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(S)  Method  of  metal  surface  treatment. 

A  method  of  treatment  of  a  metal  surface  in  which  there 
can  be  metal  oxides  on  the  surface  which  includes  applying  to 
the  surface  a  solution  formulated  to  be  substantially  non- 
reactive  with  the  oxide  allowing  this  to  perfuse  through  the 
oxide  but  to  be  substantially  reactive  with  the  underlying 
metal  and  to  also  include  metals to  act  as  a  buffer  to  localise 
action  on  the  underlying  metal  and  further  provide  a  pacivat- 
ing  coat  the  method  including  the  further  step  of  then  coating 
such  appropriate  surface.  The  solution  may  contain  a  weak 
acid  in  substantial  concentration  (e.g.  57,3  % phosphoric  acid 
and  36,7  %water)  and  significant  quantities  of  a  buffering  and 
inhibiting  type  compound  (e.g.  5,4  %  urea)  as  well  as  soluble 
metal  salts  (e.g.  0,08%  copper  sulphate,  0.08%  cobalt  sul- 
phate,  0,08%  chromium  sulphate,  0,08%  nickel  sulphate, 
0,08%  manganese  sulphate  and  0,08%  zinc  sulphate). 



T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of  a  m e t a l  

s u r f a c e   t r e a t m e n t .  

C o n s i d e r a b l e   p r o b l e m s   have   h i t h e r t o   been   e x p e r i e n c e d  

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

and  some  m e t a l s   on  m e t a l   s u r f a c e s .  

As  i l l u s t r a t i v e ,   b u t   n o t   l i m i t i n g ,   e n o r m o u s  

d i f f i c u l t y   is   e x p e r i e n c e d   in  a t t e m p t i n g   to  c o a t   wha t   i s  

t e r m e d   h a r d   ch rome   o n t o   a  m e t a l   s u r f a c e   of  a n o t h e r   t y p e  

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

a c h i e v e d ,   in  p r a c t i c e ,   i t   r e q u i r e s   a  number   o f  s t e p s   i n  

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

e x p e r t i s e   in  e f f e c t i n g .  

In  a n o t h e r   a p p l i c a t i o n ,   i t   i s   known  t h a t   i t   i s  

v e r y   d i f f i c u l t   to  have   a  p a i n t   b a s e d   upon  a  r e s i n ,   a d h e r e  

to  a  z i n c   c o a t e d   s t e e l   s u r f a c e   w h e r e   t h i s   has  been   n e w l y  

p r e p a r e d .  

P e r h a p s   b e c a u s e   t he   p a i n t   w h e t h e r   t h i s   i s   b a s e d   o n  

an  a c r y l i c   r e s i n   or  some  d i f f e r i n g   r e s i n   m a t e r i a l   r e q u i r e s  

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



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

s u r f a c e   s u c h   as  n e w l y   p r e p a r e d   z i n c   c o a t e d   s t e e l   u n t i l  

t h e   c o a t   has   w e a t h e r e d ,   w h i c h   may  t a k e   some  m o n t h s   o r  

in   some  c a s e s ,   y e a r s .  

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

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

of  a n o t h e r   m e t a l   or  a  p r o t e c t i v e   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 .  

I t   i s   now  b e l i e v e d   t h a t   t h i s   i s   b e c a u s e   of  t h e  

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

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

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

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

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

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

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

and  a l l o y s   w h i c h   a s s i s t   in  t h e   s u b s e q u e n t   b o n d i n g   o f  

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

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

o x i d i s a t i o n .  

The  i n v e n t i o n   i n v o l v i n g   t h e   m e t h o d   u s e s   a  s o l u t i o n  

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

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

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

a  b a s e   upon   w h i c h   s u b s e q u e n t   c o a t i n g   can   be  more  e f f e c t i v e  

t h a n   has   h i t h e r t o   b e e n   t h e   c a s e ,   and  in  some  i n s t a n c e s  

e n a b l e s   a  c o a t i n g   t h a t   has   h i t h e r t o   no t   b e e n   a b l e   to  b e  

as  e f f e c t i v e l y   or  e c o n o m i c a l l y   e n a b l e d   to   be  s e c u r e d   t o  

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



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

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

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

T h i s   i n v e n t i o n   r e l a t e s   to  f i r s t l y   a  b r o a d e n i n g   o f  

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

d i s c o v e r y   of  i t s   w i d e r   a p p l i c a b i l i t y   to  e n a b l e   c o a t i n g  

to  be  a c h i e v e d   s u b s e q u e n t l y   w h i c h   has   h i t h e r t o   no t   b e e n  

r e a l i z e d .  

C o n v e n t i o n a l l y ,   t r e a t m e n t   of  a  m e t a l   s u r f a c e  

has   b e e n   b a s e d   on  t h e   c o n c e p t   of  r e m o v i n g   t he   o x i d i s e d  

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

w h e t h e r   t h e   m e t a l   a p p e a r s   to  be  b r i g h t   c l e a n   or  b a d l y  

c o r r o d e d .  

T r e a t m e n t   t h e r e f o r e   has   t a k e n   two  main   a p p r o a c h e s  

t h a t   i s ,   e i t h e r   to  a p p l y   to   t h e   s u r f a c e   a  m a t e r i a l   w h i c h  

can  s u b s t a n t i a l l y   a t t a c k   and  t h e r e b y   d i s s o l v e   and  r e m o v e  

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

o x i d e s   on  t h e   b a s i s   t h a t   t h i s   w i l l   r e m o v e   any  s e a t   o f  

c o r r o s i o n   or  s e c o n d a r i l y   i t   r e l i e s   upon  t h e   e x p e c t a t i o n  

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

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

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

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

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

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

i m p r o v e m e n t   and  in  a  number   of  c a s e s ,   a c c o r d i n g   t o  

e x p e r i m e n t s   c o n d u c t e d   wou ld   a p p e a r   t o ,   a t   l e a s t   in  t h e  

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

a t t a c k .  

