect 
of  the  ions  and/or  contains  a  weak  complexing  agent  for  the 
ions.  Especially  good  corrosion  resistance  notably  on  Zn  e.g. 
galvanized  steel,  substrates  is  obtained  by  including  boric  acid 
in  the  solution.  The  coatings  are  preferably  baked  to  age  them 
and  may  subsequently  be  lacquered,  painted  or  laminated  to 
plastics  materials. 
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Corros ion   resistant  conversion  coatings  can  be  deposit- 
ed  on  a  metal,  especially,  zinc,  tin,  cadmium,  iron,  steel,  mag- 
nesium,  copper,  nickel,  silver  or  aluminium  or  their  alloys,  sub- 
strate  by  contacting  the  substrate  with  an  aqueous  solution 
containing  Fell,  FeIII,  Ni"  or  especially  CrIII  ions  and  an  oxidizing 
agent.  The  solution  is  either  dilute,  less  than  0.1  M,  in  respect 
of  the  ions  and/or  contains  a  weak  complexing  agent  for  the 
ions.  Especially  good  corrosion  resistance  notably  on  Zn  e.g. 
galvanized  steel,  substrates  is  obtained  by  including  boric  acid 
in  the  solution.  The  coatings  are  preferably  baked  to  age  them 
and  may  subsequently  be  lacquered,  painted  or  laminated  to 
plastics  materials. 



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

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

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

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

C h r o m i u m   c o n t a i n i n g   c o n v e r s i o n   c o a t i n g s   h a v e   b e e n  

d e p o s i t e d   u n d e r   a c i d   c o n d i t i o n s   f r o m   a  CrVI   s o l u t i o n  

c o n t a i n i n g   s u l p h u r i c   or   n i t r i c   a c i d s .   C o a t i n g s   d e p o s i t e d  

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

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

t e n d   to  be  s l i g h t l y   b l u e .   T h e s e   c o a t i n g s   c o n t a i n   C r V I  

and   a r e   a l s o   known  as  " c h r o m a t e "   c o a t i n g s .  

We  h a v e   p r e v i o u s l y   shown  in   B r i t i s h   P a L e n t  

S p e c i f i c a t i o n   No.  1 5 3 1 0 5 6   and   Wes t   Ge rman   O f f e n l e g u n g -  

s s c h r i f t   No.  P  28  22  463  t h a t   i t   i s   p o s s i b l e   t o  

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

c o n t a i n i n g   h y d r a t e d   t r i v a l e n t   c h r o m i u m   o x i d e s   f r o m   a  
C r I I I   e l e c t r o l y t e .  

To  o u r   s u r p r i s e ,   we  h a v e   now  d i s c o v e r e d   t h a t   n o n -  

m e t a l l i c   c o n v e r s i o n   c o a t i n g s   c o n t a i n i n g   C r I I I ,   , F e I I ,  

F e I I I   o r   N i I I   c an   be  o b t a i n e d   by  a  n o n - e l e c t r o l y t i c  

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

m e t a l   i o n s .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d   o f  



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

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

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

a r e   one   o r   more   of   C r I I I ,   F e I I ,   F e  I I I   o r   N i I I   i o n s   i n  

a  c o n c e n t r a t i o n   of   up  to   0 . 1   m o l a r   and   an  o x i d i z i n g  

a g e n t   to   d e p o l a r i z e   t h e   r e a c t i o n   t a k i n g   p l a c e   a t   t h e  

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

i s   d e p o s i t e d   on  t h e   s u r f a c e   of   t h e   s u b s t r a t e .  

In  a n o t h e r   a s p e c t ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s  

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

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

to   be  c o a t e d   w i t h   an  a q u e o u s   s o l u t i o n   c o m p r i s i n g   m e t a l  

i o n s   w h i c h   a r e   one  o r   more   of   C r I I I ,   F e I I ,   F e I I I   o r  

N i I I   i o n s ,   a  w e a k   c o m p l e x i n g   a g e n t   f o r   t h e   m e t a l   i o n s  

and   an  o x i d i z i n g   a g e n t   to  d e p o l a r i z e   t h e   s u r f a c e   of   t h e  

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

on  t h e   s u r f a c e   of   t h e   s u b s t r a t e .  

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

m e t h o d   o f   d e p o s i t i n g   a  C r I I I - c o n t a i n i n g   c o a t i n g   on  a  

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

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

c o m p r i s i n g   C r I I I   i o n s   i n   a  c o n c e n t r a t i o n   o f   up  to   0 . 1  

m o l a r   and   an  o x i d i z i n g   a g e n t   to   d e p o l a r i z e   t h e   r e a c t i o n  

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

c o a t e d .   More  p a r t i c u l a r l y ,   t h e   p r e s e n t   i n v e n t i o n   i n c l u d e s   a  

m e t h o d   of   d e p o s i t i n g   a  C r I I I - c o n t a i n i n g   c o a t i n g   on  a  

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

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

a  weak   c o m p l e x i n g   a g e n t   f o r   C r I I I   i o n s   and   an  o x i d i z i n g  

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



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

t h e   s u b s t r a t e .  

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

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

m e t h o d   of   c h r o m i t e   d e p o s i t i o n   d e s c r i b e d   in   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  1 5 3 1 0 5 6   and   Wes t   G e r m a n   O f f e n l e g u n g -  

s s c h r i f t   No.  P  28  22  4 6 3 .   T h u s ,   in   t h e   e l e c t r o l y t i c  

m e t h o d ,   t h e   s u b s t r a t e   to   be  c o a t e d   i s   made  to  be  t h e  

c a t h o d e   ( i . e .   i t   i s   n e g a t i v e l y   c h a r g e d )   a n d ,   in   t h e  

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

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

pH  a d j a c e n t   to   t h e   c a t h o d e .   The  r i s e   i n   pH  a t   t h e  

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

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

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

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

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

s u b s t r a t e ,   t h e   r e a c t i o n  

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

n+  is   t h e   o x i d a t i o n   s t a t e   of  t h e   M  i o n   w h i c h   p a s s e s  

i n t o   t h e   a q u e o u s   s o l u t i o n   in   c o n t a c t   w i t h   t h e   s u b s t r a t e .  

T h i s   o x i d a t i o n   r e a c t i o n   h o w e v e r   l i b e r a t e s   e l e c t r o n s  

w h i c h   p o l a r i z e   t h e   s u b s t r a t e .   The  a q u e o u s   s o l u t i o n  

c o m p r i s e s   t h e   m e t a l   i o n s   and  an  o x i d i z i n g   a g e n t ,   and   t h e  

l a t t e r   a c t s   to  d e p o l a r i z e   t h e   r e a c t i o n   o c c u r r i n g   a t   t h e  

s u r f a c e   of   t h e   s u b s t r a t e   w h i c h   c a u s e s   an  i n c r e a s e   in   t h e  

pH  of   t h e   a q u e o u s   s o l u t i o n   a d j a c e n t   to  t h e   s u b s t r a t e ,  

t h u s   l e a d i n g   to  t h e   p r e c i p i t a t i o n   and   d e p o s i t i o n   o n t o  

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



In  t h e   c a s e   w h e r e   no  w e a k   c o m p l e x i . n g   a g e n t   i s  

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

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

i n v e n t i o n   w i l l   g e n e r a l l y   be  0 . 0 0 2   m o l a r   ( a b o u t   0 . 1   g l - 1  

as  t h e   m e t a l   i o n ) .   B e l o w   t h i s   c o n c e n t r a t i o n ,   t h e  

r e a c t i o n   i s   t oo   s l o w   to  be  p r a c t i c a l .   F u r t h e r m o r e ,  

as  t h e   c o n c e n t r a t i o n   of   t h e   m e t a l   i o n s   d e c r e a s e s   b e l o w  

0 . 0 0 2   m o l a r ,   t h e   s o l u t i o n   b e c o m e s   i n c r e a s i n g l y   u n s t a b l e .  

Fo r   i n s t a n c e ,   i n   t h e   c a s e   of   C r I I I   - c o n t a i n i n g   s o l u t i o n s ,  

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

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

t h e   C r I I I   c o n c e n t r a t i o n   f a l l s   b e l o w   t h i s   v a l u e .   T h e  

maximum  c o n c e n t r a t i o n   of   t h e   m e t a l   i o n s   i s   0 . 1   m o l a r  

( a b o u t   5  g l - 1   as  t h e   m e t a l   i o n ) .   Above   t h i s   c o n c e n -  

t r a t i o n ,   t h e   c o a t i n g s   t e n d   to  be  p o w d e r y   and   n o n - a d h e r -  

e n t .   T y p i c a l l y ,   t h e   m e t h o d   w i l l   be  c a r r i e d   o u t   u s i n g  

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

f r o m   0 . 0 3   to  0 . 0 8   m o l a r   ( 1 . 5   to   4  g l - 1   as   t h e   m e t a l   i o n )  

and   p r e f e r a b l y   o f   f r o m   0 . 0 4   to   0 . 0 6   m o l a r   (2  to   3  g l - 1  

as  t h e   m e t a l   i o n )   a l t h o u g h   t h e   o p t i m u m   c o n c e n t r a t i o n  

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

e m p l o y e d .  

Much  h i g h e r   c o n c e n t r a t i o n s   o f   t h e   m e t a l   i o n s   c a n  

be  u s e d   i n   t h e   a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n   w h e r e  

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

m e t a l   i o n s ;   i n   s u c h   a  c a s e   t h e   c o n c e n t r a t i o n   of   t h e  

m e t a l   i o n s   w i l l   g e n e r a l l y   be  w i t h i n   t h e   r a n g e   of   f r o m  

0 . 0 0 2   to   0 . 8   m o l a r   ( 0 . 1   to   40  g l - 1   as  t h e   m e t a l   i o n ) .  

