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@  Phosphating  metal  surfaces. 

  Surfaces  of  iron-based  metals  or  zinc-based  metals  are 
phosphated  by  contacting  the  metal  surfaces  with  an  acidic 
aqueous  solution  containing  from  0.1  to  2.0  g/I  of  zinc  ion, 
from  5  to  30  g/I  of  phosphate  ion,  from  0.2  to  3  g/I  of  man- 
ganese  ion,  and  a  conversion  coating  accelerator.  The 
phosphated  metal  surfaces  are  then  suitable  for  electro- 
coating. 



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

J a p a n e s e   P a t e n t   P u b l i c a t i o n s   ( u n e x a m i n e d )  
No.  1 0 7 7 8 4 / 1 9 8 0   and  No.  1 5 2 1 8 3 / 1 9 8 0  ( b o t h   in  the  name 
Nippon  P a i n t   Co.  L t d . )   d i s c l o s e   p h o s p h a t i n g   methods   f o r  

t r e a t i n g   i r o n - b a s e d   me ta l   s u r f a c e s   which  are  p a r t i c u l a r l y  
s u i t a b l e   for   t r e a t i n g   m a n u f a c t u r e d   p r o d u c t s   h a v i n g  
c o m p l i c a t e d   s u r f a c e s ,   such  as  a u t o m o b i l e   b o d i e s .   The 

p h o s p h a t i n g   methods   are  in  use  c o m m e r c i a l l y   in  t h e  
a u t o m o t i v e   i n d u s t r y   for  p r e - t r e a t i n g   a u t o m o b i l e   b o d i e s  

p r i o r   to  c a t i o n i c   e l e c t r o c o a t i n g ,   which  is  a  c o a t i n g  

p r o c e s s   now  used  e x t e n s i v e l y   in  t h i s   i n d u s t r y .   The 

p h o s p h a t i n g   method  of  J a p a n e s e   P a t e n t   P u b l i c a t i o n  

No.  1 0 7 7 8 4 / 1 9 8 0   is  c a r r i e d   out  by  f i r s t   s u b j e c t i n g   t h e  

meta l   s u r f a c e   to  a  d i p p i n g   t r e a t m e n t  w i t h   an  a c i d i c  

aqueous   s o l u t i o n   c o n t a i n i n g   0.5  to  1.5  g / l   of  z inc  i o n ,  
5  to  30  g/1  of  p h o s p h a t e   ion,   and  0 .01  to  0.2  g/1  o f  
n i t r i t e   ion  a n d / o r   0.05  to  2  g/1  of  m - n i t r o b e n z e n e -  
- s u l f o n a t e   ion  at  a  bath  t e m p e r a t u r e   of  40°  to  70°C  f o r  
15  s e c o n d s   or  more,  f o l l o w e d   by  s p r a y i n g   with  the  a b o v e -  
- m e n t i o n e d   s o l u t i o n   for   2  s e c o n d s   or  more.   The  method  o f  

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  1 5 2 1 8 3 / 1 9 8 0   c o m p r i s e s  
s p r a y i n g   onto  the  me ta l   s u r f a c e   an  a c i d i c   a q u e o u s  
s o l u t i o n   c o n t a i n i n g   0.4  to  1.0  g / l   of  zinc  ion ,   5  t o  
40  g/1  of  p h o s p h a t e   ion ,   0.01  to  0.2  g / l   of  n i t r i t e   i o n  
and  2.0  to  5.0  g/1  of  c h l o r a t e   ion  at  40°  to  70οC  f o r  
40  s e c o n d s   or  m o r e .  

R e c e n t l y ,   in  the  a u t o m o t i v e   i n d u s t r y ,   with  the  a im  
of  f u r t h e r   i m p r o v i n g   c o r r o s i o n - r e s i s t a n c e   a f t e r   t h e  

a p p l i c a t i o n   of  a  s i c c a t i v e   c o a t i n g ,   s t e e l   componen t s   w h i c h  

are  p l a t e d   on  one  s u r f a c e   only  with  z inc  or  a  z inc   a l l o y  
have  come  to  be  used  as  m a t e r i a l s   for   a u t o m o b i l e   b o d i e s .  

When  the  p r o c e s s e s   of  t h e s e   J a p a n e s e   P a t e n t   P u b l i c a t i o n s  

are  a p p l i e d   to  such  m a t e r i a l s   ( i . e .   to  me ta l   c o m p o n e n t s  

hav ing   both  i r o n - b a s e d   me ta l   s u r f a c e s   and  z i n c - b a s e d  



meta l   s u r f a c e s ) ,   the  i r o n - b a s e d   s u r f a c e s   are  p r o v i d e d  
wi th   a  p h o s p h a t e   c o a t i n g   f i lm  h a v i n g   a  low  f i lm   t h i c k n e s s  

with  u n i f o r m   and  dense  cub ic   or  p l a t e - l i k e   c r y s t a l s ,  

as  well   as  e x c e l l e n t   a d h e s i o n   and  c o r r o s i o n - r e s i s t a n c e .  
Such  a  p h o s p h a t e   c o a t i n g   on  the  i r o n - b a s e d   s u r f a c e   i s  

s u i t a b l e   as  a  s u b s t r a t e   for   c a t i o n i c   e l e c t r o c o a t i n g .  
However,  in  the  case  of  the  p h o s p h a t e   c o a t i n g   f i lm  f o r m e d  

on  the  z i n c - b a s e d   s u r f a c e s ,   the  r e s i s t a n c e   to  s a l t   w a t e r  

s p r a y i n g   a f t e r   the  a p p l i c a t i o n   of  a  c a t i o n i c   e l e c t r o -  

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

( t e s t e d   by  immers ion   of  the  s u r f a c e   b e a r i n g   the  f i l m  

with  c r o s s - h a t c h e d   s c r a t c h e s   in  warm  w a t e r )   a f t e r   t h e  

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

top  c o a t i n g   is  g r e a t l y   i n f e r i o r   to  t h a t   on  the  i r o n -  

- b a s e d   s u r f a c e s .  
In  a d d i t i o n   to  t h e s e   J a p a n e s e   P a t e n t   P u b l i c a t i o n s ,  

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

c o m p o s i t i o n s   for   me ta l   s u r f a c e s :  

U.S.  P a t e n t   3 , 3 3 8 , 7 5 5   ( J e n k i n s   e t  a l )   d i s c l o s e s   a 

p r o c e s s   for   p h o s p h a t i n g   meta l   s u r f a c e s   wi th   a  p h o s p h a t i n g  
s o l u t i o n   c o n t a i n i n g   z inc ,   m a n g a n e s e ,   p h o s p h a t e ,   n i t r a t e ,  
and  n i t r i t e ,   as  e s s e n t i a l   i n g r e d i e n t s ,   in  s t a t e d  

p r o p o r t i o n s .  
German  P a t e n t   29  31  693  ( F o s f a - C o l )   d i s c l o s e s   a 

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

m a n g a n e s e ,   p h o s p h a t e ,   n i t r a t e ,   and  c h l o r a t e   ions   i n  
s t a t e d   g ram-a tom  r e l a t i o n s h i p s .  

However,  none  of  the  above  p r o p o s e d   p h o s p h a t i n g  
methods   has  s u c c e e d e d   in  g i v i n g   s a t i s f a c t o r y   r e s u l t s ,  

e s p e c i a l l y   with  the  a b o v e - m e n t i o n e d   c o m b i n a t i o n   o f  

s u b s t r a t e   m a t e r i a l s .  

J a p a n e s e   P a t e n t   J 5 0 1 3 9 - 0 3 9   (JA  197511)   d i s c l o s e s  

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   m a n g a n e s e  
ions   for   the  t r e a t m e n t   of  z inc   s u r f a c e s .   However,   t h i s  

p r i o r   a r t   s o l u t i o n   c o n t a i n s   from  3  to  20  g / l   of  z i n c  

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



l e a f - l i k e   c r y s t a l s   on  i r o n - b a s e d   s u r f a c e s .   Such  l e a f -  
- l i k e   c r y s t a l s   are  u n s u i t a b l e   as  a  s u b s t r a t e   f o r  
c a t i o n i c   e l e c t r o c o a t i n g .   Hence,  the  s o l u t i o n s   of  t h i s  

p a t e n t   are  u n s u i t a b l e   for  t r e a t i n g   both  z i n c - b a s e d  a n d  

i r o n - b a s e d   s u r f a c e s .  

