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©  Process  and  composition  for  treating  phosphated  metal  surfaces. 

Phosphated  metal  surfaces,  particularly  those  which  are 
iron-based  or  zinc-based,  are  treated,  especially  prior  to 
cationic  electrocoating,  with  an  aqueous  solution  containing: 

(a)  at  least  0.05  g/I  (as  Zr02)  of  water-soluble  fluorozirco- 
nium  compound;  and 

(b)  at  least  0.05  g/l  of  myo-inositol  phosphate  and/or 
water-soluble  salt  thereof; 

the  aqueous  solution  having  a  pH  in  the  range  3  to  7,  and  the 
molar  ratio  of  (a)  to  (b)  being  in  the  range  1:1  to  50:1. 



An  i n c r e a s i n g l y   u s e d   c o m m e r c i a l   p r o c e s s  

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

s u r f a c e s   ( e . g .   i r o n - b a s e d   or  z i n c - b a s e d   s u r f a c e s )  

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

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

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

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

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

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

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

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

s u r f a c e .   For   e x a m p l 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   No.  5 6 2 2 / 1 9 7 8   u s e s   an  a q u e o u s   s o l u t i o n  

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

and  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.  2 1 9 7 1 / 1 9 7 7  

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

f o r   t h i s   p u r p o s e .   Bo th   t e c h n i q u e s   h a v e   d i s a d v a n t a g e s .  

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

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

i s   s u i t a b l 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   i s  

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

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

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

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

A l s o ,   z i n c - b a s e d   m e t a l   s u r f a c e s   s h o w  i n f e r i o r  

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

r e s p e c t   t6   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   o f  

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

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

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

z o n e ,   t h e r e   i s   a  s t r o n g   t e n d e n c y   f o r   t h e  

z i r c o n i u m   c o m p o u n d   to  be  h y d r o l y z e d ,   s o  

t h a t   i t   i s   d i f f i c u l t   to  m a i n t a i n   t h e   r e q u i r e d  

c o n c e n t r a t i o n   of  t h i s   compound  in   t h e   s o l u t i o n .  

In   o r d e r   to   t r y   to  e n h a n c e   t h e   s t a b i l i t y   of   t h e  

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

use   of  c o m p l e x i n g   a g e n t s   such   as  g l u c o n i c   a c i d  

and  c i t r i c   a c i d .   H o w e v e r ,   in   s u c h   i n s t a n c e s  

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

to  r e m a i n   on  t h e   t r e a t e d   m e t a l   s u r f a c e ,   so  t h a t  

e x c e s s i v e   w a t e r   w a s h i n g   i s   r e q u i r e d   in   t h e  

f o l l o w i n g   f i n a l   w a t e r   w a s h i n g   s t e p .   F u r t h e r m o r e ,  
h e r e   t o o ,   z i n c - b a s e d   s u r f a c e s   so  t r e a t e d   a r e  
i n f e r i o r   to   i r o n - b a s e d   s u r f a c e s   so  t r e a t e d   i n  

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   of   t h e   c o a t i n g  

f i l m .  

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

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

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

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

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

a  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   p r o c e s s  

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

an  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 :  



( a )   at   l e a s t   0 . 0 5   g / 1   ( a s   Z r 0 2 )   o f  

w a t e r - s o l u b l e   f l u o r o z i r c o n i u m   c o m p o u n d ;  

a n d  

(b )   at  l e a s t   0 . 0 5   g / 1   of  m y o - i n o s i t o l  
p h o s p h a t e   a n d / o r   w a t e r - s o l u b l e   s a l t  

t h e r e o f ;  

t h e   a q u e o u s   s o l u t i o n   h a v i n g   a  pH  in   t he   r a n g e   3  t o  

7,  and  t h e   m o l a r   r a t i o   of  (a )   to   (b)   b e i n g   in  t h e  

r a n g e   1 : 1   to  5 0 : 1 .  

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

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

a q u e o u s   s o l u t i o n .  

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

e l e c t r o c o a t e d ,   t h e   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  

i s   one  s u i t a b l e   as  a  c o n v e r s i o n   c o a t i n g   f o r   t h i s  

p u r p o s e ,   and  can   be  a p p l i e d   by  an  a c i d i c   a q u e o u s  

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

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

f o r   e x a m p l e ,   a  s o l u t i o n   c o n t a i n i n g   f rom  0 . 4   t o  

1 . 5   g / 1   of  z i n c   i o n ,   f rom  5  to   40  g / 1   of   p h o s p h a t e  

i o n ,   and  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 .  

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

g i v e n   i n   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 ,   1 4 5 1 8 0 / 1 9 8 0   and  1 3 1 1 7 7 / 1 9 8 0 .  