At  c o n c e n t r a t i o n s   b e l o w   0 . 0 0 2   m o l a r ,   t h e   r e a c t i o n   i s  

s l o w   as  in   t h e   c a s e   w h e r e   no  weak   c o m p l e x i n g   a g e n t   i s  



u s e d .   At  c o n c e n t r a t i o n s   of   t h e   m e t a l   i o n s   a b o v e   0 . 8  

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

b e c o m e s   so  r a p i d   t h a t   i t   t e n d s   to   be  n o n - s e l e c t i v e   g i v i n g  

r i s e   to   n o n - u n i f o r m   c o a t i n g s .   H o w e v e r ,   t h e r e   i s   n o  

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

i o n s   s i n c e   s a t i s f a c t o r y   c o a t i n g s   a r e   o b t a i n e d   u s i n g  

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

c o s t s   and   l o s s e s ,   s u c h   as  d r a g o u t   l o s s e s ,   a r e   a s s o c i a t e d  

w i t h   t h e   u s e   of   h i g h   c o n c e n t r a t i o n s   of   t h e   m e t a l   i o n s .  

T y p i c a l l y ,   when  a  weak   c o m p l e x i n g   a g e n t   i s   u s e d ,   t h e  

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

0 . 0 1   to  0 . 4   m o l a r   ( 0 . 5   to   20  g l - 1   as  t h e   m e t a l   i o n )  

and   p r e f e r a b l y   f r o m   0 . 0 4   to  0 .1   m o l a r   (2  to   5  g l  1   a s  

t h e   m e t a l   i o n )   a l t h o u g h   t h e   o p t i m u m   c o n c e n t r a t i o n   w i l l  

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

By  t h e   t e r m   " w e a k   c o m p l e x i n g   a g e n t "   we  mean   a  

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

w i t h   C r I I I ,   F e I I ,   F e  I I I   o r   N i I I   s u f f i c i e n t l y   s t r o n g   t o  

m a i n t a i n   a  s a l t   in   a q u e o u s   s o l u t i o n   a t   a  c o n c e n t r a t i o n  

of   0 . 1   m o l a r   w i t h   t h e   m e t a l   i o n   to   weak   c o m p l e x i n g  

a g e n t   m o l a r   r a t i o   of   2 :1   a t   a  pH  of   6 . 0   b u t   n o t   a t   a  

pH  of   9 . 0 .  

W i t h i n   t h e   d e f i n i t i o n   t h e   p a r t i c u l a r   n a t u r e   o f  

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

M a t e r i a l s   s u i t a b l e   f o r   u s e   as  t h e   weak   c o m p l e x i n g   a g e n t  

i n c l u d e   h y p o p h o s p h i t e   i o n s   ( f o r   C r I I I   i o n s   o n l y ) ,  

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

g l y c o l l a t e   i o n s ,   w i t h   h y p o p h o s p h i t e   i o n s   ( f o r   C r I I I  

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

A l t h o u g h   g l y c i n e ,   g l y c o l l a t e   i o n s   and   c i t r a t e   i o n s   a r e  



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

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

d e s i r e d .   When  u s e d ,   t h e   weak   c o m p l e x i n g   a g e n t   w i l l  

g e n e r a l l y   be  p r e s e n t   s u c h   t h a t   t h e   m o l a r   r a t i o   o f   w e a k  

c o m p l e x i n g   a g e n t   to   t h e   m e t a l   i o n s   w i l l   be  i n   t h e   r a n g e  

of   f r o m   1 : 1 0   to  1 0 : 1 ,   p r e f e r a b l y   f r o m   0 . 3 : 1   to   2 : 1  

o p t i m a l l y   f r o m   0 . 5 : 1   to   2 : 1 .  

The  o x i d i z i n g   a g e n t   i s   u s e d   i n   t h e   p r e s e n t  

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

t h e   s u b s t r a t e .   In  t h e   a b s e n c e   of   an  o x i d i z i n g   a g e n t ,  

t h e   low  a c i d i t y   of   t h e   s o l u t i o n   c a u s e s   t h e   m e t a l  

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

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

c o h e r e n t   p r o t e c t i v e   f i l m s .   The  u s e   of   t h e   o x i d i z i n g  

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

n o t   r p q u i r e   t h e   p r e s e n c e   o f  h i g h   c o n c e n t r a t i o n s   o f  

h y d r o g e n   i o n s   to   p r o m o t e   t h e   d i s s o l u t i o n   and   d e p o s i t i o n  

r e a c t i o n s .   The  mode  o f   a c t i o n   o f   t h e   o x i d i z i n g   a g e n t  

c a u s e s   a  r i s e   in   t h e   pH  of   t h e   f i l m   of   t h e   s o l u t i o n  

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

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

s u b s t r a t e   s u r f a c e   f o r m i n g   a  c o h e r e n t   c o n v e r s i o n   c o a t i n g .  

In   o r d e r   to   d e p o l a r i z e   t h e   s u r f a c e   of   t h e   s u b s t r a t e ,  

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

be  more   p o s i t i v e   t h a n   t h a t   of   M/Mn+,  i . e .   t h e   o x i d i z i n g  

a g e n t   m u s t   be  a b l e   to   o x i d i z e   M  to  Mn+,  w h e r e   M  i s   t h e  

m e t a l   of   t h e   s u b s t r a t e   s u r f a c e   and   n+  i s   t h e   o x i d a t i o n  

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

s u b s t r a t e .   F u r t h e r m o r e ,   to  be  u s e f u l   in   t h e   p r e s e n t  

i n v e n t i o n ,   t h e   o x i d i z i n g   a g e n t   s h o u l d   be  s t a b l e   to   a c i d  



and  s h o u l d   be  o x i d i z i n g   u n d e r   a l k a l i n e   c o n d i t i o n s .  

F u r t h e r m o r e ,   t h e   o x i d i z i n g   a g e n t   s h o u l d   n o t   a t t a c k   t h e  

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

S u i t a b l e   o x i d i z i n g   a g e n t s   i n c l u d e   H202,   i n o r g a n i c  

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

f u r n i s h   h y d r o g e n   p e r o x i d e ,   and  n i t r a t e   i o n s .   E x a m p l e s  

of   p e r o x y   a n i o n s   i n c l u d e   p e r s u l p h a t e s   and  p e r b o r a t e s .  

E x a m p l e s   of  s o u r c e s   of  n i t r a t e   i o n s   i n c l u d e   s o d i u m  

n i t r a t e   and  p o t a s s i u m   n i t r a t e .   P r e f e r a b l y ,   t h e  

o x i d i z i n g   a g e n t   i s   h y d r o g e n   p e r o x i d e   or   s o d i u m   n i t r a t e .  

G e n e r a l l y ,   t h e   o x i d i z i n g   a g e n t   i s   p r e s e n t   in   t h e   s o l u t i o n  

in  an  a m o u n t   of   f r o m   0 . 2 5   to  20  g l - 1   s i n c e   a t  

c o n c e n t r a t i o n s   of  l e s s   t h a n   a b o u t   0 . 2 5   g l - 1   t h e   r e a c t i o n  

i s   r a t h e r   s l ow   and  a t   c o n c e n t r a t i o n s   a b o v e   20  g l  

t h e   r e a c t i o n   t e n d s   to  b e c o m e   so  r a p i d   t h a t   t h e   m e t a l  

s u b s t r a t e   d i s s o l v e s   q u i c k l y   and  t h e   d e p o s i t i o n   of   t h e  

c h r o m i t e   i s   n o t   u n i f o r m .   T y p i c a l l y   t h e   c o n c e n t r a t i o n  

of  t h e   o x i d i z i n g   a g e n t   w i l l   be  f rom  2  to  12  g l  1 ,   a n d  

m o s t   p r e f e r a b l y   f r o m   5  to  8  g l - 1   a l t h o u g h   t h e   o p t i m u m  

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

s u b s t r a t e   and  t h e   m e t a l   i on   u s e d   and  t h e   r e a c t i o n  

c o n d i t i o n s   s u c h   as  pH,  t e m p e r a t u r e   and   t h e   c o n c e n t r a t i o n  

of  t h e   m e t a l   i o n s .   When  a  p e r o x i d e   i s   u s e d ,   i t   may  b e  

p r e f e r r e d   to  add  one  or   more   f u r t h e r   m a t e r i a l s   t o  

s t a b i l i z e   t h e   p e r o x y   a n i o n .   Such  m a t e r i a l s   a r e   g e n e r a l l y  

known  in  t h e   a r t   and  i n c l u d e   e . g .   a c e t a t e   i o n s .   A 

s t a b i l i z e r ,   when  u s e d   h o w e v e r ,   mus t   s a t i s f y   t h e   c r i t e r i o n  

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

t h e   s o l u t i o n .  



A n o t h e r   o x i d i z i n g   a g e n t   s u i t a b l e   f o r   u s e   in   t h e  

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

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

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

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

in   t h e   p r e s e n c e   of  F e I I ,   F e I I I   and   N i I I   i o n s .  

F e r r i c y a n i d e ,   h o w e v e r ,   d o e s   h a v e   t h e   a d v a n t a g e   of   b e i n g  

r e g e n e r a b l e .   In  t h e   o x i d a t i o n   r e a c t i o n ,   f e r r i c y a n i d e   i s  

r e d u c e d   to  f e r r o c y a n i d e .   T h i s   f e r r o c y a n i d e   c a n   b e  

s u b s e q u e n t l y   o x i d i z e d   by  a d d i n g ,   to  t h e   s o l u t i o n ,   a  

s u i t a b l e   o x i d i z i n g   a g e n t ,   s u c h   as  h y d r o g e n   p e r o x i d e ,   t o  

r e g e n e r a t e   t h e   f e r r i c y a n i d e .   When  u s e d ,   t h e   f e r r i c y a n i d e  

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

of  f r o m   1  to  30  g l - 1 .   I t   may  be  c o n v e n i e n t l y   be  a d d e d   a s  

an  a l k a l i   m e t a l   or   t h e   ammonium  s a l t .  

The  s o u r c e   of   t h e   m e t a l   i o n s   ( C r I I I ,   F e I I   F e I I I  



and  N i I I )   u s e d   in   t h e   p r e s e n t   i n v e n t i o n   i s   n o t   c r i t i c a l ,  

p r o v i d e d   t h a t   t h e   a n i o n   in   t h e   s a l t   u s e d   d o e s   n o t  

i n t e r f e r e   w i t h   t h e   r e a c t i o n .   S u i t a b l e   s a l t s   i n c l u d e  

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

s u l p h a t e   and   n i c k e l   c h l o r i d e .  