T y p i c a l l y ,   i f   s t e e l   i s   p i c k l e d   by  i m m e r s i o n   i n  

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



be  i r r e g u l a r l y   c o r r o d e d   by  t h e   h y d r o c h l o r i c   a c i d ,   t h e  

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

n e u t r a l i z e d   or  r e m o v e d   by  q u e n c h i n g   and  t h i s   in  i t s e l f  

l e a v e s   a g e n t s   w h i c h   can   i n d u c e   f u r t h e r   o x i d i s a t i o n .  

W h i l e   an  a c i d   s u c h   as  p h o s p h o r i c   a c i d   can  be  u s e d  

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

i t   i s   an  e x p e n s i v e   a c i d   and  s l ow   in  o p e r a t i o n .  

H o w e v e r ,   some  s t e e l   p l a t e s   a r e   o f t e n   i n i t i a l l y  

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

i m m e r s e d   in  a  2%  p h o s p h o r i c   a c i d   c o n t a i n i n g   v e r y   s m a l l  

q u a n t i t i e s   of  i r o n   and  a t   a  h i g h   t e m p e r a t u r e ,   s u c h   a s  
8 0 - 9 0 ° C .   f o r   s e v e r a l   m i n u t e s .  

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

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

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

w i t h   a  m a t e r i a l   t h a t   f o r m s   in  e f f e c t   an  i m p e r m e a b l e  

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

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

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

t h e   d r y i n g   of  t h e   s e t t i n g   m e m b r a n e   or  by  e n t r a p p e d   a i r  

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

more   c o m m o n l y ,   t h e   b r e a k d o w n   in  t h e   s u r f a c e   a t   one  o r  

more   p l a c e s ,   and  t h e   s u b s e q u e n t   i n g e s t i o n   b e t w e e n   t h e  

c o m m o n l y   r a t h e r   l o o s e l y   a d h e r e d   m e m b r a n e s   and  t h e   m e t a l  

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

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

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

The  f i r s t   d i s c o v e r y   of  t h i s   i n v e n t i o n   i s   t h a t   i t  

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

w h i c h   w i l l   i n e v i t a b l y   have   o x i d e   t h e r e o n   upon   a n y  

e x p o s u r e   to  a i r ,   a  m a t e r i a l   w h i c h   i s   f o r m u l a t e d   so  t h a t  



r a t h e r   t h a n   a t t a c k   t he   m e t a l   o x i d e .   i t   w i l l   h ave   n o  

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

and  h e n c e   much  more  r e a d i l y   t h a n   w i t h   o t h e r   m a t e r i a l s  

p e r f u s e   t h r o u g h   the   o x i d e   w i t h o u t   s u b s t a n t i a l l y  

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

t h e   o x i d e   by  t h e   r e a c t i o n   p r o d u c t s   s u c h   as  a  gas   o r  

o t h e r   m a t e r i a l s .  

The  m a t e r i a l   h o w e v e r   i s   s e l e c t e d   or  f o r m u l a t e d   s o  

t h a t   when  i t   r e a c h e s   t he   b a s e   of  t h e   o x i d e ,   i t   i s  

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

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

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

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

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

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

of  t h e   o x i d e   and  t h e n   a t t a c k   t h e   m e t a ;   a t   t h e   b a s e  

r e l e a s i n g   or  l i f t i n g   o f f   t h e   o x i d e s .  

The  n e x t   d i s c o v e r y   of  t h i s   i n v e n t i o n   r e l a t e s   to  t h e  

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

b a s e   upon   w h i c h   s u b s e q u e n t   c o a t i n g   can  be  e f f e c t i v e .  

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

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

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

a t t a c k   or  t he   b a s e   a t t a c k   so  t h a t   f i r s t l y   t h e   r a t e   o f  

r e a c t i o n   i s   l i m i t e d   so  t h a t   t he   r e l e a s e   of  gas   is   a t  

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

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

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

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

t h e n   w i t h   t h e   a c i d   or  b a s e   a t t a c k   o c c u r r i n g ,   t he   r e a c t i o n  

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

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



a r e   v e r y   l i k e l y   to  form  a  s t r o n g   a t t a c h m e n t   bond  w i t h   t h e  

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

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

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

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

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

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

b e i n g   e x p o s e d   by  t h e   a c i d   or  b a s e   a t t a c k .  

By  t h e n   t r e a t i n g   t h e   t h u s   p r e p a r e d   s u r f a c e   in  s u c h  

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

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

m a t e r i a l s   and  in  s u c h   a  way  as  to   be  a b l e   to  a c c e p t  

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

or   in  a n o t h e r   way  n e u t r a l i s i n g   t h i s ,   one  can  t h e n   o b t a i n  

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

h a v e   n o t   h i t h e r t o   been   a b l e   t o   be  so  c o m b i n e d ,   or  s o  

e c o n o m i c a l l y   c o m b i n e d .  