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

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   by  d i p p i n g   t h e  

m e t a l   s u r f a c e   i n t o   an  a c i d i c   a q u e o u s   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   f rom  0 . 5   to  1 . 5   g / 1 ,  

p r e f e r a b l y   f r o m   0 . 7   to  1 . 2   g / l ,   of   z i n c   i o n ,  



f r o m   5  to   30  g / 1 ,   p r e f e r a b l y   f r o m   10  to   20  g / 1 ,  

of  p h o s p h a t e   i o n ,   and  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 .   The  a c c e l e r a t o r   can   be  at   l e a s t  

one  of  t h e   f o l l o w i n g :   0 . 0 1   to   0 . 2   g / l ,  

p r e f e r a b l y   0 . 0 4   to  0 . 1 5   g / 1 ,   of  n i t r i t e   i o n ,  

0 . 0 5   to   2  g / l ,   p r e f e r a b l y   0 . 1   to  1 . 5   g / 1 ,   o f  

m - n i t r o b e n z e n e   s u l p h o n a t e   i o n ,   and  0 . 5   to   5  g / 1 ,  

p r e f e r a b l y   l t o   4  g / l ,   of  h y d r o g e n   p e r o x i d e  

( a s   100%  H 2 0 2 ) .   The  p h o s p h a t i n g   s o l u t i o n  

may  o p t i o n a l l y   a l s o   c o n t a i n   1  to   10  g / l ,  

p r e f e r a b l y   2  to   8  g / l ,   of  n i t r a t e   i o n ,   a n d / o r  

0 . 0 5   to   2  g / l ,   p r e f e r a b l y   0 . 2   to  1 . 5   g / 1 ,   o f  

c h l o r a t e   i o n .  

In   t h i s   p h o s p h a t i n g   s o l u t i o n ,   when  t h e   a m o u n t  

of   z i n c   i o n   i s   l e s s   t h a n   a b o u t   0 . 5 - g / I ,   an  e v e n  

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

i s   f o r m e d .   On  t he   o t h e r   h a n d ,   when  t h e   a m o u n t  

i s   g r e a t e r   t h a n   a b o u t   1 . 5   g / 1 ,   t h e n   e v e n   t h o u g h  

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

t e n d s   to   be  a  c o a r s e ,   l e a f - l i k e   c r y s t a l l i n e  

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

of   p h o s p h a t e   i o n   i s   b e l o w   a b o u t   5  g / 1 ,   t h e  

f i l m   t e n d s   to   be  u n e v e n .   On  t h e   o t h e r   h a n d ,  

when  t h e   a m o u n t   e x c e e d s   a b o u t   30  g / l , n o   f u r t h e r  

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

i n c r e a s e d   q u a n t i t i e s   of  p h o s p h a t e .   When  t h e "  

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

g i v e n ,   the   c o n v e r s i o n   c o a t i n g   on  an  i r o n - b a s e d  

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

a r e   f o rmed   r e a d i l y   on  t h e   s u r f a c e .   On  t h e  

o t h e r   h a n d ,   when  t h e   amoun t   i s   above   a b o u t  

the   u p p e r   l i m i t   g i v e n ,   a  b l u e - c o l o u r e d   u n e v e n  

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

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

c o m p o n e n t s   h a v e   b e e n   e m p l o y e d   t h a t   a re   p l a t e d  

on  one  s u r f a c e   o n l y   w i t h   z i n c   or   an  a l l o y   o f  

z i n c .   When  s u c h   m e t a l   c o m p o n e n t s   h a v i n g   b o t h  

i r o n - b a s e d   and  z i n c - b a s e d   s u r f a c e s   a r e   e m p l o y e d ,  

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

d i s c u s s e d   above   a l s o   c o n t a i n   0 . 6   to  3  g / 1 ,  

p r e f e r a b l y   0 . 8   to  2  g / l ,   of  m a n g a n e s e   i o n ,   o r  

1  to  4,  p r e f e r a b l y   2  to  2 . 5   g / 1 ,   of  n i c k e l   i o n .  

I t   i s   even  more  p r e f e r r e d   t o   i n c l u d e   b o t h  

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

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

in   t h e   r a n g e   g i v e n   above   and  t h e   n i c k e l   ion   i s  

e m p l o y e d   in   t h e   r a n g e   of  0 . 1   to   4  g / l ,   p r e f e r a b l y  

0 . 3   to  2  g / l .  