The  p r e s e n c e   of   c h l o r i d e   i o n   in   t h e   s o l u t i o n   h a s  

a  b e n e f i c i a l   e f f e c t ,   g i v i n g   a  more   u n i f o r m   c o n v e r s i o n  

c o a t i n g ,   and  c h l o r i d e   i o n s ,   e . g .   f r om  N a C l ,   may  b e  

a d d e d   to  t h e   s o l u t i o n ,   i f   d e s i r e d .   G e n e r a l l y ,   t h e  

c o n c e n t r a t i o n   of  c h l o r i d e   i o n s   s h o u l d   be  w i t h i n   t h e  

r a n g e   of   f rom  0 . 2   m o l a r   up  to  t h e   s a t u r a t i o n   p o i n t   o f  

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

0 . 3   m o l a r   (10  g l - 1   as  C l - 1 ) .  

C o n v e r s i o n   c o a t i n g s   o b t a i n e d   by  t h e   m e t h o d   o f  

t h e   i n v e n t i o n   may  a l s o   c o n t a i n   o t h e r   i o n s   in   a d d i t i o n  

to  t h e   one  or   more   C r I I I ,   F e I I ,   F e I I I   and  N i   i o n s ,  

a l r e a d y   p r e s e n t .   Of  c o u r s e ,   t h e s e   a d d i t i o n a l   i o n s  

s h o u l d   n o t   h a v e   a d v e r s e   e f f e c t s   on  t h e   c o n v e r s i o n   c o a t -  

i n g s   or   i n t e r f e r e   w i t h   t h e   o t h e r   c o m p o n e n t s   in   t h e  

s y s t e m .   B e c a u s e   of   t h i s ,   CrVI  , N i I I I   and   h i g h   o x i d a t i o n  

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

to  c a r r y   o u t   t h e   m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n .   T h e  

s o l u t i o n s   may,  h o w e v e r ,   c o n t a i n   o t h e r   i o n s   w h i c h   do  n o t  

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

b u t   w h i c h   may  a c t u a l l y   a l t e r   or   e n h a n c e   t h e   p r o p e r t i e s  

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

one  or   more   of  Mg,  Al ,   Zn,  M n I I ,   T i I I I   and   T i I V   i o n s  

w h i c h   may  be  p r e s e n t   in   t h e   s o l u t i o n   a t   a  c o n c e n t r a t i o n  

of   0 . 1   to  5 . 0   g l - 1   ( a s   t h e   p a r t i c u l a r   i o n )   and  p r e f e r -  

a b l y   1  to  3  g l  .   The  r e s u l t i n g   c o n v e r s i o n   c o a t i n g s  



c o m p r i s e   a  m i x t u r e   of  h y d r a t e d   o x i d e s .  

As  f a r   as  t h e   p r e s e n t   i n v e n t i o n   i s   c o n c e r n e d ,   t h e  

t e r m   h y d r a t e d   m e t a l   o x i d e s   i s   u s e d   to   mean  one  o r   m o r e  

o x i d e s ,   h y d r o x i d e s   and   h y d r o u s   o x i d e s   of  t h e   p a r t i c u l a r  

m e t a l   c o n c e r n e d .  

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

to  t h e   i n v e n t i o n   i n c l u d e   z i n c   ( i n c l u d i n g  z i n c - g a l v a n i z e d  
t i n   ( i n c l u d i n g   t i n   p l a t e d   s t e e l ; ,  

s t e e l ) , / c a d m i u m ,   i r o n ,   s t e e l ,   in   p a r t i c u l a r   s t a i n l e s s  

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

m e t a l s .   The  m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n   may  a l s o  

be  u s e d   to  d e p o s i t   a  p r o t e c t i v e   c o a t i n g   on  a l u m i n i u m .  

In   r e f e r r i n g   to  a l u m i n i u m   we  i n c l u d e   a l l o y s   of   a l u m i n i u m .  

A l u m i n i u m   i s   g e n e r a l l y   r e s i s t a n t   to  c o r r o s i o n   b e c a u s e   a  

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

s u r f a c e .   A l u m i n i u m   i s   f i n d i n g   i n c r e a s i n g l y   w i d e r  

a p p l i c a t i o n s   in   w h i c h   the  s u r f a c e   of   t h e   m e t a l   i s   to   b e  

s u b s e q u e n t l y   p a i n t e d ,   l a c q u e r e d   or   l a m i n a t e d   to  p l a s t i c s .  

In  s u c h   a p p l i c a t i o n s   i t   h a s   b e e n   f o u n d   t h a t   t h e   o x i d e  

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

p a i n t   o r   l a c q u e r   to  a d h e r e   s t r o n g l y .   C o n t r a r y   to  t h i s ,  

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

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

t h e   a d h e s i o n   of   p a i n t   or   l a c q u e r   f i l m s .   F u r t h e r m o r e ,  

c o a t i n g   a l u m i n i u m   w i t h   a  c o n v e r s i o n   c o a t i n g   i s   a  

g e n e r a l l y   q u i c k e r   and  c h e a p e r   p r o c e s s   t h a n   t h e   u s u a l  

a n o d i z i n g   p r o c e s s .   In  o r d e r   to  c o a t   a l u m i n i u m   w i t h   a  

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

to  r e m o v e   t h e   n a t u r a l   o x i d e   f i l m   f r o m   t h e   a l u m i n i u m  

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

d e p o s i t e d .   The  m e t h o d   of   t h e   p r e s e n t   i n v e n t i o n   i s  



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

c o a t i n g   on  an  a l u m i n i u m   s u r f a c e   w h e r e i n   t h e   r e a c t i o n  

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

n a t u r a l   a l u m i n i u m   o x i d e   f i l m .   Such   m a t e r i a l s   s h o u l d   n o t  

i n t e r f e r e   w i t h   o t h e r   m a t e r i a l s   in   t h e   s o l u t i o n .   A 

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

a l u m i n i u m   o x i d e   f i l m   to  g i v e   w a t e r - s o l u b l e   f l u o r o a l u m -  

i n a t e .   I f   f l u o r i d e   i o n s   a r e   n o t   a l r e a d y   p r e s e n t   in   t h e  

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

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

f l u o r i d e   ( o r   a  m a t e r i a l   w h i c h   f u r n i s h e s   f l u o r i d e   i o n s  

in   s o l u t i o n ,   s u c h   as  f l u o r o b o r a t e s   and   f l u o r o s i l i c a t e s ) .  

G e n e r a l l y ,   t h e   c o n c e n t r a t i o n   of  f l u o r i d e   in   t h e   s o l u t i o n  

w i l l   be  in   t he   r a n g e   of  f r o m   1  to  20  g l  1 ,   o p t i o n a l l y  

f r o m   3  to  8  g l  1   ( e x p r e s s e d   as  NaF)  when  a d d e d   as  a  

s i m p l e   s a l t   and  f r o m   3  to  15  g l - 1   ( a s   f l u o r o s i l i c a t e )  

when  a d d e d   as  a  c o m p l e x   s a l t .  

An  a l t e r n a t i v e   m e t h o d   of  r e m o v i n g   any   a l u m i n i u m  

o x i d e   f i l m   f r o m   t h e   s u r f a c e   of  an  a l u m i n i u m   or  a l u m i n i u m  

a l l o y   s u b s t r a t e   i s   to  c o n t a c t ,   p r e f e r a b l y   by  i m m e r s i o n ,  

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

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

T h i s   can   be  a c h i e v e d   c o n v e n i e n t l y   by  i m m e r s i n g   t h e  

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

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

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

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

s o l u t i o n .   Of  c o u r s e ,   i t   may  be  d e s i r e d   to  p r e t r e a t   a n  

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

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

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

r e - o x i d i z i n g .   T e c h n i q u e s   f u r   d o i n g   t h i s   a r e   g e n e r a l l y  



w e l l   k n o w n ,   s u c h   as  s t o r a g e   u n d e r   N 2 .  

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

w i l l   n o r m a l l y   be  a t   a m b i e n t   t e m p e r a t u r e ,   s i n c e   s a t i s f a c t o r y  

c o a t i n g s   a r e   o b t a i n e d   a t   t h i s   t e m p e r a t u r e .   H o w e v e r ,   h i g h e r  

s o l u t i o n   t e m p e r a t u r e s   may  be  e m p l o y e d ,   i f   d e s i r e d .   In   t h e  

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

t e m p e r a t u r e   s h o u l d ,   i n   g e n e r a l ,   n o t   be  a b o v e   a b o u t   5 0 ° C  

s i n c e   a b o v e   t h i s   t e m p e r a t u r e   t h e   r e a c t i o n   may  b e c o m e   r a p i d  

and  d e p o s i t i o n   n o n - u n i f o r m .   When  t h e   s o l u t i o n   c o n t a i n s   a  

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

as  up  to  a b o u t   8 0  C ,   c a n   be  t o l e r a t e d .   H o w e v e r ,   a t   t h e s e  

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

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

of   m e t a l   s u b s t r a t e  



and  d e p o s i t i o n   of   n o n - u n i f o r m ,   p o o r   q u a l i t y   f i l m s .  

H o w e v e r ,   when  a  weak   c o m p l e x i n g   a g e n t   i s   p r e s e n t ,  

t y p i c a l l y   the  t e m p e r a t u r e   w i l l   n o t   be  a l l o w e d   to  r i s e  

a b o v e   6 0 ° C .  

The  pH  of  t h e   s o l u t i o n   i s   m o d e r a t e l y   a c i d   in   t h e  

r a n g e   of   f rom  1  to  7.  The  c h o i c e   of   pH  in   any   p a r t i c u l a r  

c a s e   w i l l   d e p e n d   on  t h e   m e t a l   in   s o l u t i o n   a n d ,   to  a  

m i n o r   e x t e n t ,   t h e   n a t u r e   of   t h e   s u b s t r a t e .   T y p i c a l  

and  o p t i m u m   pH  r a n g e s   a r e   s e t   o u t   in   t h e   t a b l e s  A   a n d  

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

weak   c o m p l e x i n g   a g e n t .  