The  p r e s e n t   i n v e n t o r s   have  s u p r i s i n g l y   found  t h a t  

by  the  i n c l u s i o n   of  d e f i n e d   a u a n t i t i e s   of  manganese   i o n  
in  c e r t a i n   a c i d i c   aqueous   p h o s p h a t i n g   s o l u t i o n s ,   v e r y  
s a t i s f a c t o r y   r e s u l t s   can  be  a t t a i n e d ,   and  t h a t   t h e  

r e s u l t i n g   s o l u t i o n s   can  be  a p p l i e d   by  d i p p i n g ,   s p r a y i n g ,  
or  a  c o m b i n a t i o n   t h e r e o f .   The  i n v e n t o r s   have  f u r t h e r  

found  t h a t   whi le   c h l o r a t e   ion  can  a l s o   be  p r e s e n t ,   i t   i s  
not  an  e s s e n t i a l   component   of  the  t r e a t i n g   s o l u t i o n  

e s p e c i a l l y   for   sp ray   a p p l i c a t i o n s ,   p r o v i d e d   the  d e f i n e d  
amounts   of  manganese   ion  are  p r e s e n t ,   and  t h a t   even  when 

c h l o r a t e   i o n  i s   added ,   as  is  p r e f e r r e d ,   the  amounts   o f  

c h l o r a t e   ion  can  be  m a r k e d l y   lower   than  t h o s e   of  known 

c o m p o s i t i o n s .  

A c c o r d i n g l y ,   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 n  

improved  p h o s p h a t i n g   method  for   m e t a l   s u r f a c e s ,   which  i s  

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

as  t h o s e   of  car   b o d i e s ,   which  have  both  i r o n - b a s e d  

s u r f a c e s   and  z i n c - b a s e d   s u r f a c e s .   The  i n v e n t i o n   a l s o  

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

p h o s p h a t e   c o a t i n g   f i l m s   r e s u l t i n g   from  t h e i r   use .   The 
method  is  e s p e c i a l l y   a d v a n t a g e o u s   for   f o r m i n g   p h o s p h a t e  

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

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

p h o s p h a t i n g   an  i r o n -   or  z i n c - b a s e d   me ta l   s u r f a c e  

c o m p r i s i n g   c o n t a c t i n g   the  me ta l   s u r f a c e   with  an  a c i d i c  

aqueous   s o l u t i o n   c o n t a i n i n g :  
(a)  from  abou t   0.1  to  abou t   2.0  g /1 ,   p r e f e r a b l y  

abou t   0.5  to  about   1.5  g / l ,  a n d   m o r e  

p r e f e r a b l y   about   0.7  to  about   1.2  g / 1 ,  o f   z i n c  

i o n ;  



(b)  from  about   5  to  about   30  g / 1 ,   p r e f e r a b l y   a b o u t  

10  to  about   20  g / l ,   of  p h o s p h a t e   i o n ;  

(c)  from  about   0.2  to  abou t   3  g / l ,   p r e f e r a b l y   a b o u t  
0.6  to  about   3  g / l ,   and  more  p r e f e r a b l y   a b o u t  
0.8  to  about   2  g / l ,   of  manganese   i on ;   a n d  

(d)  a  c o n v e r s i o n   c o a t i n g   a c c e l e r a t o r   which  i s  

p r e f e r a b l y   at  l e a s t   one  of  the  f o l l o w i n g :  
( i )   from  about   0.01  to  abou t   0.2  g / l ,  

p r e f e r a b l y   about   0 .04  to  abou t   0 .15  g / l ,  
of  n i t r i t e   i o n ;  

( i i )   from  about   0.05  to  abou t   2  g / l ,   p r e f e r a b l y  
about   0.1  to  abou t   1.5  g / l ,   o f  

m - n i t r o b e n z e n e - s u l f o n a t e   ion ;   and  

( i i i )   from  about   0.5  to  abou t   5  g / l ,   p r e f e r a b l y  
about   1  to  about   4  g / l ,   of  h y d r o g e n  

p e r o x i d e   (based  on  100%  H 2 0 2 ) .  
The  i n v e n t i o n   a l s o   p r o v i d e s   an  a c i d i c   a q u e o u s  

c o m p o s i t i o n   for   p h o s p h a t i n g   an  i r o n -   o r  z i n c - b a s e d   m e t a l  

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

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

which  upon  d i l u t i o n   with  water   forms  a  s o l u t i o n   for   u s e  
in  the  a p p l i c a t i o n   of  a  c o n v e r s i o n   c o a t i n g   to  i r o n -   o r  
z i n c - b a s e d   me ta l   s u r f a c e s ,   which  c o n c e n t r a t e   c o m p r i s e s :  

a.  at  l e a s t   25  g/1  of  z inc   i o n ;  
b.  from  2.5  to  300  p a r t s   by  we igh t   of  p h o s p h a t e  

i o n ;  

c.  from  0.1  to  30  p a r t s   by  w e i g h t   of  m a n g a n e s e  
ion ;   and  o p t i o n a l l y  

d.  from  0.05  to  40  p a r t s   by  we igh t   of  n i c k e l   i o n ;  
the  p a r t s   by  we igh t   be ing   per  1  p a r t   by  we igh t   of  z i n c  

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

hav ing   an  i r o n -   or  z i n c - b a s e d   s u r f a c e ,   which  s u r f a c e   i s  

coa t ed   with  a  z inc  p h o s p h a t e   c o n v e r s i o n   c o a t i n g   w h i c h  

c o n t a i n s   from  1  to  20%,  p r e f e r a b l y   2  to  15%,  e s p e c i a l l y  
2  to  7%,  by  we igh t   of  m a n g a n e s e ,   and  which  c o a t i n g   has  a 



n o n - l e a f - l i k e   c r y s t a l   s t r u c t u r e   on  i r o n - b a s e d   s u r f a c e s .  

The  me ta l   s u r f a c e   can  be  c o n t a c t e d   with  t h e  

a c i d i c   aqueous   s o l u t i o n   by  s p r a y i n g   the  s o l u t i o n   o n t o  

the  s u r f a c e   of  the  m e t a l ,   by  d i p p i n g   the  me ta l   s u r -  
face   i n t o   the  s o l u t i o n ,   or  by  a  c o m b i n a t i o n   of  d i p p i n g  
and  s p r a y i n g   s t e p s .  

In  a  p a r t i c u l a r ,   p r e f e r r e d ,   embod imen t ,   t h e  

s o l u t i o n   c o n t a i n s   0.1  to  0.4  g/1  of  z inc   ion .   I n  

a n o t h e r   p a r t i c u l a r ,   p r e f e r r e d ,   e m b o d i m e n t ,   t h e  
s o l u t i o n   c o n t a i n s   1.6  to  2.0  g / l   of  z inc   ion .   I n  

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

t i o n   c o n t a i n s   0.2  to  0.5  g / l   of  manganese   i o n .  
In  a  p a r t i c u l a r l y   s u r p r i s i n g   and  p r e f e r r e d  

embod imen t ,   the  p r e s e n t   p r o c e s s   c o n s i s t s   e s s e n t i a l l y  
of  c o n t a c t i n g   the  m e t a l   s u r f a c e   wi th   the  s o l u t i o n   by 

s p r a y i n g   the  me ta l   s u r f a c e   with  the  s o l u t i o n   by 
o p t i o n a l l y   a f t e r   s p r a y i n g   d i p p i n g   the  me ta l   s u r f a c e   i n  

the  s o l u t i o n .   This  is  d i s t i n g u i s h e d   from  a  c o n t a c t i n g  
which  c o n s i s t s   of  d i p p i n g   or  d i p p i n g   f o l l o w e d   by 

s p r a y i n g .   In  the  p r e s e n t   embod imen t ,   the  c o n t a c t i n g  

can  be  by  s p r a y i n g   more  than  once  o p t i o n a l l y   i n t e r r u p t e d  

by  d i p p i n g .  
O p t i o n a l l y ,   the  p r e s e n t   a c i d i c   aqueous   s o l u t i o n  

may  a l s o   c o n t a i n   one  or  more  of  the  f o l l o w i n g :  
(e)  from  about   0.1  to  abou t   4  g / l ,   p r e f e r a b l y  

about   0.3  to  abou t   2  g / l ,   of  n i c k e l   i o n ;  
(f)   from  abou t   1  to  abou t   10  g / l ,   p r e f e r a b l y  

about   2  to  abou t   8  g / 1 ,   of  n i t r a t e   ion ;   and  

(g)  from  abou t   0.05  to  abou t   3  g/1  ( fo r   e x a m p l e  
2.1  to  3  g / 1 ) ,   p r e f e r a b l y   about   0.05  t o  

about   1.9  g / l ,  a n d   more  p r e f e r a b l y   abou t   0 . 2  

to  abou t   1.5  g / l ,   of  c h l o r a t e   ion  for   b o t h  

d i p p i n g  a n d   s p r a y i n g   use .   However  where  a 

s p r a y  p r o c e s s   is  used  with  a  z inc   i o n  

concentrat ion of   more  than  1  g /1 ,   i .e .   from  >1.0  g /1  
t o  a b o u t   2.0  g/1  of  z inc   ion ,   then  up  t o  abou t  
5  g/1  (for  example  2  to  5 g/1) of  chlorate   ion  can  be 



p r e s e n t   in  the  s o l u t i o n .   Use  of  c h l o r a t e  
c o n c e n t r a t i o n s   in  e x c e s s   of  t h e s e   r a n g e s   is  n o t  