A l t e r n a t i v e l y ,   a  s p r a y   p r o c e s s   can  b e  

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

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

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

a q u e o u s   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   f r o m  

0 . 4   to   1  g / l ,   p r e f e r a b l y   0 . 5   to  0 . 9   g / 1 ,   o f  

z i n c   i o n ,   5  to  40  g / l ,   p r e f e r a b l y   10  to  20  g / l ,  

of  p h o s p h a t e   i o n ,   2  to   5  g / 1 ,   p r e f e r a b l y   2 . 5   t o  



4  g / 1 ,   of  c h l o r a t e   i o n ,   and  0 . 0 1   to  0 . 2   g / 1 ,  

p r e f e r a b l y   0 . 0 4   to   0 . 1 5   g / 1 ,   of  n i t r i t e   i o n .  

In  t h e   a b o v e   t r e a t i n g   s o l u t i o n   f o r   u s e  

in   a  s p r a y   p r o c e s s ,   when  t h e   amoun t   of  z i n c  

i o n   i s   l e s s   t h a n   a b o u t   0 . 4   g / l ,   an  e v e n   p h o s p h a t e  

f i l m   i s   n o t   f o r m e d   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 l m   i s   f o r m e d .   On  t h e  

o t h e r   h a n d ,   when  t he   a m o u n t   i s   g r e a t e r   t h a n  

a b o u t   1  g / l ,   t h e n   e v e n   t h o u g h   an  even   p h o s p h a t e  

f i l m   i s   f o r m e d ,   i t   t e n d s   to  be  a  c o a r s e   l e a f - l i k e  

c r y s t a l l i n e   f i l m ,   w h i c h   i s   u n s u i t a b l e   as  a n  

u n d e r c o a t i n g   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  t h e   a m o u n t   of  p h o s p h a t e   i o n   i s   b e l o w   a b o u t   5  

g / l ,   t h e   f i l m   t e n d s   to  be  u n e v e n .   On  t h e  

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

40  g / l ,   no  f u r t h e r   i m p r o v e m e n t   in   t h e   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  i t   i s   t h e r e f o r e  -  

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

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

b e l o w   a b o u t   2  g / l ,   t h e n   e v e n   t h o u g h   an  e v e n  

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

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

as  an  u n d e r c o a t i n g   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 .  

On  t h e   o t h e r   h a n d ,   when  t h e   amoun t   i s   g r e a t e r  

t h a n   a b o u t   5  g / l ,   an  u n e v e n   b l u e - c o l o u r e d   f i l m  

i s   f o r m e d   on  an  i r o n - b a s e d   s u r f a c e .   When  t h e  

amoun t   of   n i t r i t e   i o n   i s   b e l o w   a b o u t   0 . 0 1 . g / l ,   t h e  

c o n v e r s i o n   c o a t i n g   i s - i n a d e q u a t e ,   and  a n  

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

on  an  i r o n - b a s e d   s u r f a c e .   On  t h e   o t h e r   h a n d ,  



when  t h e   amount   i s   g r e a t e r   t h a n   a b o u t   0 . 2   g / l ,  

i t   t e n d s   to  form  a  b l u e - c o l o u r e d   u n e v e n   f i l m   o n  

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

As  s o u r c e s   of   t h e   i o n s   u s e d   in  t he   a c i d i c  

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

commonly   known  s o u r c e s   can  be  u t i l i z e d ,   f o r  

e x a m p l e   z i n c   o x i d e ,   z i n c   c a r b o n a t e   or  z i n c  

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

p h o s p h a t e   or  z i n c   p h o s p h a t e   f o r   p h o s p h a t e  

i o n s ;   s o d i u m   n i t r i t e   or  ammonium  n i t r i t e   f o r  

n i t r i t e   i o n s ;   s o d i u m   m - n i t r o b e n z e n e   s u l p h o n a t e  

f o r   m - n i t r o b e n z e n e   s u l p h o n a t e   i o n s ;   h y d r o g e n  

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

s o d i u m   c h l o r a t e   or  ammonium  c h l o r a t e   f o r   c h l o r a t e  

i o n s ;   m a n g a n e s e   c a r b o n a t e ,   m a n g a n e s e  c i t r a t e ,  

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

m a n g a n e s e   i o n s ;   and  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   or  n i c k e l   p h o s p h a t e  

f o r   n i c k e l   i o n s .  

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

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

can  be  c a r r i e d   ou t   i n   a c c o r d a n c e   w i t h   c o n v e n t i o n a l  

p r o c e d u r e s .   For   e x a m p l e ,   t he   m e t a l  

s u r f a c e s ,   w h i c h   h a v e   b e e n   s u b j e c t e d ,   as  n e e d e d ,  

to   d e g r e a s i n g   and  t h e n   to   a  known  s u r f a c e  

p r e t r e a t m e n t   ( g e n e r a l l y   e m p l o y e d   p r i o r   to  a  

d i p p i n g   t r e a t m e n t ) ,   w h e r e   t he   d i p p i n g   t r e a t m e n t  

i s   u s e d   f o r   p h o s p h a t i n g ,   can  be  t r e a t e d   a t  
400  to  70°C,   p r e f e r a b l y   a t   45°  to  60°C,   f o r  