The  i n v e n t i o n   can   in  one   f o r m   t h e n   be  s a i d   to   r e s i d e  

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

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

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

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

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

so  as  to   be  s u b s t a n t i a l l y   n o n - r e a c t i v e   w i t h   any  o x i d e   o f  

t h e   m e t a l   s u r f a c e ,   a d a p t e d   to   p e r f u s e   t h r o u g h   any  o x i d e s  

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

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

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

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

l y i n g   m e t a l   so  as  to  a l l o w   i o n   e x c h a n g e   b e t w e e n   m e t a l  

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

r e s p e c t   to   t he   m e t a l   of  t h e   s u r f a c e   and  t h o s e   in  t h e  

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



bu t   to  s u b s t a n t i a l l y   r e s i s t   a c c e s s   to  t he   m e t a l s   o r  

gas  so  as  to  s i g n i f i c a n t l y   r e t a r d   any  f o r m a t i o n   o f  

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

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

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

I t   i s   to  be  e m p h a s i z e d   t h a t   t he   r e s u l t s   of  t h e  

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

a p p e a r   to  have   p r e v i o u s l y   been   p r o v i d e d   and  i t s  

c o m p a t i b i l i t y   to   s u b s e q u e n t   c o a t i n g   e i t h e r   by  way  o f  

e l e c t r o - d e p o s i t i o n   or  to  c o a t i n g   by  a p p l y i n g   a  p a i n t i n g  

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

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

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

t h e r e f o r e   a  p o t e n t i a l   f o r   a p p l y i n g   m e t a l s   by  way  o f  

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

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

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

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

t h e   s u r f a c e ,   t h e n   t h e r e   can  a l s o   be  a  s i g n i f i c a n t   i n c r e a s e  

in  b o n d i n g   a t t a c h m e n t .  

The  p r o c e s s   t h e r e f o r e   a p p e a r s   to  have  the   j o i n t  

a d v a n t a g e   t h a t   i t   w i l l   no t   o n l y   n o t   d e p e n d   upon  h a v i n g  

to  p h y s i c a l l y   r e m o v e   r u s t   or  to  p r o v i d e   a  f i r s t   a t t a c k  

of  a  v e r y   s t r o n g   a c i d   w i t h   s u b s e q u e n t   n e c e s s a r y   t r e a t m e n t s  

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

and  w i t h   t he   n e c e s s i t y   of  r e m o v a l   no t   b e i n g   any  l o n g e r  

p r e s e n t ,   a  number   of  m a t e r i a l s   can  be  t r e a t e d   in  s i t u  

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

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

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

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

t r e a t   t he   s u r f a c e   so  t h a t   in  f a c t   q u i t e   c o n t r a r y   t o  

what   has  been   t h e   c o n v e n t i o n a l   c o n c e p t ,   t he   o x i d e   of  t h e  



m e t a l   i s   n o t   a t t a c k e d   and  i t   is   t h e   c o n c e p t   t h a t   o n e  

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

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

a c c e s s   to  t h e   b a s e   m e t a l   i s   no t   i m p e d e d   by  any  r e a c t i o n  

w i t h   t h e   o x i d e s   t h i s   of  c o u r s e   a s s u m i n g   as  has   b e e n  

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

f o r m i n g   on  t h e   s u r f a c e   in  a  c o r r o s i o n   t y p e   s i t u a t i o n  

a p p e a r   to   be  p o r o u s   and  of  c o u r s e   t h a t   t h e   f o r m u l a t i o n  

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

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

w i l l   we t   t h e   o x i d e s   and  i f   t h i s   i s   n o t   g e n e r a l l y   p o s s i b l e ,  

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

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

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

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

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

t h e i r   o x i d e s   on  t h e i r   s u r f a c e .  

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

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

or   a  m u l t i p l i c i t y   of  f u n c t i o n s   bu t   i t   i s   w e l l   u n d e r s t o o d  

t h a t   s u c h   f u n c t i o n s   can  be  p r o v i d e d   by  two  or  m o r e  

m a t e r i a l s   a c t i n g   in  c o n c e r t .  

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

i s   n o t   to   be  t a k e n   as  n e c e s s a r i l y   l i m i t i n g   t h e   a p p l i c a b i l i t y  

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

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

c o n c e p t   of   t h e   m e t h o d   has   been   r e a l i z e d ,   can   be  d e v i s e d  

to  p r o v i d e   t h e   same  f u n c t i o n   and  s i g n i f i c a n t   a d v a n t a g e s .  

A c c o r d i n g   to   t he   p r e f e r r e d   s o l u t i o n   t h e n ,   t h i s  

i n c l u d e s   a  a c i d   and  p r e f e r a b l y   a l s o   p h o s p h o r i c   a c i d   H 3 P 0 4  



p r o d u c e d   f rom  c o m m e r c i a l   a c i d   of  82%  H3PO4  known  a s  

s y r u p y   n h o s p h o r i c   a c i d .   B e c a u s e   o r t h o p h o s p h o r i c   a c i d  

is   a  t r i p r o t i c   a c i d ,   i t   f o r m s   t h r e e   s e r i e s   of  s a l t s  

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

p r i m a r y   p h o s p h a t e s   a r e   mote   s o l u a b l e   in  w a t e r   t h a n  

t e r t i a r y   p h o s p h a t e s .  

The  s o l u t i o n   a l s o   c o n t a i n s   a  s i g n i f i c a n t   p r o p o r t i o n  

of  u r e a .   T y p i c a l l y   a  m i x t u r e   of  82%  o r t h o p h o s p h o r i c   a c i d ,  

m i x e d   w i t h   an  a q u e o u s   s o l u t i o n   of  u r e a   in  t he   p r o p o r t i o n s  

-  one  p a r t   by  w e i g h t   of  u r e a ,   to  two  p a r t s   by  w e i g h t   o f  

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

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

s o l u a b l e   in  w a t e r .   In  t he   s o l u t i o n   p r e f e r r e d   in  t h e  

e m b o d i m e n t ,   t h e r e   is   an  e x c e s s   of  p h o s p h o r i c   a c i d   o v e r  

t h a t   w h i c h   i s   r e q u i r e d   to  p r o d u c e   t h i s   a d d i t i o n   p r o d u c t .  