a d v i s a b l e   s i nce   at  h i g h e r   c h l o r a t e   l e v e l s  

the  p h o s p h a t i n g   r a t e   becomes  too  r a p i d   f o r  

s a t i s f a c t o r y   c o n t r o l .  
The  p r e s e n t   p r o c e s s   is  c a r r i e d   out  p r e f e r a b l y   a t  

a  t e m p e r a t u r e   of  from  about   40°  to  abou t   7 0 ° C ,  

e s p e c i a l l y   about   45°  to  abou t   60°C,  and  p r e f e r a b l y  
for   a  c o n t a c t   t ime  of  at  l e a s t   5  s e c o n d s ,   m o r e  
p r e f e r a b l y   at  l e a s t   15  s e c o n d s ,   e s p e c i a l l y   abou t   30 
to  about   180  s e c o n d s ,   and  most  p r e f e r a b l y   about   30 
to  abou t   120  s e c o n d s ,   as  h e r e i n a f t e r   d i s c u s s e d .   The 

p e r i o d   of  t r e a t m e n t   is  g e n e r a l l y   at  l e a s t   about   15 
s econds   for   d i p p i n g   and  at  l e a s t   a b o u t   5  s e c o n d s   f o r  

s p r a y i n g .   It  shou ld   be  noted  t h a t   at  t e m p e r a t u r e s  
below  about   400C  c o a t i n g s   can  be  f o r m e d ,   but  t h e  

c o a t i n g   is  s p a r s e ,   c o a t i n g   f o r m a t i o n   is  r e l a t i v e l y  
slow  and  l o n g e r   t imes   are  r e q u i r e d   to  f o r m  

s a t i s f a c t o r y   c o a t i n g s .   At  t e m p e r a t u r e s   above  70°C,  t h e  
c o n v e r s i o n   c o a t i n g   a c c e l e r a t o r s   beg in   to  decompose   at  an  
u n a c c e p t a b l e   r a t e ,   chang ing   the  c o m p o s i t i o n   of  t h e  
s o l u t i o n   and  r e s u l t i n g   in  an  u n a c c e p t a b l e   c o n v e r s i o n  

c o a t i n g ;   a l s o ,   p r e c i p i t a t e s   beg in   to  form  in  the  b a t h .  

F o l l o w i n g   the  p r e s e n t   t r e a t m e n t ,   the  p h o s p h a t e d  
me ta l   s u r f a c e ( s )   are  then  u s u a l l y   c o a t e d   with  a 
s i c c a t i v e   c o a t i n g   by  a  known  e l e c t r o c o a t i n g   p r o c e s s ,  
p r e f e r a b l y   by  the  c a t i o n i c   e l e c t r o c o a t i n g   p r o c e s s .  

The  term  " i r o n -   or  z i n c - b a s e d   m e t a l   s u r f a c e "   a s  
used  h e r e i n   means  i r o n - b a s e d   s u r f a c e s ,   i r on   a l l o y - b a s e d  

s u r f a c e s ,   z i n c - b a s e d   s u r f a c e s ,   and  z inc   a l l o y - b a s e d  
s u r f a c e s .   Z i n c - b a s e d   and  zinc  a l l o y - b a s e d   s u r f a c e s  

i n c l u d e ,   for   example ,   z inc  p l a t e d   s t e e l   p l a t e   f o r m e d  

by  hot  d i p p i n g ,   a l l o y e d   zinc  p l a t e d   s t e e l   p l a t e   f o r m e d  

by  hot  d i p p i n g ,   zinc  p l a t e d  s t e e l   p l a t e   formed  by 

e l e c t r o p l a t i n g ,   and  a l l o y e d   z inc   p l a t e d   s t e e l   p l a t e  
formed  by  e l e c t r o p l a t i n g .  



An  i m p o r t a n t   a d v a n t a g e   of  the  p r e s e n t   i n v e n t i o n  
is  t h a t   s u r f a c e s   of  meta l   c o m p o n e n t s ,   such  as  c a r  

b o d i e s ,   t h a t   c o n t a i n   both  i r o n - b a s e d   s u r f a c e s   and  

z i n c - b a s e d   s u r f a c e s   can  be  t r e a t e d   by  the  p r o c e s s   o f  
the  i n v e n t i o n   with  e x c e l l e n t   r e s u l t s .   In  f a c t ,   t h e  

p r o c e s s   of  the  i n v e n t i o n   p r o d u c e s   b e t t e r   c o n v e r s i o n  

c o a t i n g s   than  are  o b t a i n a b l e   wi th   c o n v e n t i o n a l   dip  o r  

s p r a y   t r e a t i n g   p r o c e s s e s ,   and  the  amount  of  e t c h i n g   o f  

the  me ta l   s u r f a c e s   d u r i n g   the  p r e s e n t   p r o c e s s   is  o n l y  
2/3  to  4/5  t h a t   of  c o n v e n t i o n a l   p r o c e s s e s ,   so  t h a t  

both  the  q u a n t i t y   of  c h e m i c a l s   used  in  the  p r o c e s s  
as  wel l   as  s l u d g e   f o r m a t i o n   is  only  from  2/3  to  4 / 5  

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

e q u a l l y   a p p l i c a b l e   to  the  t r e a t m e n t   of  a  s i n g l e   m e t a l  

s u r f a c e   of  a  type   d e s c r i b e d   a b o v e .  
The  me ta l   s u r f a c e   to  be  p h o s p h a t e d   is  p r e f e r a b l y  

f i r s t   d e g r e a s e d   by  d i p p i n g   in  a n d / o r   s p r a y i n g   wi th   a 
known  a l k a l i n e   d e g r e a s i n g   agen t   at  50°  to  60°C  fo r   a 
few  m i n u t e s ;   washed  with  tap  w a t e r ;   d ipped   in  a n d / o r  

s p r a y e d   with  a  known  s u r f a c e   c o n d i t i o n e r   at  room 
t e m p e r a t u r e   for   10  to  30  s e c o n d s ;   and  the  thus   t r e a t e d  

me ta l   s u r f a c e   then  c o n t a c t e d   wi th   the  a c i d i c   a q u e o u s  
s o l u t i o n   of  the  i n v e n t i o n   at  abou t   40°  to  about   70οC  f o r  

at  l e a s t   5  s e c o n d s .   F i n a l l y ,   the  thus   t r e a t e d   m e t a l  

s u r f a c e   is  p r e f e r a b l y   washed  wi th   tap  wa te r   and  then   w i t h  

d e i o n i z e d   w a t e r .   An  a c i d i c   f i n a l   c h r o m a t e   r i n s e   can  be 

employed  b e f o r e   the  r i n s e   wi th   d e i o n i z e d   w a t e r .  
In  a  p r e f e r r e d   embodiment   of  the  i n v e n t i o n ,   use  i s  

made  of  a  d i p p i n g   p r o c e d u r e .   In  t h i s   embodiment ,   t h e  

a c i d i c   aqueous   s o l u t i o n   p r e f e r a b l y   c o n t a i n s  
( a ' )   from  about   0.5  to  about   1.5  g / l ,   more  

p r e f e r a b l y   about   0.7  to  abou t   1.2  g / l ,   of  z i n c  

i o n ;  
( b ' )  f r o m   about   5  to  about   30  g / l ,   m o r e  

p r e f e r a b l y   abou t   10  to  a b o u t . 2 0   g / l ,   o f  

p h o s p h a t e   i o n ;  



( c ' )   from  about   0.6  to  abou t   3  g / l ,   more  

p r e f e r a b l y   about   0.8  to  abou t   2  g / l ,   o f  

manganese   i on ;   and  

( d ' )   the  c o n v e r s i o n   c o a t i n g   a c c e l e r a t o r ,  

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

While  t h e s e   r a n g e s   are  p r e f e r r e d ,   they   can  be  a d j u s t e d  
w i t h i n   the  b r o a d e r   l i m i t s   s t a t e d   above  d e p e n d i n g  o n   t h e  

i n t e n d e d   o b j e c t s ,   m a t e r i a l s   and  c o n d i t i o n s   u sed .   Howeve r ,  
c e r t a i n   g e n e r a l   c r i t e r i a   for  t h i s   dip  p r o c e s s   may  be 

u s e f u l l y   s t a t e d   here   as  f o l l o w s :   When  the  amount  of  z i n c  

ion  is  l e s s   than  about   0.5  g / l ,   an  even  p h o s p h a t e   f i l m  

is  u s u a l l y   not  formed  on  an  i r o n - b a s e d   s u r f a c e ,   and  a  

p a r t i a l l y   b l u e - c o l o u r e d   f i lm  is  o f t e n   fo rmed .   When  t h e  

amount  of  z inc   ion  exceeds   abou t   1.5  g / l ,   then  t h o u g h  

an  even  p h o s p h a t e   f i lm  is  f o rmed ,   the  f i lm  formed  on  a n  
i r o n - b a s e d   s u r f a c e   t ends   to  be  in  the  form  of  l e a f - l i k e  