15  s e c o n d s   or  more  ( p r e f e r a b l y   f o r   30  to  1 2 0  

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



f 
c o a t i n g   f i l m   of  low  f i l m   amoun t   ( 1 . 5   to  3  g / m 2 )  

i s   p r o d u c e d   on  i r o n - b a s e d   s u r f a c e s .   A l s o ,   a  

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

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

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

c o n f i g u r a t i o n   h a v i n g   many  p o c k e t s   e t c . ,   s u c h  

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

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

d i p p i n g   f o r   15  s e c o n d s   or  more  ( p r e f e r a b l y   f o r  

30  to   90  s e c o n d s ) ,   f o l l o w e d   by  s p r a y i n g   f o r  

2  s e c o n d s   or  more  ( p r e f e r a b l y   f o r   5  to  45  s e c o n d s ) .  

Where  p h o s p h a t i n g   i s   c a r r i e d   ou t   by  a  s p r a y  

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

o n t o   t h e   m e t a l   s u r f a c e s   at  t h e   s a m e  t e m p e r a t u r e  

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

a b o v e   f o r   40  s e c o n d s   or  more  ( p r e f e r a b l y   f o r  

1  to   3  m i n u t e s ) ,   to   p r o d u c e   a  d e s i r e d  

p h o s p h a t e   c o a t i n g   f i l m   of  low  f i l m   a m o u n t   (1  t o  

1 . 8   g /m2)   on  i r o n - b a s e d   s u r f a c e s .   A g a i n ,   a n  

e v e n   p h o s p h a t e   f i l m   i s   a l s o   f o r m e d   on  z i n c - b a s e d  

s u r f a c e s .  

A f t e r   t h e   f o r m a t i o n   of  t h e   p h o s p h a t e   c o a t i n g  

f i l m ,   t h e   m e t a l   so  t r e a t e d   may  be  w a s h e d   w i t h  

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

by  an  a f t e r - t r e a t m e n t   in   a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n   as  d e s c r i b e d   b e l o w .  

The  a f t e r - t r e a t m e n t   i n v o l v e s   t r e a t i n g   t h e  

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

h a v i n g   a  pH  of  3  to   7,  p r e f e r a b l y   4  to   6,  a n d  

c o n t a i n i n g :  



(a )   a t   l e a s t   0 . 0 5   g / l ,   p r e f e r a b l y   a t  

l e a s t   0 . 1   g / 1 ,   (as   Z r 0 2 )   of  w a t e r - s o l u b l e  

f l u o r o z i r c o n i u m   c o m p o u n d ;   a n d  

(b)   at   l e a s t   0 . 0 5   g / 1   of  m y o  - i n o s i t o l  

p h o s p h a t e   a n d / o r   w a t e r - s o l u b l e   s a l t  

t h e r e o f ;  

w h e r e i n   t he   m o l a r   r a t i o   o f  

(a)   to   (b)  i s   in  t he   r a n g e   1 :1   t o  

5 0 : 1 ,   p r e f e r a b l y   2 :1   to   4 0 : 1 .  

The  p r e f e r r e d   w a t e r - s o l u b l e   z i r c o n i u m  

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

w i t h   a  v o l a t i l e   b a s e   such   as  a m m o n i a ,   a  l o w e r  

a l k y l a m i n e   or   a  h y d r o x y   l o w e r   a l k y l a m i n e  

( e . g .   m o n o e t h a n o l a m i n e ,   d i e t h a n o l a m i n e ,   t r i e t h a n o l a m i n e ,  

m e t h y l a m i n e ,   e t h y l a m i n e   or  d i m e t h y l a m i n e ) .   A l k a l i  

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

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

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

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

and  t h e y   a r e   t h e r e f o r e   n o t   p r e f e r r e d .   N e i t h e r  

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

a t e s   e x h i b i t   as  b e n e f i c i a l   an  e f f e c t   of   t h e   p r e s e n t  

i n v e n t i o n   as  do  f l u o r o z i r c o n i c   a c i d   and  i t s   s a l t s  

w i t h   v o l a t i l e   b a s e s .   When  t h e   amoun t   o f  

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

0 . 0 5   g / l ,   n e i t h e r   t he   a d h e s i o n   n o r   t h e   c o r r o s i o n -  

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

The  m y o - i n o s i t o l   p h o s p h a t e s   a n d  

w a t e r - s o l u b l e   s a l t s   t h e r e o f   u s e d   in  t h e   a b o v e -  

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

m y o - i n o s i t o l   h a v i n g   1  to  6  p h o s p h a t e   g r o u p s .  