A.  S o l u t i o n s   n o t   c o n t a i n i n g   a  Weak  C o m p l . e x a n t  

B.  S o l u t i o n   c o n t a i n i n g   a  Weak  C o m p l e x a n t  



I t   h a s   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   c o n v e r s i o n  

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

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

in  a d d i t i o n   to  t h e   a b o v e - d e s c r i b e d   c o m p o n e n t s .   F o r  

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

s u b s t r a t e   i s   i n t e n d e d   f o r   u s e   in   a  c o r r o s i v e   e n v i r o n m e n t  

eg  m a r i n e   a p p l i c a t i o n s ,   t h e   i m p r o v e m e n t   in   c o r r o s i o n  

r e s i s t a n c e   a f f o r d e d   by  t h e   u s e   of   b o r i c   a c i d   may  be  o f  

g r e a t   i m p o r t a n c e .   S i n c e   c o a t i n g s   p r o d u c e d   f r o m   b o r i c  

a c i d - c o n t a i n i n g   s o l u t i o n s   t e n d   to  be  o p a q u e ,   or   a t   l e a s t  

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

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

i n s t a n c e   on  o r n a m e n t a l   s i l v e r w a r e .  

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

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

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

g i v e n   t r e a t m e n t   t i m e .   A l t h o u g h ,   t h e   m e c h a n i s m   by  w h i c h  

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

m a j o r   c o n t r i b u t i o n   to  t h i s   e f f e c t   i s   made  by  t h e   p o w e r  

of  t h e   b o r i c   a c i d   p r e s e n t   in   s o l u t i o n   to  a c t   as  a  pH  

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

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

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

The  b u f f e r i n g   p o w e r   of   b o r i c   a c i d   in   a q u e o u s   s o l u t i o n s   i s  

a t   a  maximum  in  t h e   r a n g e   of  pH  4  to   6  and   i t   i s   i n   t h i s  

pH  r a n g e   t h a t   t h e   b e s t   r e s u l t s   m i g h t   be  e x p e c t e d .   T h u s  

i t   can   be  s e e n   t h a t   t h e   t y p i c a l   and  o p t i m u m   pH  r a n g e s  

l i s t e d   in   T a b l e s   A  and  B  a b o v e   do  n o t ,   in   m o s t   c a s e s ,  

a p p l y   to  s o l u t i o n s   c o n t a i n i n g   b o r i c   a c i d .  



The  i n c r e a s e   in   c o r r o s i o n   r e s i s t a n c e   of  c o n v e r s i o n  

c o a t i n g s   d e p o s i t e d   f rom  b o r i c   a c i d - c o n t a i n i n g   s o l u t i o n s  

is   t h o u g h t   to  be  p a r t l y   due  to  t h e   f a c t   t h a t   c e r t a i n  

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

d u r i n g   d e p o s i t i o n . I n   a  s o l u t i o n   c o n t a i n i n g   a l u m i n i u m   o r  

t i t a n i u m   i o n s ,   h a r d ,   r e s i s t a n t   a l u m i n o b o r a t e s   o r  

t i t a n o b o r a t e s   may  be  f o r m e d   and  o c c l u d e d   i n t o   t h e   c o n v e r s i o n  

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

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

when ,   d u r i n g   u s e ,   t h e   c o n v e r s i o n   c o a t i n g   i s   in   c o n t a c t  

w i t h   a  c o r r o s i v e   a q u e o u s   s o l u t i o n   t h e   b o r a t e s ,   by  t h e i r  

b u f f e r i n g   a c t i o n ,   t e n d   to  " c h o k e "   any  g a l v a n i c   r e a c t i o n  

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

s u r f a c e   of   a  c o a t e d   s u b s t r a t e .  

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

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

c o n c e n t r a t i o n   in   t h e   r a n g e   of  f rom  1  to  40  g l  1 ,  

p r e f e r a b l y   f rom  5  to  25  g l - 1 .  

When  i t   is   d e s i r e d   to  c o a t   a l u m i n i u m   or   a l u m i n i u m -  

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

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

f l u o r i d e   i o n s .   As  d e s c r i b e d   a b o v e ,   f l u o r i d e   i o n s   a r e  

e s p e c i a l l y   u s e f u l   f o r   d i s s o l v i n g   away  o x i d e   f i l m s   f o r m e d  

on  a l u m i n i u m   s u r f a c e s .   U n f o r t u n a t e l y ,   f r e e   f l u o r i d e   i o n s  

r e a c t   w i t h   t h e   b o r i c   a c i d ,   and  t h e   b o r a t e   i o n s   d e r i v e d  

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

u l t i m a t e l y ,   b o r o n   t e t r a f l u o r i d e   i o n s .   The  p r o b l e m   c a n ,  

to  some  e x t e n t ,   be  a v o i d e d   by  a d d i n g   b o r i c   a c i d   a n d  

s u f f i c i e n t   f l u o r o b o r a t e   to  e n s u r e   a d e q u a t e   c o n c e n t r a t i o n   o f  

f l u o r i d e   i o n s .   A l t e r n a t i v e l y ,   i n s t e a d   of  a d d i n g   f r e e  

f l u o r i d e   i o n s   d i r e c t l y   to  t he   b o r i c   a c i d - c o n t a i n i n g  



s o l u t i o n ,   one  can   add   a  m a t e r i a l   s u c h   as  a  f l u o r o s i l i c a t e  

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

s l o w   and  c o n t r o l l e d   m a n n e r .   P r e f e r a b l y ,   t h e   r i s k   of   a  

" m o p p i n g - u p "   r e a c t i o n   b e t w e e n   f l u o r i d e   i o n   and  b o r i c  

a c i d   i s   r e m o v e d   by  p r e t r e a t i n g   an  a l u m i n i u m   s u r f a c e   t o  

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

away  t h e   o x i d e   f i l m   and  t h e n   t r a n s f e r r i n g   t h e   t r e a t e d  

a l u m i n i u m   s u r f a c e   to  t h e   c o a t i n g   s o l u t i o n .   U s u a l l y  

t h e   p r e t r e a t e d   a l u m i n i u m   s u r f a c e   w i l l   be  t r a n s f e r r e d  

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

r i n s i n g .  

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

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

of   o n l y   a  few  s e c o n d s   w i l l   be  s u f f i c i e n t   to   g i v e   a  f i l m  

on  t h e   s u b s t r a t e .   In  g e n e r a l ,   t h e   p e r i o d   of   t i m e   o f  

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

w h i c h ,   i n   t u r n ,   w i l l   d e p e n d   on  how  t h e   c o a t e d   s u b s t r a t e  

w i l l   be  u s e d .   T y p i c a l l y ,   t h e   p e r i o d   of   t i m e   f o r   w h i c h  

t h e   s u b s t r a t e   i s   in   c o n t a c t   w i t h   t h e   r e a c t i o n   s o l u t i o n  

w i l l   be  f rom  5  s e c o n d s   to  20  m i n u t e s ,   and   more   u s u a l l y  

f rom  30  s e c o n d s   to  5  m i n u c e s .  

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

c a r r i e d   o u t   e i t h e r   on  a  b a t c h   w i s e   or   a  c o n t i n u o u s  

b a s i s .   Many  e x i s t i n g   c o m m e r c i a l   p r a c t i c e s   f o r  

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

m a x i m i s e   t h e   t h r o u g h p u t   of  w o r k   and  t h e   p r e s e n t   i n v e n t i o n  

i s   p a r t i c u l a r l y   s u i t e d   to  a  " n o - r i n s e "   s y s t e m ,   in   w h i c h  

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

s h e e t ,   i s   i m m e r s e d   in   t h e   t r e a t m e n t   b a t h   f o r   a  p e r i o d  

s u c h   as  3  to  15  s e c o n d s .   A f t e r   t h e   r e - e m e r g e n c e   of  t h e  



s u b s t r a t e   f rom  t h e   t r e a t m e n t   b a t h ,   t he   t r e a t m e n t   s o l u t i o n  

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

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

w i t h   t h e   m e t a l   s u r f a c e   u n t i l   i t   d r i e d .   By  t h i s   m e t h o d  

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

i m m e r s i o n   t i m e s   c an   be  p r o d u c e d .  

I t   i s   w i t h i n   t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n  

t h a t   a  s u b s t r a t e   to  be  c o a t e d   i s   n o t   i m m e r s e d   in   t h e  

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

s o l u t i o n   w h i c h   t h e n   r e a c t s   w i t h   t h e   m e t a l   s u b s t r a t e  

s u r f a c e .  

F r e s h l y   d e p o s i t e d   f i l m s   a r e   s o f t   and   c an   be  r e m o v e d  

f rom  t h e   s u b s t r a t e   by  m i l d   a b r a s i o n .   The  f i l m s   c a n ,  

h o w e v e r ,   be  h a r d e n e d   and  made  more   r e s i s t a n t   to  m e c h a n i c a l  

a b r a s i o n   by  a i r   d r y i n g ,   u s u a l l y   f o r   n o t   l e s s   t h a n   24  h o u r s .  

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

o v e n   a t   t e m p e r a t u r e s   of  g r e a t e r   t h a n   a b o u t   40  C   f o r   n o t  

l e s s   t h a n   h a l f   an  h o u r ,   p r e f e r a b l y   1 0 0  -   110°C  f o r   a b o u t  

one  h o u r .   I t   i s   i m p o r t a n t ,   h o w e v e r ,   t h a t   t h e   d r y i n g  

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

c o a t i n g .  