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

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

c o b a l t ,   and  in  some  c a s e s   z i n c .   T h e s e   can  h a v e  

s e v e r a l   f u n c t i o n s ,   one  of  w h i c h   i s   to  a c t   as  an  a c t i v a t o r  

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

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

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

s u b s e q u e n t   p a s s i v a t i n g   of  t he   s u r f a c e .  

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

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

w h i c h   grow  on  t h e   p h o s p h a t e   ion   p r i m a r y   l a y e r .  

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

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

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

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

by  d e p o s i t i n g   on  the   i r o n   and  f o r m i n g   l o c a l   c e l l s   w i t h  

i t .   Thus  a  l a r g e   number   of  c e n t r e s   f o r   c r y s t a l   g r o w t h  



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

p h o s p h a t e   c o a t i n g .  

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

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

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

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

t e m p e r a t u r e   of  t h e   s t e e l   i s   r a i s e d   to   a b o u t   80°C .   F o r  

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

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

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

or   c h r o m i u m   p h o s p h a u e   i s   d e p o s i t e d   on  t h e   i r o n   p h o s p h a t e  

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

The  t e r m   p h o s p h a t e   i s   g i v e n   as  a  s i m p l e   t e r m i n o l o g y  

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

p r e s e n t ,   t h e r e   wou ld   be  a  m i x e d   p h o s p h a t e   w i t h   t h e  

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

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

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

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

r a t e   t h a n   t h a t   of  t h e   s o l u t i o n   a b s o r b e d   i n t o   t h e   r u s t .  

In  t h e   m e t a l   o x i d e ,   a u t o p h o r e t i c   or  e l e c t r o p h o r e t i c  

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

r e a c t i o n   a p p e a r s   to  o c c u r ,   a c c e l e r a t i n g   a t t a c k   on  t h e  

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

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



The  a c t i o n   of  t h e   u r e a   t h e r e f o r e   can  be  l i k e n e d  

to  an  i n h i b i t o r ,   b u t   i t   a l s o   has  a d d i t i o n a l   c h a r a c t e r -  

i s t i c s   wh ich   a r e   of  s i g n i f i c a n t   a d v a n t a g e   in  t he   m e t h o d .  

A  f i r s t   of  t h e s e   i s   t h a t   i t   a s s i s t s   in  w e t t i n g   o f  

o x i d i z e d   m e t a l   s u r f a c e s   and  i t   has  a  c h a r a c t e r i s t i c  

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

has   been   s u g g e s t e d   as  b e i n g   c a u s e d   by  an  a b i l i t y   t o  

c r y s t a l l i z e   and  r e c r y s t a l l i z e   a t   i t s   e d g e s ,   t h e r e b y  

a c h i e v i n g   t h i s   c r e e p i n g   f e a t u r e .  

A n o t h e r   a d v a n t a g e o u s   f e a t u r e   i s   t he   c h a r a c t e r   o f  

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

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

in  t he   h i g h e r   c o n c e n t r a t i o n s   a t   t he   m e t a l   f a c e ,   t h i s  

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

a c t i o n   w h i c h   f i r s t l y   r e d u c e s   t he   s i z e   of  any  gas  b u b b l e  

e v o l u t i o n   w h i c h   means   t h a t   t he   a c t i o n   i s   much  more  u n i f o r m  

o v e r   t h e   w h o l e   of  t h e   s u r f a c e   and  t he   e f f e c t   a p p e a r s   t o  

be  s o m e w h a t   a k i n   to  a  m i c r o - e t c h   r a t h e r   t h a n   a  m a c r o - e t c h  

or  s i g n i f i c a n t   p i t t i n g   and  i t   a l s o   a p p e a r s   to  p r o v i d e   a n  

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

f a c e   w h i c h   is   s u b s t a n t i a l l y   i n s o l u b l e   s u b s e q u e n t l y   b u t  

p r o v i d e s   a  good  b i n d e r   f o r   s u b s e q u e n t   c o a t i n g .   I t   i s  

a l s o   u s e f u l   b e c a u s e   i t   w i l l   be  c o m p a t i b l e   when  u sed   as  a  

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

p l a t i n g   t e c h n i q u e s .  

R e f e r e n c e   has   been   made  to  t he   a p p l i c a t i o n s   t o  

e s p e c i a l l y   s t e e l   s u r f a c e s ,   bu t   i t   is   to  be  u n d e r s t o o d  

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

As  i l l i s t r a t i v e ,   a l u m i n i u m   a l l o y   i s   v e r y   s u i t a b l e  

f o r   t h i s   t r e a t m e n t ,   and  as  w i t h   s t e e l ,   an  a l u m i n i u m   a l l o y  

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



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

c o m p o u n d s   t h a t   a r e   t y p i c a l l y ' f o u n d   on  t he   s u r f a c e   o f  

m e t a l s .  

W i t h   r e l a t i o n   to  t h e   p r e f e r r e d   s o l u t i o n ,   a n  

a l u m i n i u m   p a r t ,   i f   h e a t e d   to  a p p r o x i m a t e l y   90°C  a n d  

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

i m a t e l y   5  m i n u t e s ,   w i l l   h ave   s i g n i f i c a n t l y   c o r r o s i o n  

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

e t c h i n g .  