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

t h a t   can  be  e m p l o y e d   h e r e i n .   O t h e r   u s e f u l  

p h o s p h a t e s   can   be  o b t a i n e d   b y  

h y d r o l y s i s   of  p h y t i c   a c i d .   As  w a t e r - s o l u b l e  

s a l t s   of  m y o - i n o s i t o l   p h o s p h a t e s ,   s a l t s  

of  v o l a t i l e   b a s e s   a re   p r e f e r r e d ,   s u c h   a s  

a m m o n i a ,   a  l o w e r   a l k y l a m i n e ,   or  a  h y d r o x y - l o w e r  

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

a b o v e ) .  

When  t h e   m o l a r   r a t i o   of  (a )   to   (b)   i s   l e s s  

t h a n   1 : 1 ,   a  z i r c o n i u m   s a l t   of  m y c - i n o s i t o l  

p h o s p h a t e   i s   n o t   f o r m e d   on  t he   p h o s p h a t e d  

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

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

On  t h e  o t h e r   h a n d ,   when   t he   r a t i o   e x c e e d s   5 0 : 1 ,  

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

i s   d i m i n i s h e d .  

As  s t a t e d   a b o v e ,   t h e   pH  of  t h e   a b o v e - m e n t i o n e d  

s o l u t i o n   i s   in   t h e   r a n g e   3  to   7.  When  p h y t i c  

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

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

i t s   c o n c e n t r a t i o n .   For   e x a m p l e ,   t h e   pH  of   a  0 . 1 ,  

0 . 0 1 ,   0 . 0 0 1 ,   and  0 . 0 0 0 1 ,   m o l e / l   a q u e o u s   s o l u t i o n   o f  

p h y t i c   a c i d   i s   r e s p e c t i v e l y   0 . 9 ,   1 . 7 ,   2 . 6 8 ,   and  3 . 6 1 .  

When  t h e   pH  of   t h e   p r e s e n t   s o l u t i o n   i s   l o w e r   t h a n  

a b o u t   3,  t h e   p h o s p h a t e   f i l m   on  t h e   m e t a l   s u r f a c e  

d i s s o l v e s   e x c e s s i v e l y   and  t h e   b e n e f i t s   o f  t h e  

i n v e n t i o n   c a n n o t   be  f u l l y   r e a l i z e d .   On  t h e   o t h e r  

h a n d ,   when  t h e   pH  e x c e e d s   a b o u t   7,  a  z i r c o n i u m  

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



f o r m e d   r e a d i l y   on  the   m e t a l   s u r f a c e ,   and  t h e  

b e n e f i c i a l   e f f e c t s   of  t h e   i n v e n t i o n   c a n n o t   b e  

r e a l i z e d .   A c c o r d i n g l y   t h e   pH  mus t   be  a d j u s t e d ,  

as  n e c e s s a r y ,   to  o b t a i n   a  pH  w i t h i n   t h e   r e q u i r e d  

r a n g e .  
As  pH  i n c r e a s i n g   a g e n t s ,   v o l a t i l e   b a s e s  

s u c h   as  a m m o n i a ,   a  l o w e r   a l k y l a m i n e   or  a  h y d r o x y -  

l o w e r   a l k y l a m i n e   may  be  e m p l o y e d   ( and   e x a m p l e s  

of  t h e s e   b a s e s   a re   s p e c i f i e d   a b o v e ) .  

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

f o r   pH  c o n t r o l   can  be  p r e s e n t   as  a  s a l t   o f  

f l u o r o z i r c o n i c   a c i d   a n d / o r   as  a  s a l t   of  t h e  

m y o - i n o s i t o l   p h o s p h a t e .   In  g e n e r a l ,   a t  

l e a s t   a b o u t   4  m o l e s   of  v o l a t i l e   b a s e   i s   r e q u i r e d  

p e r   mo le   of  m y o - i n o s i t o l   p h o s p h a t e .  

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

The  a q u e o u s   s o l u t i o n   u s e d   to   a f t e r - t r e a t  

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

s u b s t a n t i a l l y   no  s u b s t a n c e   w h i c h   w i l l   f o r m   a  x 
c o r r o s i v e   r e s i d u e   on  t he   m e t a l   s u r f a c e .   T h u s ,  

t h e   a q u e o u s   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  

s u b s t a n t i a l l y   n o - a l k a l i   m e t a l   i o n s ,   a l k a l i n e  

e a r t h   m e t a l   i o n s ;   or  any  o r g a n i c   a c i d   t h a t  

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

The  t r e a t m e n t   of  t h e   p h o s p h a t e d   m e t a l  

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

e f f e c t e d   by  any  c o n v e n t i o n a l   c o n t a c t i n g   m e t h o d  

s u c h   as  by  d i p p i n g   or  s p r a y i n g . '   The  t r e a t i n g  

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

room  t e m p e r a t u r e   to  90°C.   The  t r e a t m e n t   t i m e  

i s   at   l e a s t   l o n g   enough   to  wet  t h e   m e t a l  

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



u s u a l l y   in   t h e   r a n g e   of  f rom  5  s e c o n d s   t o  

5  m i n u t e s .   When  c o n t a c t i n g   i s   by  d i p p i n g ,  

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

u t i l i z e d   t h e r e f o r .  