c r y s t a l s ,   which  are  u n s u i t a b l e   as  a  s u b s t r a t e   f o r  

c a t i o n i c   e l e c t r o c o a t i n g .   When  the  amount  of  p h o s p h a t e  
ion  in  the  s o l u t i o n   is  l e s s   than   abou t   5  g / l ,   an  u n e v e n  
f i lm  r e s u l t s .   When  the  amount  of  p h o s p h a t e   ion  e x c e e d s  
about   30  g / l ,   no  f u r t h e r   improvemen t   in  the  p h o s p h a t e   f i l m  

is  r e a l i z e d   and  hence ,   whi le   not  h a r m f u l ,   use  of  p h o s p h a t e  
ion  above  about  30  g/1  is  uneconomical.  When  the  amount  o f  
manganese   ion  is  l e s s   than  about   0.6  g / l ,   the  m a n g a n e s e  
c o n t e n t   in  the  f i lm  formed  on  the  z i n c - b a s e d   s u r f a c e  
is  i n s u f f i c i e n t ,   r e s u l t i n g   in  i n a d e q u a t e   a d h e s i v i t y   o f  
the  c o a t i n g   f i lm   to  the  p h o s p h a t e   s u b s t r a t e   a f t e r  
c a t i o n i c   e l e c t r o c o a t i n g .   When  the  amount  of  m a n g a n e s e  
ion  exceeds   about   3  g / l ,   no  f u r t h e r   improvemen t   in  t h e  

p h o s p h a t e   c o a t i n g   is  r e a l i z e d ,  a n d   hence ,   i t   i s  

u n e c o n o m i c a l   to  use  amounts   in  e x c e s s   of  abou t   3  g / 1 .  
With  r e s p e c t   to  the  c o n v e r s i o n   c o a t i n g  

a c c e l e r a t o r ,   when  the  amount  of  t h e s e   a c c e l e r a t o r s   i s  

l e s s   than  the  lower  amounts   g iven   above ,   the  c o n v e r s i o n  

c o a t i n g   on  i r o n - b a s e d   s u r f a c e s   is  i n a d e q u a t e ,   f o r m i n g  



y e l l o w   r u s t ,   e t c .   When  the  amount  of  a c c e l e r a t o r  

e x c e e d s   the  h i g h e r   amounts   g iven   above ,   a  b l u e - c o l o u r e d  

uneven  f i lm  is  formed  on  i r o n - b a s e d   s u r f a c e s .  

In  a n o t h e r   p r e f e r r e d   embodiment   of  the  i n v e n t i o n ,  
use  is  made  of  a  s p r a y i n g   p r o c e d u r e .   In  t h i s   e m b o d i m e n t ,  
the  a c i d i c   a q u e o u s   s o l u t i o n   d e s i r a b l y   c o n t a i n s  

(a")   from  about   0.1  to  about   2.0  g / l ,   p r e f e r a b l y  
abou t   0.5  to  about   1.5  g / l ,   and  more  
p r e f e r a b l y   about   0.7  to  abou t   1.2  g / l ,   of  z i n c  

i o n ;  
(b")  from  about   5  to  about   30  g / l ,   p r e f e r a b l y   a b o u t  

10  to  about   20  g / l ,   of  p h o s p h a t e   i o n ;  
(c")   from  abou t   0.2  to  about   3  g / l ,   p r e f e r a b l y  

abou t   0.6  to  abou t   3  g /1 ,   of  manganese   ion ;   a n d  

(d")   the  c o n v e r s i o n   c o a t i n g   a c c e l e r a t o r ,   p r e f e r a b l y  
t h a t   and  i t s   q u a n t i t i e s  s p e c i f i e d   a b o v e .  

Here  a g a i n ,   t h e s e   r a n g e s   can  be  a d j u s t e d   d e p e n d i n g  o n   t h e  
i n t e n d e d   o b j e c t s ,   m a t e r i a l s   and  c o n d i t i o n s   u sed .   H o w e v e r ,  
when  the  amount  of  z inc   ion  is  l e s s   than  0.1  g / l ,   an  e v e n  
p h o s p h a t e   f i lm  w i l l   seldom  form  on  an  i r o n - b a s e d   s u r f a c e ,  
and  a  p a r t i a l l y   b l u e - c o l o u r e d   f i lm  is  fo rmed .   On  the  o t h e r  

hand,  when  the  amount  of  z inc   ion  is  in  e x c e s s  o f   2.0  g / l ,  
then  the  f i lm   t e n d s   to  be  in  the  form  of  l e a f - l i k e  

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

r e n d e r s   i t   u n s u i t a b l e   as  a  s u b s t r a t e   for   c a t i o n i c  

e l e c t r o c o a t i n g .   When  the  amount  of  p h o s p h a t e   ion  in  t h e  
s o l u t i o n   is  l e s s   than   about   5  g / l ,   an  uneven  f i lm  r e s u l t s ,  
whe reas   when  the  amount  of  p h o s p h a t e   ion  e x c e e d s   30  g / 1 ,  

no  f u r t h e r   improvemen t   in  the  p h o s p h a t e   f i lm  is  r e a l i z e d  

and  h e n c e ,   the  use  of  g r e a t e r   q u a n t i t i e s   of  p h o s p h a t e   i s  
u n e c o n o m i c a l .   When  the  amount  of  manganese   ion  is  l e s s  

than  abou t   0.2  g / l ,   the  manganese   c o n t e n t   in  the  f i l m  

formed  on  the  z i n c - b a s e d   s u r f a c e   is  i n s u f f i c i e n t ,   r e s u l t i n g  
in  i n a d e q u a t e   a d h e s i v i t y   of  the  s i c c a t i v e   c o a t i n g   f i lm  t o  

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

e l e c t r o c o a t i n g .   When  the  amount  of  manganese   ion  e x c e e d s  

3  g / l ,   no  f u r t h e r   improvemen t   in  the  p h o s p h a t e   c o a t i n g   i s  



r e a l i z e d   and  hence ,   use  of  a  g r e a t e r   q u a n t i t y   i s  
u n e c o n o m i c a l .   F u r t h e r m o r e ,   s p o r t   r u s t i n g   of  i r o n -  
-based   s u r f a c e s   w i l l   i n c r e a s e .   With  r e s p e c t   to  t h e  

q u a n t i t i e s   of  c o n v e r s i o n   c o a t i n g   a c c e l e r a t o r ,   v e r y  
s i m i l a r   r e s u l t s   to  t h o s e   s t a t e d   above  in  c o n n e c t i o n  
with  the  s o l u t i o n   for   d i p p i n g   use  are  o b t a i n e d .  

In  a d d i t i o n   to  the  d i p p i n g   and  sp ray   a p p l i c -  
a t i o n s   d e s c r i b e d   above ,   c e r t a i n   c o m m e r c i a l   c o n d i t i o n s  

nay  w a r r a n t   c o n t a c t i n g   the  me ta l   s u r f a c e   with  t h e  

c o a t i n g   s o l u t i o n   a  p l u r a l i t y   of  t i m e s ,   such  as  by 
i n t e r m i t t e n t   s p r a y i n g   of  the  me ta l   s u r f a c e ,   by 

s p r a y i n g   f o l l o w e d   by  d i p p i n g ,   or  d i p p i n g   f o l l o w e d   by 

s p r a y i n g .   A  c o m b i n a t i o n   of  d i p p i n g   and  s p r a y i n g  t r e a t -  
nen t s   may  be  employed .   The  c o a t i n g   c o m p o s i t i o n   can  be 

a p p l i e d   by  t h e s e   methods   w i t h o u t   a  l o s s   in  c o a t i n g  
f o r m a t i o n .   For  example ,   the  c o a t i n g   s o l u t i o n   can  be  

a p p l i e d   by  i n t e r m i t t e n t   s p r a y ,   where  the  me ta l   s u b s t r a t e  

is  s p r a y e d   for   about   5  to  about   30  s e c o n d s ,   t h e n  

a l l o w e d   to  s t and   w i t h o u t   any  c o a t i n g   a p p l i c a t i o n   for   a b o u t  

5  to  about   30  s e c o n d s ,   and  then  s p r a y e d   for   at  l e a s t  

5  s e c o n d s ,   wi th   a  t o t a l   sp ray   t ime  of  at  l e a s t   4 0  s e c o n d s .  

This  c y c l e   can  be  c a r r i e d   out  once ,   tw ice   or  t h r e e  t i m e s .  