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

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

f o r m .   T h i s   can  be  s i m p l y   r e m o v e d   by  w a s h i n g   a n d  

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

b u t   p r e f e r a b l y   in  r e l a t i o n   to   t h i s   i n v e n t i o n ,   t h e   p a r t  

can   be  i m m e d i a t e l y   p l a t e d   in  c o p p e r ,   n i c k e l   or  c h r o m i u m  

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

r e p l a c e d   in   t h e   a c t i o n   b u t   i t   p r o v i d e s   a  good  b a s i s   u p o n  
w h i c h   t h e   a c t i o n   can   p r o c e e d .  

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

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

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

be  u s e d ,   t h e   c o s t i n g ,   s a f e t y   of  u s a g e   and  of  c o u r s e   t h e  

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

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

of  s o l u t i o n s   t h a t   w o u l d   be  s u i t a b l e   and  t h a t   a t   l e a s t   i n  

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

of  t h e   m e c h a n i s m   so  t h a t   c o m p o u n d s   can   be  e f f e c t i v e l y  

f o r m u l a t e d   and  when  a p p l i e d ,   can  be  u n d e r s t o o d   as  t o  

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

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



t o x i c i t y   p o i n t   of  v iew  and  f rom  a  c o s t   p o i n t   of  v i e w ,  

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

can  be  w i d e l y   u s e d   in  r e l a t i o n   to  a  l a r g e   v a r i e t y   o f  

m e t a l   s u r f a c e s .  

I t   i s   to   be  e m p h a s i z e d   h o w e v e r ,   t h a t   t h i s   i s  

r e a l i z e d   as  b e i n g   t y p i c a l   and  n o t   l i m i t e d   to  t h e  

i n v e n t i v e   c o n c e p t   a t   l e a s t   in  i t s   w i d e r   c o n c e p t .  

T y p i c a l l y   t h e n ,   a c i d s   or  b a s e s   w i t h   r e l a t i v e l y  

weak  d i s s o c i a t i o n   c o n s t a n t s   may  be  u s e d   in  a  f o r m u l a t i o n  

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

a  d i s s o c i a t i o n   c o n s t a n t   of  7 .5   x  10-3   or  as  in  t h e  

c a s e   of  a s c e t i c  a c i d   1.8  x  10 -5  or  in  t h e   c a s e   o f  

f o r m i c   a c i d   1.8  x  1 0   4  a l l   c o u l d   be  s u i t a b l e .  

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

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

can   i n c l u d e   o x a l i c   a c i d ,   c a r b o n i c   a c i d ,   h y d r o g e n  

s e l e n i d e ,   h y d r o f l u o r i c   a c i d   and  so  o n .  

T y p i c a l l y ,   b a s e s   can  a l s o   be  u s e d   i n c l u d i n g   a m m o n i a ,  

d y m e t h y l a m i n e ,   m e t h y l a m i n e ,   t r i m e t h y l a m i n e   and  t h e   l i k e .  

I t   i s   s i g n i f i c a n t   t h a t   as  w e l l   as  a  w e a k l y   d i s s o c i a t e d  

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

of  a  m a t e r i a l   w h i c h   c o n v e n t i o n a l l y   can  be  u s e f u l   as  a n  

i n h i b i t o r .  

I t   i s   to  be  e m p h a s i z e d  t h a t   t he   a c t i o n   i s   n o t   o n l y  

an  i n h i b i t o r   in  t h i s   a p p l i c a t i o n ,   bu t   i t   i s   a  name  u s e d  

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

L a r g e   m o l e c u l e s   such   as  t he   p o l y s a c c h a r i d e s   or  u r e a  

or  s u b s t i t u t e d   u r e a s ,   a m i d e s ,   t h i o u r e a   and  s u b s t i t u t e d  



t h i o u r e a s   may  a l s o   be  s u i t a b l e .  

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

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

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

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

a c t i o n   on  t h e   o x i d e   of  t h e   m e t a l ,   a s s i s t i n g   h o p e f u l l y  

in  a l s o   p e r f u s i n g   t h r o u g h   t h e   o x i d e   to  t h e   u n d e r l y i n g  

m e t a l   and  t h e n   a s s i s t i n g   f i r s t l y   in  t h e   l i m i t i n g   of  t h e  

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

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

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

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

p r o v i d e d .  

F i n a l l y ,   i t   i s   a  n e c e s s a r y   f e a t u r e   to  a s s i s t   in  t h e  

l a t e r   p a s s i v a t i o n   t h a t   t h e r e   be  m e t a l   i o n s   p r o v i d e d   i n  

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

s u l p h a t e s .  

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

t h e   s u l p h a t e s   a r e  g e n e r a l l y   w a t e r   s o l u a b l e   and  we  h a v e  

b e e n   t a l k i n g   g e n e r a l l y   of  a q u e o u s   s o l u t i o n s   and  a l s o  

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

a l s o   w a t e r   s o l u a b l e .  

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

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

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

t h e   way  t h e   i n v e n t i o n   wan  be  p r e f e r r a b l y   c a r r i e d   o u t .  

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

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

p r e f e r r e d   fo rm  i s   as  f o l l o w s :  



Four   h u n d r e d   g rams   d r y   u r e a   (46%N  0.4  b i u r e t )  

i s   d i s s o l v e d   in  1600  m i l l i l i t r e s   of  ho t   w a t e r   ( 8 5 ° C )  

and  to  t h i s   i s   a d d e d   200  m i l l i l i t r e s   of  a  s u l p h a t e  

s o l u t i o n ,   t h i s   b e i n g   made  by  d i s s o l v i n g   40  g rams   o f  

e a c h   of  t h e   f o l l o w i n g   m e t a l   s u l p h a t e s   in  1140  m i l l i l i t r e s  

of  w a t e r  -   t h e s e   s u l p h a t e s   b e i n g   C o p p e r   S u l p h a t e ,   C o b a l t  

S u l p h a t e ,   C h r o m i u m   S u l p h a t e ,   N i c k e l   S u l p h a t e ,   M a n g a n e s e  

S u l p h a t e   and  Z inc   S u l p h a t e  - -   and  to   t h i s   m i x t u r e   a d d i n g  

3200  m i l l i l i t r e s   of  p h o s p h o r i c   a c i d   82%  t e c h n i c a l   g r a d e .  