When  t h e   s o l u t i o n   u s e d   to   t r e a t   t h e  

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

no  s u b s t a n c e   w h i c h   w i l l   f o r m   a  c o r r o s i v e   r e s i d u e ,  

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

may  be  d r i e d   w i t h o u t   f i r s t   w a s h i n g   w i t h   w a t e r .  

H o w e v e r ,   when  t h e   m e t a l   s u r f a c e   i s   to  be  d i p p e d  

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

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

in  any  way  d i m i n i s h   t h e   b e n e f i c i a l   e f f e c t s  

p r o d u c e d   by  t h e   p r e s e n t   p r o c e s s ) .  

E x a m p l e s   of  m e t a l   s u r f a c e s   t h a t   can  b e  

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

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

p l a t e   by  h o t   d i p p i n g ,   a l l o y e d   z i n c   p l a t e d   s t e e l  

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

by  e l e c t r o p l a t i n g   or  a l l o y e d   z i n c   p l a t e d ' s t e e l  

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

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

E x a m p l e s .  

EXAMPLES 

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

i n v e n t i o n   ( r e f e r r e d   to  h e r e i n a f t e r   as  I N V E N T I V E  

EXAMPLE  1  to   INVENTIVE  EXAMPLE  5)  were   c a r r i e d  

ou t   t o g e t h e r   w i t h   n i n e   E x a m p l e s   g i v e n   f o r  

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

as  COMPARISON  EXAMPLE  1  to  COMPAYISON  EXAMPLE  9 ) .  



The  t r e a t i n g   t e c h n i q u e s   u s e d ,   w h i c h   a r e  

r e f e r r e d   to  in  T a b l e   1,  a r e   g i v e n   in   d e t a i l  

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

of   e a c h   E x a m p l e   a r e   s e t   f o r t h   in   T a b l e   1,  t o g e t h e r  

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

t h e   p h o s p h a t e d   s u r f a c e s ,   r e f e r r e d   to  in   T a b l e  1  

as  " A f t e r   T r e a t m e n t " .   The  m e t a l   s u r f a c e s  

t r e a t e d   and  t he   t e s t   r e s u l t s   o b t a i n e d   at  d i f f e r e n t  

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

in  T a b l e   2 .  

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

in   T a b l e   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 :  

d e g r e a s i n g  -   w a s h i n g   w i t h   w a t e r  -   s u r f a c e  

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

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

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

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

by  t h e   d i p p i n g   p r o c e s s :  
( 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   ( N i p p o n   P a i n t   C o . ,   "RIDOLINE 

S D 2 0 0 " ,   2%  by  w e i g h t )   w h i c h   w a s  

s p r a y e d   on  t h e   m e t a l   s u r f a c e s   a t  
600C  f o r   1  m i n u t e ,   f o l l o w e d   b y  

d i p p i n g   in   t h e   s o l u t i o n   f o r   2  m i n u t e s ;  
(b)   t h e   m e t a l   s u r f a c e s   were  t h e n   w a s h e d  

w i t h   t a p   w a t e r   a t  r o o m   t e m p e r a t u r e   f o r  

15  s e c o n d s ;   ;  

( c )   t h e   m e t a l   s u r f a c e s   were   n e x t   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   ( N i p p o n  

P a i n t   C o . ,   "FIXODINE  5N-5,   0 .1%  b y  

w e i g h t )   at  room  t e m p e r a t u r e   f o r   1 5  

s e c o n d s ;  



(d)  t he   m e t a l   s u r f a c e s   were   t h e n   d i p  

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

s o l u t i o n   g i v e n   in   T a b l e   1  f o r   d i p  

t r e a t i n g   a t   520C  f o r   120  s e c o n d s  

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

t h e r e t o ;   a n d  

(e)   t h e   m e t a l   s u r f a c e s   were   w a s h e d   w i t h  

t a p   w a t e r   a t   room  t e m p e r a t u r e   f o r  

15  s e c o n d s .  