F u r t h e r m o r e ,   in  t r e a t i n g   me ta l   componen t s   hav ing   c o m p l i -  
c a t e d   s u r f a c e   p r o f i l e s ,   such  as  car  b o d i e s ,   the  c o m p o n -  
e n t s   can  be  s u b j e c t e d   f i r s t   to  d i p p i n g   t r e a t m e n t s   f o r  
about   15  s econds   or  more,  p r e f e r a b l y   abou t   30  to  a b o u t  

90  s e c o n d s ,   and  then  to  sp ray   t r e a t m e n t   with  the  s o l u t i o n  
for   abou t   2  s econds   or  more,  p r e f e r a b l y   for   abou t   5  t o  
abou t   45  s e c o n d s .   In  o r d e r   to  wash  out  the  s l u d g e   w h i c h  
a d h e r e s   d u r i n g   d i p p i n g ,   the  sp ray   t r e a t m e n t   is  p r e f e r a b l y  
c a r r i e d   out  for   as  long  a  p e r i o d   w i t h i n   the  above  r ange   a s  
the  speed  of  the  p r o d u c t i o n   l i n e   w i l l   p e r m i t .   D i p p i n g  
t r e a t m e n t   is  p r e f e r r e d   to  sp ray   t r e a t m e n t ,   but  d i p p i n g  
f o l l o w e d   by  s p r a y i n g   is  more  p r e f e r r e d .   A l t e r n a t i v e l y  

however   the  c o a t i n g   can  be  a p p l i e d   by  f i r s t   s p r a y i n g   t h e  
me ta l   s u r f a c e   for   from  abou t   2  to  a b o u t l 5   s e c o n d s ,   and  
then  d i p p i n g   the  me ta l   s u r f a c e   i n t o   the  c o a t i n g   s o l u t i o n  



for  at  least   about  15  seconds,  preferably   from  about  90  to  about  

120  seconds.  This  method  of  applying  the  coating  composition  he lp s  
to  el iminate  "hash"  marks  on  the  metal  surface  as  the  metal  s u r f a c e  

e n t e r s   the  dip  c o a t i n g   s o l u t i o n .   The  "hash"   marks  r e s -  
u l t   when  the  c o n v e y o r   system  f a i l s   to  move  the  s u b -  

s t r a t e   at  a  c o n s t a n t   v e l o c i t y ,   or  when  the  s u b s t r a t e  

"sways"  in  a  d i r e c t i o n   p e r p e n d i c u l a r   to  the  d i r e c t i o n  
of  c o n v e y o r   m o v e m e n t .  

Of  c o u r s e ,   the  above-mentioned  t r ea t ing   times  and  t r e a t i n g  

s e q u e n c e s   can  be  changed  a c c o r d i n g   to  the  c o m p o s i t i o n  
of  the  me ta l   s u b s t r a t e   to  be  t r e a t e d   and  the  t r e a t i n g  
s o l u t i o n   and  c o n d i t i o n s   to  be  u s e d .  

For  sp ray   a p p l i c a t i o n s ,   the  coating  s o l u t i o n   is  c o n -  

v e n i e n t l y   a p p l i e d   at  a  s p r a y i n g   p r e s s u r e   of  from  a b o u t  

0.5  to  about   2  Kg /cm2 .  

I r r e s p e c t i v e   of  the  appl ica t ion   means  and  the  c o n t a c -  

t i n g   s o l u t i o n   used ,   the  r e s u l t i n g   p h o s p h a t e   f i lm  p r e s e n t  

on  the  z i n c - b a s e d   s u r f a c e   shou ld   p r e f e r a b l y   c o n t a i n  

from  abou t   1.0  to  abou t   20%  by  w e i g h t ,   more  p r e f e r a b l y  
from  abou t   2  to  abou t   18%  by  w e i g h t ,   and  most  p r e f e r a b l y  
from  abou t   5  to  about   about   18%  by  we igh t   of  m a n g a n e s e  
ion,   which  is  very  i m p o r t a n t   for   the  s u b s e q u e n t   c a t i o n i c  

e l e c t r o c o a t i n g .   The  z inc  ion  is  u s u a l l y   p r e s e n t   in  f r o m  

about   28  to  abou t   45%  by  w e i g h t ,   p r e f e r a b l y   abou t   28  t o  

abou t   40%  by  w e i g h t .   When  n i c k e l   ion  is  used  in  t h e  

s o l u t i o n ,   then  from  abou t   0.3  to  abou t   4%  by  w e i g h t ,  

p r e f e r a b l y   about   0.5  to  abou t   4%  by  w e i g h t   of  n i c k e l  

is  u s u a l l y   p r e s e n t   in  the  c o a t i n g .   The  r e m a i n d e r   o f  
the  c o a t i n g   is  u s u a l l y   p h o s p h a t e   and  w a t e r ,   e x c e p t   f o r  

i q u a n t i t i e s   of  o t h e r   ions   such  as  sodium,   c a l c i u m   and  

magnes ium,   which  u s u a l l y   t o t a l   l e s s   than  1%  by  w e i g h t .  
It  has  a l s o   been  found  t h a t   as  the  c o n t e n t   of  m a n g a n e s e  
in  the  bath  i n c r e a s e s ,   i n c r e a s e d   manganese   c o a t i n g  
r e s u l t s .   However,  i n c r e a s i n g  t h e   manganese   l e v e l   of  t h e  

c o a t i n g   above  the  r a n g e s   g iven   above  does  not  i m p r o v e  

c o a t i n g   q u a l i t y .  
As  examples   of  s o u r c e s   of  z inc   ions  for  use  in  the  



i n v e n t i o n ,   one  or  more  of  the  f o l l o w i n g   can  be  e m p l o y e d :  
z inc  o x i d e ,   z inc   c a r b o n a t e ,   and  z inc   n i t r a t e .   As 

e x a m p l e s   of  s o u r c e s   of  p h o s p h a t e   i o n s ,   one  or   more  of  t h e  
f o l l o w i n g   can  be  u sed :   sodium  p h o s p h a t e ,   z inc   p h o s p h a t e ,  
and  m a n g a n e s e   p h o s p h a t e .   As  e x a m p l e s   of  s o u r c e s   o f  

manganese   i o n s ,   one  or  more  of  the  f o l l o w i n g   can  be  

emp loyed :   manganese   c a r b o n a t e ,   manganese   n i t r a t e ,  

manganese   c h l o r i d e ,   and  m a n g a n e s e  p h o s p h a t e .   As  e x a m p l e s  
of  s o u r c e s   of  c o n v e r s i o n   c o a t i n g   a c c e l e r a t o r s ,   s o d i u m  

n i t r i t e ,   ammonium  n i t r i t e ,   sodium  m - n i t r o b e n z e n e -  

- s u l f o n a t e ,   and  h y d r o g e n   p e r o x i d e   can  be  e m p l o y e d .  
With  r e s p e c t   to  the  o p t i o n a l   i n g r e d i e n t s   t h a t   can  be 

p r e s e n t   in  the  a c i d i c   aqueous   s o l u t i o n ,   the  a d d i t i o n   o f  
n i c k e l   ion  to  the  m a n g a n e s e - c o n t a i n i n g   c o m p o s i t i o n  
r e s u l t s   in  f u r t h e r   i m p r o v e m e n t   in  the  p e r f o r m a n c e   o f  

the  p h o s p h a t e   c o n v e r s i o n   c o a t i n g ,   so  t h a t   the  a d h e s i o n  

and  the  c o r r o s i o n - r e s i s t a n c e   of  the   f i lm  p r o d u c e d   by 
c a t i o n i c   e l e c t r o c o a t i n g   are  a l s o   f u r t h e r   i m p r o v e d .  

As  s o u r c e s   of  the  o p t i o n a l   i n g r e d i e n t s ,   n i c k e l  

c a r b o n a t e ,   n i c k e l   n i t r a t e ,   n i c k e l   c h l o r i d e ,   n i c k e l  

p h o s p h a t e ,   e t c .   can  be  used  for   n i c k e l   i o n s ;  
sodium  n i t r a t e ,   ammonium  n i t r a t e ,   z inc   n i t r a t e ,   m a n g a n e s e  
n i t r a t e ,   n i c k e l   n i t r a t e ,   e t c .   for   n i t r a t e   i o n s ;   and  
c h l o r i c   a c i d ,   sodium  c h l o r a t e ,   ammonium  c h l o r a t e ,   e t c .  
for   c h l o r a t e   i o n s .  

The  a c i d i c   a q u e o u s   t r e a t i n g   s o l u t i o n s   a r e  
c o n v e n i e n t l y   p r e p a r e d   by  d i l u t i n g   an  aqueous   c o n c e n t r a t e  
which  c o n t a i n s   a  number  of  the  s o l u t i o n   i n g r e d i e n t s  
in  p r o p e r   we igh t   r a t i o s ,   and  then  a d d i n g   o t h e r  



i n g r e d i e n t s   as  needed  to  p r e p a r e   the  t r e a t i n g  
s o l u t i o n s .   The  c o n c e n t r a t e s   are   a d v a n t a g e o u s l y  
f o r m u l a t e d   to  c o n t a i n   zinc  ion ,   p h o s p h a t e   ion  a n d  

manganese   ion ,   and  o p t i o n a l l y   n i c k e l   ion ,   in  a 
we igh t   p r o p o r t i o n   o f  

0.1  to  2  :   5  to  30  :   0.2  to  3  :   0.1  to  4  

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

to  c o n t a i n   at  l e a s t   about   25  g / l ,   and  more  p r e f e r -  

ab ly   from  abou t   50  g/1  to  130  g / l ,   of  z inc   i o n .  