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

The  a b o v e   s o l u t i o n   c o n t a i n s   by  w e i g h t   t h e n :  

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

r e f e r r e d   to   as  t h e   s o l u t i o n   of  t h e   p r e f e r r e d   e m b o d i m e n t  

of  t h e   i n v e n t i o n .  

EXAMPLE  1 

The  m e t a l   a r t i c l e   to  be  p l a t e d   may  f i r s t   be  c l e a n e d  

to  r e m o v e   g r e a s e ,   o i l ,   and  l o o s e   s o l i d s   by  any  of  t h e  

common  m e t h o d s   s u c h   as  s o l v e n t   c l e a n i n g ,   e m u l s i o n  

c l e a n i n g   or  a l k a l i n e   c l e a n i n g .   Where  m i l l   s c a l e   a n d  

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

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

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

t h a t   new  s t e e l   may  be  c l e a n e d   w i t h   s o l v e n t   such   a s  



p e r c h l o r e t h y l e n e   80%  and  b u t a n o l   20%  by  w e i g h t ,   o r  

m e t h y l   e t h y l   k e t o n e ,   p a r t i c u l a r l y   i f   the   i n i t i a l   t e m p e r a t u r e  
of   t h e   s p e c i m e n   i s   f o r   e x a m p l e   f rom  2 0 ° C  -   1 0 0 ° C .  

A d e q u a t e   c l e a n i n g   may  be  g i v e n   by  i m m e r s i n g   t h e   s p e c i m e n  

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

i n v e n t i o n   a t   t e m p e r a t u r e s   of   4 0 ° C  -   100°C  f o r   t i m e s  

d e p e n d i n g   on  t h e   t e m p e r a t u r e   b u t   g e n e r a l l y   of  t h e  

o r d e r   of   10  s e c o n d s   to  1  m i n u t e   a t   1 0 0 ° C .   I f   t h e  

s p e c i m e n   i s   h e a t e d   to  1 0 0 ° C  -   140°C  f i r s t   and  d i p p e d  

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

i n v e n t i o n   a  c l o u d   of  f i n e   b u b b l e s   e m a n a t e s   f rom  t h e  

s p e c i m e n   and  i n d i c a t e s   t h a t   m i c r o - e t c h i n g   has   o c c u r r e d .  

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

The  a r t i c l e   may  t h e n   be  p l a c e d   in  t h e   s e l e c t e d  

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

c o m p r i s i n g :  

O p e r a t i n g   c o n d i t i o n s :  

5 0  -   70°C,   2-6  amps  p e r   dm ,   2  -   6  v o l t s ,   pH 
1 2 . 2  -   1 2 . 8 ,   c u r r e n t   e f f i c i e n c y   5 0  -   60%,  a n o d e s  

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

3  -   6  g r a m s   p e r   l i t r e .  

Or  t h e   a r t i c l e   may  be  p l a c e d   in  a  s e l e c t e d  

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

c o m p r i s i n g :  



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

1 2 . 5   g r a m s  p e r   l i t r e ,   t a r t a r i c   a c i d   18  g r ams   p e r   l i t r e  

or   o x a l i c   a c i d   25  g rams   p e r   l i t r e   to  g i v e   some  r e d u c t i o n .  

The  o p e r a t i n g   c o n d i t i o n s   a r e ,   4 0  -   50°C  1 2  -   20  a m p s  

p e r   dm2,  c u r r e n t   e f f i c i e n c y   1 2  -   15%,  v o l t s   4  -   5,  7% 

a n t i m o n i a l   l e a d   a n o d e s ,   in  a  v a t   made  of   s t e e l ,   l i n e d  

w i t h   7%  a n t i m o n i a l   l e a d .  

EXAMPLE  2 

Where  t he   m e t a l   a r t i c l e   to  be  h e a t e d   i s   z i n c   o r  

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

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

of   t he   i n v e n t i o n   may  be  c a r r i e d   o u t   by  b r u s h i n g ,  

s p r a y i n g   or  i m m e r s i o n .   As  t he   s o l u t i o n   r a t e   f o r   t h e  

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

and  t i m e s   of  i m m e r s i o n   a r e   r e d u c e d   to  p r e v e n t   u n d u e  

e t c h i n g   of  t h e  s u r f a c e ,   f o r   e x a m p l e   a t   40°C ,   5  -   10 

s e c o n d s   may  be  a d e q u a t e .   The  c o p p e r   p l a t i n g   b a t h   s h o w n  

in  e x a m p l e   1  i s   r e c o m m e n d e d   f o r   z i n c   and  z i n c   b a s e d  

d i e c a s t i n g s ;   t he   pH  v a l u e   s h o u l d   be  c o n t r o l l e d   by  a d d i n g  

s o d i u m   h y d r o x i d e   i f   i t   i s   t oo   low,   t a r t a r i c   a c i d   i f   i t  

i s   too   h i g h .  

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

z i n c   and  z i n c   b a s e d   d i e c a s t i n g s   i s   as  f o l l o w s :  

O p e r a t i n g   c o n d i t i o n s :  

1 5  -   21°C,   c u r r e n t   d e n s i t y   100  amps  p e r   d m 2 ,  

6  -   12  v o l t s .  