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

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

d e w a t e r i n g   f l u i d .   The  u s e   of  d e w a t e r i n g   f l u i d s   i s   g e n e r a l l y  

w e l l   known .   The  s o l u t i o n s   of   t h e   p r e s e n t   i n v e n t i o n   a r e  

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

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

be  u s e d   as  an  a l t e r n a t i v e   to  r i n s i n g   a f t e r   i m m e r s i o n   i n   t h e  

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

t h e   u s e   of  d e w a t e r i n g   f l u i d s   i n s t e a d   of  r i n s i n g   i s   t h a t  

no  d r a g   o u t   of   c o n v e r s i o n   c o a t i n g   s o l u t i o n   r e s u l t s   a n d  

e f f l u e n t   t r e a t m e n t   p r o b l e m s   a r e   r e m o v e d   or   s u b s t a n t i a l l y  



r e d u c e d .   D e w a t e r i n g   f l u i d s ,   a d d i t i o n a l l y   c o n t a i n i n g  

c o r r o s i o n   i n h i b i t o r s   or  w a x e s ,   can   be  u s e d   to  i m p r o v e   t h e  

c o r r o s i o n   r e s i s t a n c e   of  t h e   c o a t i n g   s i n c e   on  e v a p o r a t i o n  

of   t h e   d e w a t e r i n g   f l u i d   t h e   c o r r o s i o n   i n h i b i t o r   or   w a x  

r e m a i n s   on  t h e   s u r f a c e   of  t h e   s p e c i m e n .   D e w a t e r i n g  

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

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

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

w a t e r   f r o m   t h e   s u r f a c e   of  t h e   c o a t e d   m e t a l   s u b s t r a t e .  

Fo r   t h i s   r e a s o n   t h e   s u r f a c t a n t   w i l l   h a v e   a  low  s o l u b i l i t y  

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

a l i p h a t i c   g r o u p s .   The  s o l v e n t   i s   t y p i c a l l y   " w h i t e  

s p i r i t " ,  

k e r o s e n e   or   a  l i g h t   m i n e r a l   o i l .   C o r r o s i o n   i n h i b i t o r s  

f o r   z i n c   c an   be  2 , 5   d i m e r c a p t o - t h i a d i a z o l e ,   d i t h i o -  

o x a m i d e   and   s e v e r a l   o t h e r   c o m p o u n d s   w e l l   known  in   t h e  

a r t .  

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

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

p r e s e n t   i n v e n t i o n   to  be  c a r r i e d   o u t   on  a  c o n t i n u o u s ,   a s  

w e l l   as  a  b a t c h - w i s e ,   b a s i s .   Fo r   i n s t a n c e ,   a  c o n t i n u o u s  

m e t a l   t a p e   or  s t r i p   may  be  d r a w n   t h r o u g h   a  v a t   c o n t a i n i n g  

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

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

h a s   t h e   d e s i r e d   t h i c k n e s s   of  f i l m .  

The  c o n d i t i o n s   e m p l o y e d   in   t h e   m e t h o d   of  t h e   p r e s e n t  

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



c o a t i n g s   h a v i n g   a  t h i c k n e s s   of  f rom  0 . 0 1   to  5  pm  m a y  

be  o b t a i n e d .   Of  c o u r s e ,   t h e   t h i c k n e s s   of   t h e   c o a t i n g  

w i l l   be  d e t e r m i n e d   by  i t s   i n t e n d e d   p u r p o s e   and   t h e  

i n t e n d e d   u s e   of  t h e   c o a t e d   s u b s t r a t e .   T h u s ,   f o r   m o s t  

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

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

f rom  c o r r o s i o n ,   g e n e r a l l y   a  t h i c k n e s s   of   f r o m   1  to   5  pm 

w i l l   be  d e s i r e d .   I t   may  be  d e s i r a b l e   to  p r o v i d e  

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

w h i c h   w i l l   p r o t e c t   t h e   s i l v e r   s u r f a c e   f rom  c o r r o s i o n  

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

be  t r e a t e d   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   p r e f -  

e r a b l y   u s i n g   a  C r I I I  -   c o n t a i n i n g   s o l u t i o n   t o g e t h e r  

w i t h   p e r o x i d e   as  o x i d i z i n g   a g e n t   to  p r o v i d e   t hem  w i t h  

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

w h i c h   i s   g e n e r a l l y   a b o u t   0 . 0 5   µm.  I f   a  c o n v e r s i o n  

c o a t i n g   i s   to  be  d e p o s i t e d   as  a  " k e y "   l a y e r   o n t o   a  

s u b s t r a t e   in   o r d e r   to  e n h a n c e   t h e   a d h e s i o n   of   s u b -  

s e q u e n t   p a i n t   or   l a c q u e r   f i l m s ,   a  c o n v e r s i o n   c o a t i n g  

t h i c k n e s s   of   f rom  0 . 1   to  1 . 0   µ m  i s   a c c e p t a b l e   f o r   m o s t  

a p p l i c a t i o n s .  

U s u a l l y ,   i t   w i l l   be  p r e f e r r e d   to  make  up  a  c o n -  

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

c o m p o n e n t s   e x c e p t   t h e   o x i d i z i n g   a g e n t .   Such   a  c o n -  

c e n t r a t e   c an   be  s t o r e d   a n d ,   when  r e q u i r e d   f o r   u s e ,   c a n  

be  d i l u t e d   as  d e s i r e d   f o l l o w e d   by  t h e   a d d i t i o n   of   t h e  

o x i d i z i n g   a g e n t .   T h i s   p r a c t i c e   i s   p a r t i c u l a r l y  

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

a r e   u s e d   as  t h e   o x i d i z i n g   a g e n t   s i n c e   p e r o x i d e s   t e n d  



to   be  u n s t a b l e   when   s t o r e d   i n   t h e   p r e s e n c e   of   h e a v y  

m e t a l   i o n s   s u c h   as  C r I I I   i o n s .   T y p i c a l l y ,   a  C r I I I  

c o n t a i n i n g   c o n c e n t r a t e   w o u l d   c o n t a i n   C r I I I   in   a  c o n -  

c e n t r a t i o n   of   f r o m   40  to  50  g l - 1   as  C r I I I .  

The  c o n v e r s i o n   c o a t i n g s   o b t a i n e d   by  t h e   m e t h o d   o f  

t h e   i n v e n t i o n   may  s e r v e   as  p r i m e r   c o a t i n g s   f o r   s u b s e q u e n t  

c o a t i n g s   of   p a i n t   or   l a c q u e r .   In   p a r t i c u l a r ,   a  c h r o m i t e  

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

c o a t i n g .   M o r e o v e r ,   t h e   c o n v e r s i o n   c o a t i n g   p r o v i d e s  

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

u n d e r - f i l m   c o r r o s i o n   of   s u b s t r a t e   m e t a l .   The  c o a t i n g s  

may  a l s o   be  u s e d   to   k e y   l a y e r s   o f   p l a s t i c s   m a t e r i a l s  

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

The  i n v e n t i o n   w i l l   be  i l l u s t r a t e d   by  t h e   f o l l o w i n g  

E x a m p l e s .   C h r o m e t a n   i s   a  c o m m e r c i a l l y   a v a i l a b l e   b a s i c  

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

f o r m u l a   3 N a 2 S O 4 . 2 C r 2 ( S O 4 ) 3 . C r 2 O 3 . n H 2 O   when   n  <  1   a n d  

w h i c h   y i e l d s   1  gl-1  c h r o m i c   i o n   p e r   6 . 2 5   g l  .   ASTM 

t e s t   No.  B  -   117  was  u s e d   in   t h e   n e u t r a l   s a l t   s p r a y  

t e s t .  

E x a m p l e   1 

A  s t e e l   p a n e l   was  e l e c t r o p l a t e d   w i t h   z i n c   f r o m   a  

b r i g h t   p l a t i n g   s o l u t i o n   to   a  t h i c k n e s s   of   1 0  p m .   A f t e r  

p l a t i n g ,   t h e   z i n c   p l a t e   was  b r i g h t e n e d   by  i m m e r s i o n   i n  

0 .1%  n i t r i c   a c i d   and  t h e n   d r i e d   a t   60  C   f o r   1  h o u r .  

The  p a n e l   was  e x p o s e d   to  5%  n e u t r a l   s a l t   s p r a y .  

D e t e r i o r a t i o n   was  e v i d e n t   a f t e r   1  h o u r   and   m a s s i v e   z i n c  

c o r r o s i o n   p r o d u c t s   ( w h i t e   r u s t )   w e r e   e v i d e n t   a f t e r   4  

h o u r s .  



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

in   t h e   same  way  and  t h e n   i m m e r s e d   in   a  s o l u t i o n   c o n -  

t a i n i n g   25  g l - 1   c h r o m e t a n   f o r   two  m i n u t e s   a t   a  t e m p e r a t u r e  

of   25°C  and  pH  3 . 0 .   The  p a n e l   was  r i n s e d   and  d r i e d   a t  

60°C  f o r   1  h o u r   and   t h e n   s a l t   s p r a y   t e s t e d   as  b e f o r e .  

R a p i d   c o r r o s i v e   a t t a c k   o c c u r e d .  

A  t h i r d   s t e e l   p a n e l   was  p r o c e s s e d   in   t h e   s a m e  

way  e x c e p t   t h a t   a f t e r   p l a t i n g   and  b r i g h t e n i n g ,   i t   w a s  

i m m e r s e d   f o r   two  m i n u t e s   in   a  s o l u t i o n   c o n t a i n i n g  

25  g l - 1   c h r o m e t a n   and  12  g l - 1   s o d i u m   h y p o p h o s p h i t e   a t  

a  t e m p e r a t u r e   of   25°C  and   pH  3 . 0 .   On  s a l t   s p r a y   t e s t i n g ,  

r a p i d   c o r r o s i o n   of   t h e   z i n c   o c c u r e d .  

A  f o u r t h   p a n e l   was  p r o c e s s e d   in   t h e   same  w a y  

e x c e p t   t h a t   a f t e r   p l a t i n g   and   b r i g h t e n i n g ,   t h e   p a n e l  

was  i m m e r s e d   f o r   two  m i n u t e s   in   a  s o l u t i o n   c o n t a i n i n g  

25  g l - 1   c h r o m e t a n ,   12  g l - 1   s o d i u m   h y p o p h o s p h i t e ,   8  g l - 1  

s o d i u m   n i t r a t e   pH  =  3 . 0 ,   temp  =  250C.   No  c o r r o s i o n   w a s  

e v i d e n t   a f t e r   24  h o u r s   of   s a l t   s p r a y   t e s t i n g .  