The  p h o s p h a t e d   me ta l   s u r f a c e   is  p r e f e r a b l y  
r i n s e d   and  e l e c t r o c o a t e d .  

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

E x a m p l e s .  



EXAMPLES  I  -   XIV 

Examples  I  to  IX  are  Examples   of  the  p r o c e s s   and  
c o m p o s i t i o n s   of  the  i n v e n t i o n .   Examples   X  to  XIV  a r e  
Examples  u s ing   known  c o m p o s i t i o n s ,   g iven   for   c o m p a r i s o n  
p u r p o s e s .   The  t r e a t i n g   p r o c e s s   u sed ,   which  is  common  t o  
a l l   of  Examples  I  -   XIV,  is  g i v e n   below,   wi th   t h e  

aqueous   c o a t i n g   c o m p o s i t i o n s   of  each  Example  being  s e t  
f o r t h   in  Table  1,  whi le   the  me ta l   t r e a t e d   and  the  t e s t  
r e s u l t s   o b t a i n e d   f o l l o w i n g   the  p h o s p h a t e   t r e a t m e n t   a r e  
g iven   in  Table  2 .  

S a m p l e s  o f  a l l   four   me ta l   s u r f a c e s   s p e c i f i e d   i n  
Table  2  were  t r e a t e d   s i m u l t a n e o u s l y   a c c o r d i n g   to  t h e  

f o l l o w i n g   p r o c e d u r e :  
(a)  d e g r e a s i n g ,   u s ing   an  a l k a l i n e   d e g r e a s i n g   a g e n t  

(Nippon  P a i n t   Co.,  "RIDOLINE  SD200",  2%  by  w e i g h t )  
which  was  s p r a y e d   on  the  me ta l   s u r f a c e s   at  60°C 

for   1  m i n u t e ,   f o l l o w e d   by  d i p p i n g   in  t h e  

s o l u t i o n   for   2  m i n u t e s ;  
(b)  the  me ta l   s u r f a c e s   were  then  washed  with  t a p  

wa te r   at  room  t e m p e r a t u r e   for   15  s e c o n d s ;  
(c)  the  me ta l   s u r f a c e s   were  next   d i p p e d  i n t o   a  

s u r f a c e   c o n d i t i o n e r   (Nippon  P a i n t   Co.,  "FIXODINE 

5N5",  0.1%  by  w e i g h t )   at  room  t e m p e r a t u r e   f o r  

15  s e c o n d s ;  
(d)  the  me ta l   s u r f a c e s   were  then   d ipped   i n t o   t h e  

a c i d i c   aqueous   s o l u t i o n   s p e c i f i e d   in  Table  1  a t  
52°C  for   120  s e c o n d s ;  

(e)  the  me ta l   s u r f a c e s   were  washed  with  tap  wa te r   a t  

room  t e m p e r a t u r e   for   15  s e c o n d s ;  
(f)   the  me ta l   s u r f a c e s   were  then   d ipped   i n t o   d e i o n i z e d  

wate r   at  room  t e m p e r a t u r e   for   15  s e c o n d s ;  
(g)  the  s u r f a c e s   were  then  d r i e d   in  hot  a i r   at  1 0 0 0 c  

for   10  m i n u t e s .   At  t h i s   s t a g e ,   the  a p p e a r a n c e  
and  f i lm  weight   of  the  t r e a t e d   me ta l   s u r f a c e s  

was  d e t e r m i n e d ,   with  the  r e s u l t s   se t   f o r t h   i n  



Table  2;  a n d  

(h)  a  c a t i o n i c   e l e c t r o c o a t i n g   m a t e r i a l   ( N i p p o n  

Pa in t   Co.,  "Power  Top  U-30  Dark  Gray")   was 
c o a t e d   to  20 µ  t h i c k n e s s   onto  the  t r e a t e d   m e t a l  

s u r f a c e s   ( v o l t a g e   180  V.,  t r e a t m e n t   t i m e  

3  m i n u t e s ) ,   f o l l o w e d   by  bak ing   at  180°C  f o r  

30  m i n u t e s .   One  sample  of  each  e l e c t r o c o a t e d  

p l a t e   so  o b t a i n e d   was  s u b j e c t e d   to  the  b r i n e  

sp ray   t e s t .  
A  second  sample  of  each  e l e c t r o c o a t e d   p l a t e   so  

o b t a i n e d   was  c o a t e d   wi th   an  i n t e r m e d i a t e   c o a t i n g  
m a t e r i a l   (Nippon  P a i n t   Co.,  "ORGA  T0778  Gray")   to  3 0  µ  

t h i c k n e s s ,   f o l l o w e d   by  baking   at  140°C  for   20  m i n u t e s ,  
and  a  top  c o a t i n g   m a t e r i a l   (Nippon  P a i n t   Co.,  "ORGA 

T0626  Marga re t   W h i t e " )   in  40 p  t h i c k n e s s   was  then  a p p l i e d ,  

f o l l o w e d   by  bak ing   as  above .   A c c o r d i n g l y ,   c o a t e d   p l a t e s  
with  a  t o t a l   of  3  c o a t i n g s   and  3  b a k i n g s   were  o b t a i n e d .  

The  c o a t e d   p l a t e s   were  s u b j e c t e d   to  the  a d h e s i o n   t e s t ,  
and  wi th   the  cold  r o l l e d   s t e e l   p l a t e ,   to  the  spot   r u s t i n g  
t e s t .  

The  t e s t i n g   p r o c e d u r e s   r e f e r r e d   to  above  a r e  
d e s c r i b e d   b e l o w :  

(A)  Br ine   s p r a y i n g   t e s t   ( J I S - Z - 2 8 7 1 ) :  

C r o s s - c u t s   were  made  on  an  e l e c t r o c o a t e d   p l a t e ;  
5%  b r i n e   was  s p r a y e d   t h e r e o n   for   500  h o u r s  

( z i n c   p l a t e d   s t e e l   p l a t e )   or  1000  hours   ( c o l d  

r o l l e d   s t e e l   p l a t e ) .  

(B)  Adhes ion   t e s t :  
A f t e r   d i p p i n g   a  c o a t e d   p l a t e   in  d e i o n i z e d   w a t e r  

at  500 C  for   10  days ,   g r i d s   (100  s q u a r e s )   w e r e  

made  at  lmm  i n t e r v a l s   or  at  2  mm  i n t e r v a l s  

u s i n g   a  sharp   c u t t e r ;   an  a d h e s i v e   t ape   was  
a t t a c h e d   to  each  s u r f a c e ;   and  the  number  o f  

s q u a r e s   of  c o a t i n g   f i lm   t h a t   r e m a i n e d   on  t h e  

p l a t e   a f t e r   the  r emova l   of  the  a d h e s i v e   t a p e  

was  c o u n t e d .  



(C)  Spot  r u s t i n g   t e s t :  

A  c o a t e d   p l a t e   was  se t   at  a  15  d e g r e e   a n g l e   t o  
the  h o r i z o n t a l   p l a n e ,   and  an  a r row  wi th   a  c o n e  
shaped  head  with  a  90  d e g r e e   v e r t i c a l   a n g l e ,  
made  of  a l l o y e d   s t e e l   ( m a t e r i a l   q u a l i t y ,  
J I S - G - 4 4 0 4 ,   h a r d n e s s   Hv  700  or  h i g h e r )   w e i g h i n g  
1 .00  g  and  14.0  mm  in  t o t a l   l e n g t h   was  d r o p p e d  
r e p e a t e d l y   from  a  d i s t a n c e   of  150  cm,  u n t i l  

25  s c r a t c h e s   were  made  on  the  c o a t e d   s u r f a c e .  

S u b s e q u e n t l y ,   the  c o a t e d   p l a t e   was  s u b j e c t e d   t o  
4  c y c l e s   of  t e s t i n g ,   each  c y c l e   c o n s i s t i n g   o f  

f i r s t , t h e   b r i n e   sp ray   t e s t   ( J I S - Z - 2 8 7 1 ,   24  h o u r s ) ,  

s econd ,   a  m o i s t u r e   t e s t   ( t e m p e r a t u r e   of  4 0 ° C ,  

r e l a t i v e   h u m i d i t y   85%,  120  h o u r s ) ,   and  t h i r d ,  

s t a n d i n g   at  room  t e m p e r a t u r e   (24  h o u r s ) .   T e s t  

r e s u l t s   are  shown  in  Table  2 .  









In  Table  2  above ,   the  b r i n e   sp ray   and  spot   r u s t i n g  
r e s u l t s   each  i n d i c a t e   a v e r a g e   v a l u e s   (mm)  of  the  l a r g e s t  
d i a m e t e r   of  b l i s t e r s   and  r u s t   s p o t s ,   r e s p e c t i v e l y .  