B.  C o n d i t i o n s   f o r   a p p l y i n g   a  c o n v e r s i o n   c o a t i n g  

by  t he   s p r a y   p r o c e s s :  
(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   ( N i p p o n   F a i n t   C o . ,   "RIDOLINE  S D 2 0 0 " ,  

2%  by  w e i g h t )   w h i c h   was  s p r a y e d   on  t h e  

m e t a l   s u r f a c e s   a t   6 0  C  f o r   2  m i n u t e s ;  

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

t a p   w a t e r   at   room  t e m p e r a t u r e   f o r  

15  s e c o n d s ;  

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

g i v e n   in   T a b l e   1  f o r   s p r a y   t r e a t i n g  

at  50°C  f o r   120  s e c o n d s ;   a n d  

(d)  t h e   m e t a l   s u r f a c e s   were   w a s h e d   w i t h  

t a p   w a t e r  a t   room  t e m p e r a t u r e   f o r  

15  s e c o n d s .  

C.  C o n d i t i o n s   f o r   A f t e r - T r e a t m e n t :  

(a)   a f t e r   s t e p   A ( e )   or  B ( d ) ,   w h i c h e v e r   i s  

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

d r y i n g ,   w e r e   d i p   or  s p r a y   t r e a t e d   w i t h  

a  T r e a t i n g   S o l u t i o n   g i v e n   in  T a b l e   1  

at  30°C  f o r   10  to   30  s e c o n d s ;  



(b)  t h e   m e t a l   s u r f a c e s   were   t h e n   d i p  

t r e a t e d   w i t h   d e i o n i z e d   w a t e r   a t  

room  t e m p e r a t u r e   f o r   15  s e c o n d s ;   a n d  

(c)  t he   m e t a l   s u r f a c e s   were   d r i e d   in  h o t  

a i r   a t   100°C  f o r   10  m i n u t e s .   T h e  

a p p e a r a n c e   and  f i l m   w e i g h t   of  t h e  

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

t h e   r e s u l t s   s e t   f o r t h   in   T a b l e   2 .  

(d)  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   P a i n t   C o . ,   "Power   Top  U - 3 0  

Dark   G r a y " )   was  c o a t e d   to  2 0  µ  t h i c k n e s s  

o n t o   t h e   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  

1 8 0 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  b a k i n g   at  180°C  f o r   30  m i n u t e s .   One  

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

s p r a y   t e s t ;  

(e)   a  s e c o n d   s a m p l e   of  e ach   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   w i t h   a n  

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   ( N i p p o n  

P a i n t   C o . ,   "ORGA  T0778  G r a y " )   to  3 0  µ  

t h i c k n e s s ,   f o l l o w e d   by  b a k i n g   at   1 4 0 ° C  

f o r   20  m i n u t e s ,   and  a  t o p   c o a t i n g   m a t e r i a l  

( N i p p o n   P a i n t   C o . ,   "ORGA  T0626  M a r g a r e t  

W h i t e " )   i n   4 0  µ   t h i c k n e s s   was  t h e n  

a p p l i e d ,   f o l l o w e d   by  b a k i n g   as  a b o v e .  

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

A l l   t h e   t h u s   c o a t e d   p l a t e s   were   s u b j e c t e d  

to  t h e   a d h e s i o n   t e s t ,   and  the   t h u s   c o a t e d  

c o l d   r o l l e d   s t e e l   p l a t e   a l s o   to  t he   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)  B r i n e   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   f o r  

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 )   o r  

1000  h o u r s   ( c o l d   r o l l e d   s t e e l   p l a t e ) .  

(B)  A d h e s i o n   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   i n  

d e i o n i z e d   w a t e r   at   50°C  f o r   10  d a y s ,   g r i d s  

(100   s g 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 i n g   a  s h a r p   c u t t e r ;  

an  a d h e s i v e   t a p e   was  a t t a c h e d   to   e a c h   s u r f a c e ;  

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

t h e   a d h e s i v e   t a p e   were   c o u n t e d .  

(C)  S p o t   r u s t i n g   t e s t :  

A  c o a t e d   p l a t e   was  s e t .  a t   a  15  d e g r e e  

a n g l e   to  t h e   h o r i z o n t a l   p l a n e ,   and  a n  

a r r o w   w i t h   a  cone  s h a p e d   h e a d   w i t h   a  9 0  

d e g r e e   v e r t i c a l   a n g l e ,  m a d e   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 - C - 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 . 0 0   g  a n d  

1 4 . 0   mm  i n  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   f rom  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  t h e   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 ,   t h e   c o a t e d   p l a t e   was  s u b j e c t e d  

to  4  c y c l e s   of  t e s t i n g ,   e a c h   c y c l e   c o n s i s t i n g  

of  f i r s t . t h e   b r i n e   s p r a y   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   8 5 % ,  

.120  h o u r s ) ,   and  t h i r d ,   s t a n d i n g   a t   r o o m  

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 ,  



t he   a v e r a g e   v a l u e   (mm)  of  t h e   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 ,   w i t h   t h e   r e s u l t s   s h o w n  

in  T a b l e   2 .  



