EXAMPLE  3 

When  the   m e t a l   a r t i c l e   to  be  h e a t e d   i s   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 ,   as  in  s h e e t   or   c a s t i n g s ,   t h e  

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

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

a t   t e m p e r a t u r e s   in  t he   r a n g e   of  2 0 ° C  -   400C  and  t h e  

p r o g r e s s   of   t r e a t m e n t   can  be  g a u g e d   by  t h e   a p p e a r a n c e  

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

The  s p e c i m e n   can  t h e n   be  t r a n s f e r r e d   to  a  c o p p e r   p l a t i n g  

s o l u t i o n   s u c h   as  a l k a l i n e   c o p p e r   of  c o m p o s i t i o n :  

O p e r a t i n g   c o n d i t i o n s :  

2 0  C ,   0 . 3  -   0 .6   amps  p e r   dm ,   c o p p e r   a n o d e s ,   v a t :  

e a r t h e n w a r e   or   p o l y m e r   l i n e d .  

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

s o l u t i o n   s u c h   as  t h a t   in  e x a m p l e   1 .  

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

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

A .E .   C a h i l l   in  U.S .   P a t e n t   2 , 8 7 4 , 0 7 2   ( 1 9 5 9 ) .  

For   e x a m p l e   a  s o l u t i o n   c o u l d   b e :  



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

525  g rams   of  s o d i u m   h y d r o x i d e   and  100  g rams   of  z i n c  

o x i d e   p e r   l i t r e   and  i m m e r s e d   f o r   1  -   3  m i n u t e s   a t  

2 0 ° C ,   r i n s e d   and  c o p p e r   p l a t e d   in  t he   p r e v i o u s l y   m e n t i o n e d  

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

f rom  s o l u t i o n   as  in  e x a m p l e   1 .  

EXAMPLE  4 

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

of   t he   p r e f e r r e d   e m b o d i m e n t   of  the   i n v e n t i o n   i s   f o l l o w e d  

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

or   p h o s p h a t e   a t   4 0  -   100°C  f o r   5  s e c o n d s  -   1  m i n u t e  

a t   1 0 0 ° C ,   w h i c h   p r o d u c e s   a  m e t a l   p h o s p h a t e   c o a t i n g  

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

f o r   e x a m p l e :  

A  f u r t h e r   s o l u t i o n   i s   f o r   e x a m p l e :  

EXAMPLE  5 

In  e x a m p l e   4,  m e t a l   s u l p h a t e s   or  p h o s p h a t e s   a r e   u s e d  

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

p l a t i n u m   and  z i n c .  

EXAMPLE  6 

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

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

p r o c e s s .  



A  s u i t a b l e   s o l u t i o n   i s   as  f o l l o w s :  

The  c o p p e r   s u l p h a t e   may  be  r e p l a c e d   by  n i c k e l ,  

c o b a l t ,   m a n g a n e s e ,   z i n c ,   s i l v e r   or  g o l d ,   or   b y  

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

m e t a l   s u r f a c e .  

EXAMPLE  7 

The  s o l u t i o n   of  t h e   p r e f e r r e d   e m b o d i m e n t   o f   t h e  

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

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

p l a t i n g   s o l u t i o n   of  c h r o m i c   a c i d   250  grams  p e r   l i t r e ,  

s u l p h u r i c   a c i d   25  g rams   p e r   l i t r e   and  i s   o p e r a t e d  

a t   300  amps  p e r   s q u a r e   f o o t   a t   4  -   8  v o l t s .  

T h e s e   e x a m p l e s   a r e   by  way  of  i l l u s t r a t i o n   o n l y  

and  a r e   n o t   i n t e n d e d   to   l i m i t   t h e   i n v e n t i o n .  



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

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

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

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

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

t e d   so  as  to  be  s u b s t a n t i a l l y   n o n - r e a c t i v e   w i t h   a n y  
o x i d e   of  t h e   m e t a l   s u r f a c e ,   a d a p t e d   to  p e r f u s e   t h r o u g h  

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

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

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

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

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

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

e l e c t r o m o t i v e   s e r i e s   w i t h   r e s p e c t   to  t h e   m e t a l   of  t h e  

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



t he   m e t a l   of  t h e   s u r f a c e   b u t   to  s u b s t a n t i a l l y   r e s i s t  

a c c e s s   to  t h e   m e t a l s   or  g a s s e s   so  as  to  s i g n i f i c a n t l y  

r e t a r d   any  f o r m a t i o n   of  o x i d e s   of  t h e   m e t a l   f o r m i n g  

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

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

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

2.  A  m e t h o d   of  m e t a l   s u r f a c e   t r e a t m e n t   as  in  C l a i m  

1  w h e r e i n   s a i d   s o l u t i o n   i n c l u d e s :  

(1)  a  weak  a c i d   or  weak  b a s e ,  

(2)  an  i n h i b i t o r ,   a n d  '  

(3)  s a l t s   of  one  or  more  t r a n s i t i o n   m e t a l s  

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

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

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

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

s u r f a c e ,  

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

t he   r a t e   of  r e a c t i o n   of  t h e   a c i d   w i t h   the   u n o x i d i z e d  

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

in  t h e   s a i d   s o l u t i o n ,   and  f u r t h e r   to  a t   l e a s t   s u b -  

s t a n t i a l l y   l i m i t   g a s e o u s   e f f u s i o n   and  h e n c e   l i m i t i n g  

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

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

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

such   t h a t   a t   l e a s t   a f t e r   an  i n i t i a l   r e a c t i o n   w i t h   t h e  

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

the   one  or  more   of  t h e   m e t a l   s a l t s   in  s o l u t i o n   w i t h   t h e  

u n o x i d i z e d   m e t a l   s u r f a c e   as  a  c o m p l e x .  