E x a m p l e   2 

A  s o l u t i o n   c o n t a i n i n g   240  g l - 1   c h r o m e t a n   and  1 2 0  

g l - 1   s o d i u m   h y p o p h o s p h i t e   was  p r e p a r e d .   A  p a s s i v a t i n g  

s o l u t i o n   was  p r e p a r e d   by  d i l u t i n g   1  p a r t   of   t h i s   c o n -  

c e n t r a t e   w i t h   9  p a r t s   of  w a t e r   and  a d d i n g   8 g l - 1   s o d i u m  

n i t r a t e .  

S t e e l   p a n e l s ,   z i n c   e l e c t r o p l a t e d   and  b r i g h t e n e d  

as  in   E x a m p l e   1,  w e r e   i m m e r s e d   in   t h i s   s o l u t i o n   f o r  

t i m e s   v a r y i n g   f r o m   10  s e c o n d s   to  20  m i n u t e s ,   a t   t e m p -  

e r a t u r e s   in   t h e   r a n g e   of  15°C  to  75°C  and   pH  v a l u e s   i n  

t h e   r a n g e   1 .0   to  4 . 5 .   A f t e r   d r y i n g   t h e   p a s s i v a t e d  

p a n e l s   w e r e   s a l t   s p r a y   t e s t e d .   A l l   p a n e l s   s u r v i v e d  



4  h o u r s   t e s t i n g   b u t   p a n e l s   p a s s i v a t e d   a t   pH  v a l u e s   b e l o w  

1 . 7 ,   t e m p e r a t u r e s   a b o v e   55°C  and  i m m e r s i o n   t i m e s   l e s s  

t h a n   20  s e c o n d s   b e g a n   to  c o r r o d e   a f t e r   24  h o u r s   o f  

t e s t i n g .   A l l   o t h e r   p a n e l s   s u r v i v e d   a t   l e a s t   30  h o u r s  

o f   t e s t i n g .  

E x a m p l e   3 

A  p a s s i v a t i n g   s o l u t i o n   was  p r e p a r e d   i n   t h e   s a m e  

way  as  i n   E x a m p l e   2,  e x c e p t   t h a t   t h e   s o d i u m   n i t r a t e  

was  o m i t t e d   and  12  ml  l - 1   of   h y d r o g e n   p e r o x i d e   (30%  w / v )  

a d d e d .   A  s t e e l   p a n e l   was  z i n c   p l a t e d   and   b r i g h t e n e d   a s  

in   E x a m p l e   1  and   t h e n   i m m e r s e d   f o r   2  m i n u t e s   i n   t h e  

p a s s i v a t i n g   s o l u t i o n   o p e r a t e d   a t   pH  =  3 . 0   and   t e m p -  

e r a t u r e   of   2 5  C .   T h e r e   was  no  c o r r o s i o n   o f   t h e   z i n c  

a f t e r   24  h o u r s   of   s a l t   s p r a y   t e s t i n g .  

E x a m p l e   4  

A  p a s s i v a t i n g   s o l u t i o n   was  p r e p a r e d   by  d i s s o l v i n g  

12  gl   
-1  

c h r o m e t a n   (=  2 . 0   g l - 1   c h r o m i c   i o n )   in   w a t e r  

and   a d d i n g   8  g l - 1   s o d i u m   n i t r a t e .   A  s t e e l   p a n e l ,   z i n c  

p l a t e d   and   b r i g h t e n e d   as  in   E x a m p l e   1,  was  i m m e r s e d   i n  

t h e   p a s s i v a t i n g   s o l u t i o n   f o r   4  m i n u t e s   a t   a  t e m p e r a t u r e  

of   250C  and   a  pH  3 . 0 .   No  c o r r o s i o n   was  e v i d e n t   a f t e r  

24  h o u r s   of   s a l t   s p r a y   t e s t i n g .  

E x a m p l e   5 

A  s t e e l   p a n e l   was  p l a t e d   w i t h   10  pm  of   z i n c   f r o m  

a  d u l l   a c i d   z i n c   p l a t i n g   s o l u t i o n   (  a  s o l u t i o n   t y p i c a l l y  

u s e d   f o r   e l e c t r o g a l v a n i z i n g ) .   The  z i n c   p l a t e   w a s  

p a s s i v a t e d   by  i m m e r s i o n   f o r   2  m i n u t e s   i n   a  s o l u t i o n  

c o n t a i n i n g   24  g l - 1   c h r o m e t a n ,   12  g l - 1   s o d i u m   h y p o p h o s p h i t e  

6  g l - 1   s o d i u m   n i t r a t e   a t   a  t e m p e r a t u r e   of   25°C  a n d  p H   3 . 0 .  

No  c o r r o s i o n   was  e v i d e n t   a f t e r   24  h o u r s   of   s a l t   s p r a y  

t e s t i n g .  



E x a m p l e   6 

A  s t e e l   p a n e l   z i n c   p l a t e d   and  b r i g h t e n e d   as  i n  

E x a m p l e   1  was  p a s s i v a t e d   by  i m m e r s i o n   f o r   2  m i n u t e s   i n  

a  s o l u t i o n   c o n t a i n i n g   24  g l - 1   c h r o m e t a n ,   10  g l - 1   s o d i u m  

f o r m a t e   and  8  g l - 1   s o d i u m   n i t r a t e ;   t h e   s o l u t i o n   w a s  

m a i n t a i n e d   a t   a  pH =   3 .0   and  t e m p e r a t u r e   of   25°C .   No 

c o r r o s i o n   was  e v i d e n t   a f t e r   24  h o u r s   of  s a l t   s p r a y  

t e s t i n g .  

E x a m p l e  7  

The  e x p e r i m e n t   of   E x a m p l e   6  was  r e p e a t e d   e x c e p t  

t h a t   t h e   p a s s i v a t i n g   s o l u t i o n   c o n t a i n e d  1 0   g l - 1   g l y c i n e  

i n s t e a d   of   s o d i u m   f o r m a t e .   No  c o r r o s i o n   was  e v i d e n t  

a f t e r   4  h o u r s   of   s a l t   s p r a y   t e s t i n g ,   b u t   t h e   p a n e l   w a s  

u n a c c e p t a b l y   c o r r o d e d   a f t e r   24  h o u r s   of   s a l t   s p r a y  

t e s t i n g .  

E x a m p l e   8 

A  s t e e l   p a n e l   was  c a d m i u m   p l a t e d   and   t h e n   p a s s i -  

v a t e d   by  i m m e r s i o n   f o r   2  m i n u t e s   i n   a  p a s s i v a t i n g  

s o l u t i o n   c o n t a i n i n g   24  g l - 1   c h r o m e t a n ,   12  g l - 1  s o d i u m  

h y p o p h o s p h i t e ,   8  g l - 1  s o d i u m   n i t r a t e   a t   a  t e m p e r a t u r e  

of  25°C  and  pH  3 . 0 .   T h i s   p a n e l   d i d   n o t   show  a n y  

c o r r o s i o n   a f t e r   24  h o u r s   of  s a l t   s p r a y   t e s t i n g .   A 

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

c o r r o d e d   a f t e r   o n l y   8  h o u r s   of   s a l t   s p r a y   t e s t i n g .  

E x a m p l e   9 

A  b r a s s   p a n e l   was  c o p p e r   p l a t e d ,   r i n s e d   and  t h e n  

p a s s i v a t e d   by  i m m e r s i o n   f o r   2  m i n u t e s   in   a  s o l u t i o n  

c o n t a i n i n g   24  g l - 1   c h r o m e t a n ,   12  g l - 1   s o d i u m   h y p o p h o s p h i t e  

and   5  ml  1-1  h y d r o g e n   p e r o x i d e   (30%  w / v )   a t   a  t e m p e r a t u r e  

of   25°C  and  pH  3 . 0 .   A f t e r   d r y i n g ,   t h e   p a n e l   was  i m m e r s e d  

in   a  p o l y s u l p h i d e   s o l u t i o n ;   no  b l a c k e n i n g   of   t h e  

c o p p e r   was  e v i d e n t   a f t e r   30  s e c o n d s   i m m e r s i o n .  



A  s i m i l a r   u n p a s s i v a t e d   c o p p e r   p l a t e d   b r a s s   p a n e l ,  

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

s o l u t i o n .  

E x a m p l e   1 0  

A l u m i n i u m   p a n e l s   w e r e   d e g r e a s e d   and   i m m e r s e d   f o r  

30  s e e s .   i n   a  s o l u t i o n   c o n t a i n i n g   24  g l - 1   c h r o m e t a n ,  

8  g l - 1   s o d i u m   n i t r a t e   and  5  g l - 1   s o d i u m   f l u o r i d e   a t  

pH  3 . 5 ,   and   a  t e m p e r a t u r e   of   3 0  C .   The  p a n e l s   w e r e  

r i n s e d   and  a i r   d r i e d   a t   1 0 0  C   f o r   one  h o u r .   T h e s e  

s a m p l e s   w e r e   s u b j e c t e d   to   a  5 %  n e u t r a l   s a l t   s p r a y   t e s t  

a l o n g s i d e   p a n e l s   of   t h e   same  a l u m i n i u m   a l l o y   t h a t   h a d  

r e c e i v e d   no  i m m e r s i o n   t r e a t m e n t .   A f t e r   96  h o u r s   t e s t i n g  

t h e   u n t r e a t e d   s a m p l e s   s h o w e d   e x t e n s i v e   c o r r o s i o n .   T h e  

t r e a t e d   s a m p l e s   w e r e   in   t h e   same  c o n d i t i o n   as   a t   t h e  

c o m m e n c e m e n t   of   t h e   t e s t .   The  p a s s i v a t i n g   f i l m   w a s  

i r i d e s c e n t .  