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

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

by  t r e a t i n g   s a i d   c o a t e d   s u r f a c e   w i t h   an  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 :  

(a)   at  l e a s t   0 . 0 5   g / 1   ( as   ZrO2)  o f  

w a t e r - s o l u b l e   f l u o r o z i r c o n i u m   c o m p o u n d ;  

and  : 

(b)  at  l e a s t   0 . 0 5   g / 1   of  m y o - i n o s i t o l  
p h o s p h a t e   a n d / o r   w a t e r - s o l u b l e   s a l t  

t h e r e o f ;  

t h e   a q u e o u s   s o l u t i o n   h a v i n g   a  pH  in   t h e   r a n g e   3  t o  

7,  and  t h e   m o l a r   r a t i o   of   (a)   to  (b)  b e i n g   in   t h e  

r a n g e   1 : 1   to   5 0 : 1 .  

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

by  e m p l o y i n g   as  ( a )   a t   l e a s t   0 . 1   g / 1   ( as   Z r 0 2 )   o f  

w a t e r - s o l u b l e   f l u o r o z i r c o n i u m   c o m p o u n d .  

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

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

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

v o l a t i l e   b a s e .  

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  t h e  

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

r a t i o   of  (a)   to   (b )   i s   f r o m   2 :1   to  4 0 : 1 .  

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  t h e  

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

w a t e r - s o l u b l e   f l u o r o z i r c o n i u m   compound   i s   o n e  

or  b o t h   of  f l u o r o z i r c o n i c   a c i d   and  a  s a l t  

t h e r e o f   w i t h   a  v o l a t i l e   b a s e .  



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

in  t h a t   the   s a l t   w i t h   a  v o l a t i l e   b a s e   i s   t h e  

ammonium  s a l t .  

7.  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  t h e  

p r e c e d i n g   c l a i m s   c h a r a c t e r i s e d   in  t h a t   t he   pH 

of  t h e   a q u e o u s   s o l u t i o n   i s   a d j u s t e d   i n t o   s a i d  

r a n g e   by  t h e   a d d i t i o n   of  a  v o l a t i l e   b a s e   t h e r e t o .  

8.  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  t h e  

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

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

9.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   8  c h a r a c t e r i s e d  

by  t r e a t i n g   an  a r t i c l e   w h i c h   h a s   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 .  

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  t h e  

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

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   i s   a p p l i e d   by  d i p p i n g  

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

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   f rom  0 . 5   to  1 . 5   g / 1  

of  z i n c   i o n ,   f r o m   5  to   30  g /1   of  p h o s p h a t e  i o n ,  

and  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 .  

11.   A  p r o c e s s   a c c o r d i n g   to   c l a i m   10  c h a r a c t e r i s e d  

in   t h a t   t he   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   is  a t  

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

0 . 0 1   to  0 . 2   g / 1   of  n i t r i t e   i o n ,   0 . 0 5   to   2  g / 1  

of  m - n i t r o b e n z e n e   s u l p h o n a t e   i o n ,   and  0 . 5   t o  

5  g / 1   of  h y d r o g e n   p e r o x i d e .  

12.   A  p r o c e s s   a c c o r d i n g   to  c l a i m   10  or  1 1  

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

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

( i )   1  to   10  g / 1   of  n i t r a t e   i o n ;   a n d / o r  

( i i )   0 . 0 5   to  2  g / 1   of  c h l o r a t e   i o n ,  



13.  A  p r o c e s s   a c c o r d i n g r t o   any  one  of   c l a i m s  

1 -9   c h a r a c t e r i s e d   in   t h a t   t h e   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   i s   a p p l i e d   by  s p r a y i n g   t h e   m e t a l   s u r f a c e  

w i t h   an  a c i d i c   a q u e o u s   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   0 . 4   to  1  g / 1   of  z i n c   i o n ,   5  to  40  g / 1  

of  p h o s p h a t e   i o n ,   2  to  5  g / 1   of  c h l o r a t e   i o n ,  

and  0 . 0 1   to  0 . 0 2   g / 1   of  n i t r i t e   i o n .  

14.  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  

10,  11  and  13  c h a r a c t e r i s e d   in   t h a t   t h e   p h o s p h a t i n g  

s o l u t i o n   a l s o  c o n t a i n s   0 . 1   to   4  g / 1   of  n i c k e l   i o n .  

15.   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  t h e  

p r e c e d i n g   c l a i m s   c h a r a c t e r i s e d   i n   t h a t   t he   m e t a l  

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

16.   A  c o m p o s i t i o n   f o r   t r e a t i n g   a  m e t a l   s u r f a c e  

h a v i n g   a  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 ,  

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

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

1 - 7 .  




	bibliography
	description
	claims
	search report