EXAMPLES  XV -  XXXI 

Examples  XV  to  XXV  are  Examples  of  the  p r o c e s s   a n d  

c o m p o s i t i o n s   of  the  i n v e n t i o n .   Examples   XXVI  to  XXXI 

are  Examples  u s i n g   known  c o m p o s i t i o n s ,   g iven   f o r  

c o m p a r i s o n   p u r p o s e s .  
The  t r e a t i n g   p r o c e s s   used,   which  is  common  to  a l l   o f  

Examples  XV -  XXXI,  is  g iven   below,   with  the  a q u e o u s  
c o a t i n g   c o m p o s i t i o n   of  each  Example  be ing   se t   f o r t h   i n  

Table  3,  whi le   the  meta l   t r e a t e d   and  the  t e s t   r e s u l t s  

o b t a i n e d   f o l l o w i n g   the  p h o s p h a t e   t r e a t m e n t   are  g iven   i n  

Table  4 .  

Samples  of  a l l   four   me ta l   s u r f a c e s   s p e c i f i e d   in  T a b l e  
4  were  t r e a t e d   s i m u l t a n e o u s l y   a c c o r d i n g   to  the  f o l l o w i n g  
p r o c e d u r e :  

(a)  d e g r e a s i n g ,   u s i n g   an  a l k a l i n e   d e g r e a s i n g   a g e n t  
(Nippon  P a i n t   Co.,  "RIDOLINE  S102",   2%  by 
w e i g h t )   which  was  s p r a y e d   on  the  me ta l   s u r f a c e s  
at  60°C  for   2  m i n u t e s ;  

(b)  the  me ta l   s u r f a c e s   were  then  washed  wi th   t a p  
water   at  room  t e m p e r a t u r e   for   15  s e c o n d s ;  

(c)  the  meta l   s u r f a c e s   were  then  s p r a y e d   wi th   t h e  
a c i d i c   aqueous   s o l u t i o n   s p e c i f i e d   in  Table  3 
at  520C  for   120  s e c o n d s ,   (in  Ex.  XXVI,  f i r s t  

s p r a y e d   for  15  s e c o n d s ,   s p r a y i n g   d i s c o n t i n u e d  
for   15  s e c o n d s ,   and  a g a i n   s p r a y e d   for  105 
s e c o n d s )   s p r a y i n g   p r e s s u r e   - 0 . 8   Kg/em2 

(gauge  p r e s s u r e ) ;  
(d)  the  me ta l   s u r f a c e s   were  washed  with  tap  w a t e r  

at  room  t e m p e r a t u r e   for   15  s e c o n d s ;  
(e)  the  me ta l   s u r f a c e s   were  then  d ipped   i n t o  

d e i o n i z e d   water   at  room  t e m p e r a t u r e   f o r  

15  s e c o n d s ;  



(f)   the  s u r f a c e s   were  then   d r i e d   in  hot  a i r   a t  
100°C  for   10  m i n u t e s .   At  t h i s   s t a g e ,   t h e  

a p p e a r a n c e   and  f i lm  w e i g h t   of  the  t r e a t e d   m e t a l  
s u r f a c e s   were  d e t e r m i n e d ,   wi th   the  r e s u l t s   s e t  
f o r t h   in  Table  4;  a n d  

(g)  a  c a t i o n i c   e l e c t r o c o a t i n g   m a t e r i a l   (Nippon  P a i n t  

Co.,  "Power  Top  U-30  Dark  Gray")   was  c o a t e d   t o  

20 µ  t h i c k n e s s   onto  the  t r e a t e d   me ta l   s u r f a c e s  
( v o l t a g e   180  V.,  t r e a t m e n t   t ime  3  m i n u t e s ) ,  
f o l l o w e d   by  bak ing   at  180°C  for   30  m i n u t e s .   One 

sample   of  each  e l e c t r o c o a t e d   p l a t e   so  o b t a i n e d  

was  s u b j e c t e d   to  the  b r i n e   s p r a y   t e s t .  
A  second  sample  of  each  e l e c t r o c o a t e d   p l a t e   s o  

o b t a i n e d   was  c o a t e d   with  an  i n t e r m e d i a t e   c o a t i n g  
m a t e r i a l   (Nippon  P a i n t   Co.,  "ORGA  T0778  Gray")   to  3 0  µ  
t h i c k n e s s ,   f o l l o w e d   by  baking   at  1400C  for   20  m i n u t e s ,  
and  a  top  c o a t i n g   m a t e r i a l   (Nippon  P a i n t   Co.,  "ORGA 
T0626  M a r g a r e t   Whi t e " )   in  40  µ  t h i c k n e s s   was  then  a p p l i e d ,  
f o l l o w e d   by  bak ing   as  above .   A c c o r d i n g l y ,   c o a t e d   p l a t e s  
with  a  t o t a l   of  3  c o a t i n g s   and  3  b a k i n g s   were  o b t a i n e d .  
The  c o a t e d   p l a t e s   were  s u b j e c t e d   to  the  a d h e s i o n   t e s t ,  
and  wi th   the  cold  r o l l e d   s t e e l   p l a t e ,   to  the  s p o t  
r u s t i n g   t e s t .  

The  t e s t i n g   p r o c e d u r e s   r e f e r r e d   to  above  a r e  
d e s c r i b e d   b e l o w :  

(A)  Br ine   s p r a y i n g   t e s t   ( J I S - Z - 2 8 7 1 ) :  

C r o s s - c u t s   were  made  on  an  e l e c t r o c o a t e d   p l a t e ;  
5%  b r i n e   was  s p r a y e d   t h e r e o n   for  500  h o u r s  

( z inc   p l a t e d   s t e e l   p l a t e )   or  1000  hours   ( c o l d  

r o l l e d   s t e e l   p l a t e ) .  
(B)  Adhes ion   T e s t :  

A f t e r   d i p p i n g   a  c o a t e d   p l a t e   in  d e i o n i z e d  
wate r   at  50°C  for   10  days ,   g r i d s   (100  

s q u a r e s )   were  made  at  1  mm  i n t e r v a l s   or  a t  

2  mm  i n t e r v a l s   u s ing   a  sha rp   c u t t e r ;   an  

a d h e s i v e   tape   was  a t t a c h e d   to  each  s u r f a c e ;  



and  the  number  of  s q u a r e s   of  c o a t i n g   f i lm  t h a t  
r ema ined   on  the  p l a t e   a f t e r   the  r emova l   of  t h e  
a d h e s i v e   t ape   was  c o u n t e d .  

(C)  Spot  r u s t i n g   t e s t :  
A  c o a t e d   p l a t e   was  se t   at  a  15  d e g r e e   ang le   t o  
the  h o r i z o n t a l   p l a n e ,   and  an  a r row  wi th   a 
cone  shaped  head  with  a  90  d e g r e e   v e r t i c a l  

a n g l e ,   made  of  a l l o y e d   s t e e l   ( m a t e r i a l  

J I S - G - 4 4 0 4 ,   h a r d n e s s   Hv  700  or  h i g h e r )   w e i g h i n g  
1.00  g  and  14.0  mm  in  t o t a l   l e n g t h   was  d r o p p e d  

r e p e a t e d l y   from  a  d i s t a n c e   of  150  cm,  u n t i l  

25  s c r a t c h e s   were  made  on  the  c o a t e d   s u r f a c e .  

S u b s e q u e n t l y ,   the  c o a t e d   p l a t e   was  s u b j e c t e d   t o  
4  c y c l e s   of  t e s t i n g ,   each  c y c l e   c o n s i s t i n g   o f  

f i r s t , t h e   b r i n e   sp ray   t e s t   ( J I S - Z - 2 8 7 1 ,   24  h o u r s ) ,  

s e c o n d , a   m o i s t u r e   t e s t   ( t e m p e r a t u r e   of  4 0 ° C ,  

r e l a t i v e   h u m i d i t y   85%,  120  h o u r s ) ,   and  t h i r d ,  

s t a n d i n g   at  room  t e m p e r a t u r e   (24  h o u r s ) .   A f t e r  

t e s t i n g ,   the  a v e r a g e   v a l u e   (mm)  of  the  l a r g e s t  
d i a m e t e r   of  r u s t   s p o t s   and  b l i s t e r s   was 

o b t a i n e d ,   with  the  r e s u l t s   shown  in  Table  4 .  