E x a m p l e   1 1  

A l u m i n i u m   p a n e l s   w e r e   d e g r e a s e d   and   i m m e r s e d   f o r  

30  s e e s .   in   a  s o l u t i o n   of   t h e   c o m p o s i t i o n   s t a t e d   i n  

E x a m p l e   10  b u t   c o n t a i n i n g   a d d i t i o n a l l y   12  g l - 1   s o d i u m  

h y p o p h o s p h i t e .   The  i m m e r s i o n   c o n d i t i o n s   w e r e   as  i n  

E x a m p l e   10.   An  i r i d e s c e n t   p a s s i v a t i n g   f i l m   was  d e -  

p o s i t e d   t h a t   p r o v i d e d   e x c e l l e n t   c o r r o s i o n   p r o t e c t i o n  

to  t h e   a l u m i n i u m   a l l o y   in   s a l t   s p r a y   t e s t i n g .   No 

d e t e r i o r a t i o n   in   a p p e a r a n c e   was  e v i d e n t   a f t e r   200  h o u r s  

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

E x a m p l e   1 2  

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

i m m e r s i o n   i n   a  s o l u t i o n   c o n t a i n i n g   1  g l - 1   c h r o m i u m   I I I  

c a t i o n ,  5   g l - 1   s o d i u m   h y p o p h o s p h i t e   and   5  g l - 1   s o d i u m  

n i t r a t e   and  5  g l - 1   s o d i u m   f l u o r i d e .   The  pH  of  t h e  

s o l u t i o n   was  a)  4  b)  3  c)  2  a t   t e m p e r a t u r e   3 0 ° C .  



A l l   s a m p l e s   w e r e   r i n s e d   and  d r i e d   in   a i r   a t   1 0 0 ° C .  

E x c e l l e n t   c o r r o s i o n   r e s i s t a n c e   was  c o n f e r r e d   to  a l l  

p a n e l s   when  e x p o s e d   to  n e u t r a l   s a l t   s p r a y .  

E x a m p l e   1 3  

A  s o l u t i o n   c o n t a i n i n g   4  g l - 1   of   n i c k e l   ( a s   n i c k e l  

c h l o r i d e )   and  8  g l - 1   s o d i u m   n i t r a t e   was  p r e p a r e d .   T h e  

pH  was  a d j u s t e d   to  5 . 5   and   t h e   t e m p e r a t u r e   m a i n t a i n e d  

a t   50°C .   A  s t e e l   p a n e l ,   z i n c   p l a t e d   and  b r i g h t e n e d   a s  

in   E x a m p l e   1  was  i m m e r s e d   in   t h i s   s o l u t i o n   f o r   1 0  

m i n u t e s .   No  c o r r o s i o n   was  e v i d e n t   a f t e r   24  h o u r s   o f  

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

E x a m p l e   1 4  

The  e x p e r i m e n t   of  E x a m p l e   12  was  r e p e a t e d   u s i n g  

a  s o l u t i o n   c o n t a i n i n g   4  g l - 1   i r o n   ( a s   f e r r o u s   a m m o n i u m  

s u l p h a t e )   and  8  g l - 1   s o d i u m   n i t r a t e ,   pH  =  3 . 0 ,   t e m p -  

e r a t u r e   =  25°C .   The  p a n e l   was  i m m e r s e d   in   t h i s   s o l u t i o n  

f o r   2  m i n u t e s .   No  c o r r o s i o n   was  e v i d e n t   a f t e r   2  h o u r s  

of   s a l t   s p r a y   t e s t i n g .   S l i g h t   c o r r o s i o n   was  e v i d e n t  

a f t e r   4  h o u r s   t e s t i n g   and   w i d e s p r e a d   c o r r o s i o n   a f t e r  

24  h o u r s   t e s t i n g .  

E x a m p l e   1 5  

A  s o l u t i o n   was  p r e p a r e d   c o n t a i n i n g   2  g l - 1   o f   Cr  
I I I  

( a s   c h r o m i c  s u l p h a t e ) ,   2  g l - 1   of   A l I I I   ( a s   a l u m i n i u m  

s u l p h a t e ) ,   8  g l - 1   NaNO3  and  4  g l - 1   h y p o p h o s p h i t e   ( a s  

s o d i u m   h y p o p h o s p h i t e ) .   The  s o l u t i o n   was  a d j u s t e d   t o  

pH  3 . 5   and  m a i n t a i n e d   a t   a  t e m p e r a t u r e   of   2 5 ° C .   A 

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

f o r   2  m i n u t e s   and  d r i e d .   The  p a n e l   e x h i b i t e d   a  s a l t  

s p r a y   r e s i s t a n c e   of   100  h o u r s   when  s u b j e c t e d   to  n e u t r a l  

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



E x a m p l e   1 6  

A  s o l u t i o n   c o n t a i n i n g   24  g l - 1   c h r o m e t a n ,   12  g l - 1  

s o d i u m   h y p o p h o s p h i t e   and  8  g l - 1   s o d i u m   n i t r a t e   w a s  

p r e p a r e d   and   t h e   pH  a d j u s t e d   to  3 . 0 .   Z i n c - p l a t e d   s t e e l  

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

f o r   1  m i n u t e .   The  p a n e l s   w e r e   r i n s e d   and   d r i e d .   A  p a l e  

b l u e   c o a t i n g   c o u l d   be  s e e n   on  t h e   s u r f a c e   of   t h e   z i n c .  

10  g l - 1   of  b o r i c   a c i d   was  a d d e d   to  t h e   s o l u t i o n   and   a  

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

way.   The  a p p e a r a n c e   of   t h e   s e c o n d   s e t   of   p a n e l s   was  t h e  

same  as  t h e   f i r s t   s e t .   The  pH  of   t h e   s o l u t i o n   c o n t a i n i n g  

b o r i c   a c i d   was  r a i s e d   by  t h e   a d d i t i o n   of  10%  NaOH  s o l u t i o n  

u n t i l   p r e c i p i t a t i o n   of   c h r o m i c   h y d r o x i d e   c o u l d   be  d e t e c t e d ,  

and  t h e   p r e c i p i t a t e   d i d   n o t   r e - d i s s o l v e   on  s t a n d i n g .   A 

t h i r d   s e t   of   p a n e l s   was  t r e a t e d   i n   t h i s   s o l u t i o n .   A f t e r  

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

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

s a l t - s p r a y   c a b i n e t .   C o r r o s i o n   of   t h e   z i n c   on  s p e c i m e n s  

in   t h e   f i r s t   two  s e t s   was  e v i d e n t   a f t e r   48  h o u r s   of   s a l t -  

s p r a y   t e s t i n g .   P a n e l s   of   t h e   t h i r d   s e t   d i d   n o t   e x h i b i t  

any   z i n c   c o r r o s i o n   a f t e r   300  h o u r s   t e s t i n g .  

E x a m p l e   1 7  

The  same  e x p e r i m e n t s   as  i n   E x a m p l e   16  w e r e   p e r f o r m e d  

w i t h   t h e   e x c e p t i o n   t h a t   t h e   p a s s i v a t i n g   s o l u t i o n   d i d   n o t  

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

p a n e l s   e x h i b i t e d   z i n c   c o r r o s i o n   a f t e r   48  h o u r s   of   s a l t -  

s p r a y   t e s t i n g   b u t   t h e   t h i r d   s e t   d i d   n o t   e x h i b i t   any   c o r r o s i o n  

a f t e r   200  h o u r s   of   s a l t   s p r a y   t e s t i n g .  

E x a m p l e   1 8  

A  s o l u t i o n   c o n t a i n i n g   18  g l  -1   c h r o m e t a n ,   7 . 5   g l  - 1  

s o d i u m   f l u o r i d e   and   10  g l - 1   s o d i u m   n i t r a t e   was  p r e p a r e d  



and  t h e   pH  of  t h i s   s o l u t i o n   a d j u s t e d   to  2 . 5 .   A l u m i n i u m  

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

t h e n   i m m e r s e d   f o r   30  s e c o n d s   in   t h e   c o n v e r s i o n   c o a t i n g  

s o l u t i o n   a t   25°C.   A f t e r   r i n s i n g   and  d r y i n g , t h e   p a n e l s  

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

t h a n   1 , 0 0 0   h o u r s   of  t e s t .   A  s e c o n d   s e t   of   p a n e l s   w a s  

p r e p a r e d   as  a b o v e   and  i m m e r s e d   f o r   2  s e c o n d s   o n l y   in   t h e  

c o n v e r s i o n   c o a t i n g   s o l u t i o n   a t   20°C .   A f t e r   r i n s i n g   a n d  

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

and  s u r v i v e d   o n l y   100  h o u r s   of  t e s t .   A  t h i r d   s e t   o f  

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

i m m e r s i o n   f o r   two  s e c o n d s   in   t h e   c o n v e r s i o n   c o a t i n g  

s o l u t i o n ,   t h e   p a n e l s   w e r e   d r i e d   w i t h o u t   r i n s i n g ;   t h e s e  

p a n e l s   s u r v i v e d   more   t h a n   1 , 0 0 0   h o u r s   of   s a l t - s p r a y  

t e s t .  

E x a m p l e   1 9  

A  s o l u t i o n   c o n t a i n i n g   24  g l - 1   c h r o m e t a n ,   12  g l - 1  

s o d i u m   h y p o p h o s p h i t e   and  8  g l - 1   s o d i u m   n i t r a t e   w a s  

p r e p a r e d   and  t h e   pH  of  t h e   s o l u t i o n   a d j u s t e d   to  3 . 0 .  

Z i n c   p l a t e d   s t e e l   p a n e l s   w e r e   i m m e r s e d   f o r   1  m i n u t e   i n  

t h i s   s o l u t i o n   a t   25°C .   On  r e m o v a l ,   t h e   p a n e l s   w e r e  

i m m e r s e d ,   in  D e w a t e r i n g   F l u i d   IL  968 ,   ex.   Es so   L t d . ,  

f o r   2  m i n u t e s .   A f t e r   t h i s   t r e a t m e n t ,   t h e   c o n v e r s i o n  

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

of  t h e   s p e c i m e n s   w h i c h   w e r e   t h p n   f i l m e d   w i t h   t h e  

d e w a t e r i n g   f l u i d .  