3.  A  m e t h o d  o f   m e t a l   s u r f a c e   t r e a t m e n t   as  in  C l a i m  

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

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

a c i d ,   c i t r i c   a c i d ,   s u c c i n i c   a c i d ,   m a l a e i c   a c i d ,  

t a n n i c   a c i d   and  f o r m i c   a c i d .  

4.  The  m e t h o d   of  m e t a l   s u r f a c e   t r e a t m e n t   as  in  C l a i m  

2  w h e r e i n   t h e   weak  b a s e   i s   s e l e c t e d   f rom  t h e   g r o u p  

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

t r i m e t h y l a m i n e .  

5.  A  m e t h o d   of  m e t a l   s u r f a c e   t r e a t m e n t   as  in  e i t h e r  

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

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

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

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

6.  A  m e t h o d   of  m e t a l   s u r f a c e   t r e a t m e n t   as  in   a n y  o n e  
of  C l a i m s   2  to  6  w h e r e i n   t h e   m e t a l   s a l t s   a r e   s e l e c t e d  

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

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

m a n g a n e s e   s u l p h a t e .  

7.  A  m e t h o d   of   m e t a l   s u r f a c e   t r e a t m e n t   as  in  C l a i m  

2  in  w h i c h   t h e   a c i d   i s   p h o s p h o r i c   a c i d   and  t he   i n h i b i t o r  

i s   u r e a   and  t h e   p r o p o r t i o n s   by  w e i g h t   a r e   w i t h i n   t h e  

r a n g e   of  a p p r o x i m a t e l y   5  -   15%  by  w e i g h t   of  u r e a   a s  

c o m p a r e d   to  t h e   w e i g h t   of  p h o s p h o r i c   a c i d .  



8.  A  m e t h o d   of  m e t a l   s u r f a c e   t r e a t m e n t   as  in  a n y  

one  of  C l a i m s   2  to  7  in  w h i c h   t he   c o n c e n t r a t i o n   o f  

m e t a l s   s a l t s   i s   in  t h e   r a n g e   of  0 . 5  -   1.5%  by  w e i g h t  

as  c o m p a r e d   to  t h e   w e i g h t   of  p h o s p h o r i c   a c i d .  

9.  A  m e t h o d   of  m e t a l   s u r f a c e   t r e a t m e n t   as  in  a n y  

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

c o a t i n g   i s   a p p l i e d   by  means   of  a  c h e m i c a l   p l a t i n g  

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

t h u s   p r e p a r e d   s u r f a c e .  

10.  A  m e t h o d   of  m e t a l   s u r f a c e   t r e a t m e n t   as  in  a n y  

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

c o a t i n g   s o l u t i o n   i s   a p p l i e d   by  means   of  an  e l e c t r o -  

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

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

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

s u r f a c e .  

11.  A  m e t h o d   of  m e t a l   s u r f a c e   t r e a t m e n t   as  in  a n y  

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

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

p i g m e n t s   in  a  s o l v e n t   and  s a i d   c o a t i n g   m a t e r i a l   i s   a 

p a i n t .  

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

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

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

more  s o l u b l e   m e t a l   s a l t s   s e l e c t e d   f rom  t h e   s a l t s   o f  

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

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



s o l u t i o n   or   w i t h   a  f u r t h e r   s o l u t i o n ,   to  t h e   t h u s  

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

by  way  of  e l e c t r o - d e p o s i t i o n   or  o t h e r w i s e   o n t o   t h e  

t h u s   p r e p a r e d   s u r f a c e .  

13.  The  m e t h o d   of  t r e a t m e n t   of  a  m e t a l   s u r f a c e   a s  

in  C l a i m   12  in  w h i c h   t h e   u r e a   i s   p r e s e n t   in  a  c o n -  

c e n t r a t i o n   of   f rom  5  -   15%,by   w e i g h t   c o m p a r e d   to   t h e  

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

14.  The  m e t h o d   of  t r e a t m e n t   of  a  m e t a l   s u r f a c e   a s  

in   C l a i m   12  in  w h i c h   t h e   c o n c e n t r a t i o n   of  p h o s p h o r i c  

a c i d   i s   t h e   r a n g e   of   4 0  -   75%  by  w e i g h t   as  c o m p a r e d  

to  t h e   w e i g h t   of  t h e   s o l u t i o n .  

15.  The  m e t h o d   of  t r e a t m e n t   of  a  m e t a l   s u r f a c e   a s  

in  a n y  o n e   of  C l a i m s   12,  13  or  14  i n  w h i c h   t he   f u r t h e r  

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

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

p r e p a r e d   s u r f a c e .  

16.  The  m e t h o d   of   t r e a t m e n t   of  a  m e t a l   s u r f a c e   as  i n  

a n y  o n e   of   C l a i m s   12,  13  or  14  in  w h i c h   t h e   f u r t h e r  

a p p l i c a t i o n   c o m p r i s e s   t h e   use   of  an  e l e c t r o p l a t i n g  
s o l u t i o n   and  f u r t h e r   a p p l y i n g   an  e l e c t r i c   c u r r e n t   t o  

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

t h e   t h u s   p r e p a r e d   s u r f a c e .  

17.  The  m e t h o d   of  t r e a t m e n t   of  a  m e t a l   s u r f a c e   a s  
in   a n y  o n e   of   C l a i m s   12,  13  or  14  in  w h i c h   t h e   f u r t h e r  



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

p o l y m e r i c   r e s i n   and  p i g m e n t s   in  a  s o l v e n t   and  s a i d  

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