(D)  D e t e r m i n a t i o n   of  Mn  in  c o a t i n g :  
A  p h o s p h a t e d   p l a t e   was  d ipped   in  a  5%  a q u e o u s  
chromic   ac id   s o l u t i o n   (75°C)  for   5  m i n u t e s ,   a n d  
the  we igh t   of  the  c o n v e r s i o n   c o a t i n g   was 
c a l c u l a t e d   from  the  we igh t   d i f f e r e n c e   of  t h e  

p l a t e   b e f o r e   and  a f t e r   t h i s   t r e a t m e n t .   N e x t ,  
the  amount  of  manganese   d i s s o l v e d   out  and  
c o n t a i n e d   in  the  aqueous   ch romic   ac id   was 
d e t e r m i n e d   by  the  a t o m i c - a b s o r p t i o n   method ,   and  

manganese   in  the  c o n v e r s i o n   c o a t i n g   was 
c a l c u l a t e d   t h e r e f r o m .  
Mn(%)  i n  t h e   c o n v e r s i o n   c o a t i n g   = WM/Wc  X  100  (%) Mn(%) in  the  c o n v e r s i o n   coating =  WM/Wc  X  100  

Wc  = W1 -  W2 /S 

WM  = A . M / S  

w h e r e i n  



W 1  s t a n d s   for  we igh t   (g)  of  p l a t e   b e f o r e  

chromic   acid   t r e a t m e n t ;  

W 2  s t a n d s   for   we igh t   (g)  of  p l a t e   a f t e r  

chromic   ac id   t r e a t m e n t ;  
S  is  s u r f a c e   a rea   (m2)  of  p l a t e ;  
Wc  is  the  c o a t i n g   w e i g h t   per  s q u a r e   m e t r e  
( g / m 2 ) ;  

A  s t a n d s   for   volume  (1)  of  ch romic   a c i d  

s o l u t i o n   u s e d ;  
M  s t a n d s   for   amount  of  Mn  d e t e r m i n e d   by 

a t o m i c - a b s o r p t i o n   method  ( g / 1 ) ;   and  

WM stands  for  amount  of  Mn  in  u n i t   a r ea   (m2) 

of  c o a t i n g .  













1.  A  p r o c e s s   for   p h o s p h a t i n g   an  i r o n -   or  z i n c - b a s e d  
meta l   s u r f a c e   c o m p r i s i n g   c o n t a c t i n g   the  me ta l   s u r f a c e  
wi th   an  a c i d i c   aqueous   s o l u t i o n   c h a r a c t e r i s e d   in  t h a t   t h e  
s o l u t i o n   c o n t a i n s :  

(a)  from  0.1  to  2.0  g/1  of  z inc   i o n ;  
(b)  from  5  to  30  g/1  of  p h o s p h a t e   i o n ;  
(c)  from  0.2  to  3  g / l   of  manganese   ion ;   a n d  
(d)  a  c o n v e r s i o n   c o a t i n g   a c c e l e r a t o r .  

2.  A  p r o c e s s   a c c o r d i n g   to  c l a im   1  c h a r a c t e r i s e d   i n  

t h a t   the   s o l u t i o n   c o n t a i n s   0.1  to  0.4  g/1  of  z inc  i o n .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a im  1  c h a r a c t e r i s e d   i n  

t h a t   the  s o l u t i o n   c o n t a i n s   1.6  to  2.0  g/1  of  z inc  i o n .  
4.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1 - 3  
c h a r a c t e r i s e d   in  t h a t   the  s o l u t i o n   c o n t a i n s   0.2  to  0.5  g / 1  
of  manganese   i o n .  

5.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  the  p r e c e d i n g  
c l a i m s   c o n s i s t i n g   e s s e n t i a l l y   of  c o n t a c t i n g   the  m e t a l  

s u r f a c e   with  the  s o l u t i o n   by  s p r a y i n g   the  me ta l   s u r f a c e  

with  the  s o l u t i o n   and  o p t i o n a l l y   a f t e r   s p r a y i n g   d i p p i n g  
the  me ta l   s u r f a c e   in  the  s o l u t i o n .  
6.  A  p r o c e s s   a c c o r d i n g   to  c l a im  5  c h a r a c t e r i s e d   i n  

t h a t   the  c o n t a c t   is  by  s p r a y i n g   the  me ta l   s u r f a c e   w i t h  

the  s o l u t i o n   for   a b o u t  2  - 1 5   s e c o n d s ,   f o l l o w e d   by  d i p p i n g  
the  me ta l   s u r f a c e   in  the  s o l u t i o n   for   at  l e a s t   15  s e c o n d s .  

7.  A  p r o c e s s   a c c o r d i n g   to  c l a im  5  c h a r a c t e r i s e d   i n  

t h a t   the  c o n t a c t   is  by  s p r a y i n g   the  me ta l   s u r f a c e   w i t h  

the  s o l u t i o n   for   at  l e a s t   5  s e c o n d s .  
8.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   7  c h a r a c t e r i s e d   i n  

t h a t   the  t r e a t m e n t   is  c a r r i e d   out  by  one  to  t h r e e  

i n t e r m i t t e n t   sp ray   c y c l e s ,   each  c y c l e   c o n s i s t i n g   of  f i r s t  

s p r a y i n g   for  5  to  30  s e c o n d s ,   then  d i s c o n t i n u i n g  

s p r a y i n g   for   5  to  30  s e c o n d s ,   and  then  f i n a l l y   s p r a y i n g  

a g a i n   f o r  a t   l e a s t  5  s e c o n d s ,   the  t o t a l   sp ray   t r e a t m e n t  

t ime  for   each  cyc l e   be ing   at  l e a s t   40  s e c o n d s .  



9.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   5,  7 
and  8  c h a r a c t e r i s e d   in  t h a t   the  c o n t a c t   is  by  s p r a y i n g  
the  me ta l   s u r f a c e   with  a  s o l u t i o n   c o n t a i n i n g :  

(a)  from  0 . 5  -   2,  p r e f e r a b l y   0 . 5  -   1.5  g / l   o f  

z i n c  i o n ;  
(b)  from  10  to  20  g/1  of  p h o s p h a t e   i o n ;  
(c)  from  0.6  to  3  g/1  of  manganese   ion ;   and  
(d)  a  c o n v e r s i o n   c o a t i n g   a c c e l e r a t o r .  

10.  A  p r o c e s s   a c c o r d i n g   to  a n y o n e   of  the  p r e c e d i n g  
c l a ims   c h a r a c t e r i s e d   in  t h a t   the  s o l u t i o n   a l s o   c o n t a i n s  

0 . 0 5  -   3  g / l ,   p r e f e r a b l y   0 . 0 5  -   1.9  g / l ,   of  c h l o r a t e  

i o n .  
11.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   5  a n d  

7-9  c h a r a c t e r i s e d   in  t h a t   the  c o n t a c t   is  by  s p r a y i n g  
the  me ta l   s u r f a c e   with  the  s o l u t i o n   and  the  s o l u t i o n  

c o n t a i n s   from  2  to  5  g/1  of  c h l o r a t e   ion  and  f r o m  

>1  to  2  g/1  of  zinc  i o n .  
12.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  the  p r e c e d i n g  
c la ims   c h a r a c t e r i s e d   in  t h a t   the  me ta l   t r e a t e d   i n c l u d e s  

both  an  i r o n - b a s e d   s u r f a c e   and  a  z i n c - b a s e d   s u r f a c e .  

13.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  the  p r e c e d i n g  
c la ims   c h a r a c t e r i s e d   in  t h a t   the  p h o s p h a t e d   me ta l   s u r -  
face  is  r i n s e d   and  e l e c t r o c o a t e d .  
14.  An  a c i d i c   aqueous   c o m p o s i t i o n   for   p h o s p h a t i n g  
an  i r o n -   or  z i n c - b a s e d   me ta l   s u r f a c e   c h a r a c t e r i s e d   i n  
tha t   the  c o m p o s i t i o n   is  a  s o l u t i o n   d e f i n e d   in  a n y  o n e  
of  c l a i m s   1-4  and  9 - 1 1 .  
15.  An  aqueous   c o n c e n t r a t e   which  upon  d i l u t i o n   w i t h  
water  forms  a  s o l u t i o n   for  use  in  the  a p p l i c a t i o n   of  a 
c o n v e r s i o n   c o a t i n g   to  i r o n -   or  z i n c - b a s e d   me ta l   s u r f a c e s ,  
c h a r a c t e r i s e d   in  t h a t   the  c o n c e n t r a t e   c o n t a i n s   z inc  i o n ,  
p h o s p h a t e   ion  and  manganese   ion  (as  wel l   as  o p t i o n a l l y  
a i c k e l   ion)   in  weight   r a t i o s   o f  

0 . 1  -   2  :   5  -   30  :   0 . 2  -   3  (:  0 . 1  -   4 ) .  
16.  A  c o n c e n t r a t e   a c c o r d i n g   to  c l a im  15,  which  c o n t a i n s  



at  l e a s t   25  g / l ,   and  p r e f e r a b l y   from  50  to  130  g / l ,  
of  z inc   i o n .  

17.  A  me ta l   s u b s t r a t e   hav ing   an  i r o n -   o r  
z i n c - b a s e d   s u r f a c e   c h a r a c t e r i s e d   in  t h a t   the  s u r f a c e  

is  c o a t e d   with  a  z inc   p h o s p h a t e   c o n v e r s i o n   c o a t i n g  
which  c o n t a i n s   from  1  to  20%  of  m a n g a n e s e ,   a n d  
which  c o a t i n g   has  a  n o n - l e a f - l i k e   c r y s t a l   s t r u c t u r e  

on  i r o n - b a s e d   s u r f a c e s .  
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