E x a m p l e   20  

A  s o l u t i o n   c o n t a i n i n g   24  g l - 1   c h r o m e t a n ,   12  g l - 1  

s o d i u m   h y p o p h o s p h i t e   and  10  g l - 1   p o t a s s i u m   f e r r i c y a n i d e  

was  p r e p a r e d ;   t h e   pH  of   t h e   s o l u t i o n   was  a d j u s t e d   t o  

3 . 0   and  t h e   o p e r a t i n g   t e m p e r a t u r e   was  25°C .   Z i n c   p l a t e d  



s t e e l   p a n e l s   w e r e   i m m e r s e d   in   t h e   s o l u t i o n   f o r   60  s e c o n d s  

and  a f t e r   r i n s i n g   and   d r y i n g   w e r e   s u b j e c t e d   to  s a l t -  

s p r a y   t e s t i n g .   The  s p e c i m e n s   s u r v i v e d   24  h o u r s   of   s a l t -  

s p r a y   t e s t .   S i m i l a r   p a n e l s ,   t r e a t e d   in   t h e   s o l u t i o n   n o t  

c o n t a i n i n g   f e r r i c y a n i d e ,   w e r e   s e v e r e l y   c o r r o d e d   a f t e r   o n l y  

f o u r   h o u r s   s a l t - s p r a y   t e s t i n g .  

E x a m p l e   2 1  

A  s t e e l   p a n e l   was  e l e c t r o p l a t e d   w i t h   5µm  t i n ,   d r i e d   a n d  

i m m e r s e d   f o r   3  m i n u t e s   i n   a  c o n v e r s i o n   c o a t i n g   s o l u t i o n  

c o n t a i n i n g  

A f t e r   a i r   d r y i n g   t h e   p a n e l   was  s u b j e c t e d   to   n e u t r a l  

s a l t   s p r a y   t e s t i n g   and   no  t i n   c o r r o s i o n   p r o d u c t s   w e r e  

d e t e c t e d   a f t e r   24  h o u r s   of   t e s t i n g .   Fo r   c o m p a r i s o n   a  

s i m i l a r   t i n   p l a t e d   s t e e l   p a n e l   w h i c h   was  n o t   c o n v e r s i o n  

c o a t e d   was  s a l t   s p r a y   t e s t e d   and  a f t e r   8  h o u r s   of   t e s t i n g  

t h e   t i n   s u r f a c e   was  s e v e r e l y   d i s c o l o u r e d   w i t h   t i n   c o r r o s i o n  

p r o d u c t s .  

E x a m p l e   2 2  

F o u r   a l u m i n i u m   p a n e l s   and   f o u r   e l e c t r o g a l v a n i z e d   s t e e l  

p a n e l s   (104m  Zn)  w e r e   c o n v e n t i o n a l l y   c l e a n e d   and   p r e t r e a t e d  

f o r   c o n v e r s i o n   c o a t i n g .   Two  c o n v e r s i o n   c o a t i n g   s o l u t i o n s  



w e r e   made  up  c o n t a i n i n g   ( r e s p e c t i v e l y ) ;  

Two  of   t h e   a l u m i n i u m   and   two  o f   t h e   g a l v a n i z e d   s t e e l  

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

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

w a t e r ,   a i r   d r i e d   f o r   48  h o u r s   a t   a m b i e n t   t e m p e r a t u r e   a n d  

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

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

to  t h e   s u b s t r a t e   m e t a l .   A l l   t h e   p a n e l s   w e r e   s u b j e c t e d  

to  n e u t r a l   s a l t   s p r a y   t e s t i n g   a l l   s u r v i v i n g   500  h o u r s  

and   s u b s e q u e n t l y   s u b j e c t e d   to   300  h o u r s   of   h u m i d i t y  

t e s t i n g   ( a l s o   a c c o r d i n g   to  ASTM  t e s t   No.  B - 1 1 7 ) .  

E x a m i n a t i o n   of   t h e   p a n e l s   s h o w e d   t h a t   t h e y   a l l   p a s s e d  

a c c o r d i n g   to  t h e   s t a n d a r d   b e c a u s e   t h e y   s h o w e d   no  s i g n  

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



1.  A  m e t h o d   of   d e p o s i t i n g   a  c o n v e r s i o n   c o a t i n g   o n  

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

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

i o n s   w h i c h   a r e   one  or   more   of   C r I I I ,   F e I I ,   F e I I I   o r  

N i I I   i o n s ,   a  weak   c o m p l e x i n g   a g e n t   f o r   t h e   m e t a l   i o n s   a n d  

an  o x i d i z i n g   a g e n t   to   d e p o l a r i z e   t h e   r e a c t i o n   t a k i n g   p l a c e  

a t   t h e   s u r f a c e   of   t he   s u b s t r a t e   to  be  c o a t e d ,   w h e r e b y   a  

c o n v e r s i o n   c o a t i n g   i s   d e p o s i t e d   on  t h e   s u b s t r a t e .  

2.  A  m e t h o d   of   d e p o s i t i n g   a  c o n v e r s i o n   c o a t i n g   on  a  

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

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

w h i c h   a r e   one  or   more   of   C r I I I ,   F e I I ,  F e I I I ,   o r   N i I I   i o n s ,  w h i c h   a r e   one  or   more   o r   i o n s ,  

i n   a  c o n c e n t r a t i o n   n o t   e x c e e d i n g   0 . 1   m o l a r   and   an  o x i d i z i n g  

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

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

c o a t i n g   i s   d e p o s i t e d   on  t h e   s u r f a c e   of   t h e   s u b s t r a t e .  

3.  A  m e t h o d   as  c l a i m e d   in   e i t h e r   c l a i m   1  or   c l a i m   2 ,  

w h e r e i n   t h e   s o l u t i o n   i n c l u d e s   one  or   more   of   M g I I ,   AlIII, 

Z n I I ,   M n I I ,   T i I I I   or   T i I V   i n   a d d i t i o n   to  t h e  

s a i d   m e t a l   i o n s .  

4.  A  m e t h o d   as  c l a i m e d   in   c l a i m   1  w h e r e i n   t h e  

c o n c e n t r a t i o n   of   t h e   s a i d   m e t a l   i o n s   i s   f rom  0 . 0 0 2  

to  0 .8   m o l a r .  

5.  A  m e t h o d   as  c l a i m e d   in   c l a i m   2  w h e r e i n   t h e  

c o n c e n t r a t i o n   of   t h e   s a i d   m e t a l   i o n s   i s   f r om  0 . 0 4   t o  

0 . 0 6   m o l a r .  

6.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   1 , 2 , 4  

and  5  w h e r e i n   t h e   m e t a l   i o n s   c o n s i s t   o f   C r I I I   i o n s .  



7.  A  m e t h o d   as  c l a i m e d   in  e i t h e r   c l a i m   1  or  c l a i m   4 ,  

w h e r e i n   t he   weak  c o m p l e x i n g   a g e n t   i s   one  or   more  o f  

h y p o p h o s p h i t e ,   a c e t a t e   and  f o r m a t e   i o n s .  

8.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1 , 4   and   7 

w h e r e i n   t he   m o l a r   c o n c e n t r a t i o n   r a t i o   of  t h e   weak  c o m p l e x i n g  

a g e n t   to  t he   s a i d   m e t a l   i o n s   i s   f rom  0 . 3 : 1   to  2 : 1 .  

9.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to  8 

w h e r e i n   the oxidizing agent is  o n e  o r   more   of  n i t r a t e   i o n s ,   h y d r o g e n  

p e r o x i d e ,   p e r o x i d e   i o n s   and  f e r r i c y a n i d e   i o n s .  

10.  A  m e t h o d   as  c l a i m e d   in   c l a i m   9  w h e r e i n   t he   p o i s o n  

i s   n i t r a t e   i o n s   a t   a  c o n c e n t r a t i o n   of  f rom  2  to  12  g l - 1 .  

11.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   1  to  10  

w h e r e i n   t h e   s u b s t r a t e   i s   zinc,  t in,  cadmium,  i r o n ,   s t e e l ,  

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

a l l o y s .  

12.  A  m e t h o d   as  c l a i m e d   in   c l a i m   11  w h e r e i n   t h e   s u b s t r a t e  

i s   a l u m i n i u m   or  an  a l u m i n i u m   a l l o y   and  w h e r e i n   t he   s u b s t r a t e  

i s   t r e a t e d   to  r e m o v e   o x i d e   f i l m   f rom  t h e   s u r f a c e   by  c o n t a c t  

w i t h   f l u o r i d e   i o n s   in   a q u e o u s   s o l u t i o n   e i t h e r   b e f o r e   o r  

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

13.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   1  t o l 2   w h e r e i n  

t h e   s o l u t i o n   c o n t a i n s   b o r i c   a c i d   or  b o r a t e   i o n s   a t   a  

c o n c e n t r a t i o n   of   f rom  1  to  40  g l - 1 .  

14.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to  1 3 ,  

w h e r e i n   t h e   s u b s t r a t e   i s   in   c o n t a c t   w i t h   t he   s o l u t i o n   f o r  

a  p e r i o d   of  f rom  5  s e c o n d s   to  20  m i n u t e s   w h e r e b y   a  c o n v e r s i o n  

c o a t i n g   h a v i n g   a  t h i c k n e s s   of   f rom  0 . 0 1   to  5  µm  is   d e p o s i t e d  

t h e r e o n .  

15.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   1  to  1 4 ,  



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

w i t h   p r i o r   r i n s i n g ,   or  d e w a t e r e d .  

16.  A  m e t h o d   as  c l a i m e d   i n   a n y  o n e   of   c l a i m s   1  to   1 5  

w h e r e i n   t h e   c o n v e r s i o n   c o a t i n g   on  t h e   s u b s t r a t e   i s  

s u b s e q u e n t l y   a g e d   or   b a k e d   to  r e n d e r   i t   more   h a r d   a n d  

r e s i s t a n t   to  m e c h a n i c a l   a b r a s i o n .  

17.  A  m e t h o d   as  c l a i m e d   i n   a n y  o n e   of  c l a i m s   1  to   16  

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

or   l a m i n a t e d   to  a  l a y e r   of  a  p l a s t i c s   m a t e r i a l .  
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