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©  Pretreatment  composition  for  phosphatising  ferrous  metals,  and  method  of  preparing  the  same. 

Q7)  An  aqueous  composition  for  the  treatment  of  ferrous 
metal  surfaces  is  a  solution  comprising: 

(a)  titanium  compound  in  amount  from  1  to  100  parts 
per  million  by  weight,  measured  as  titanium; 

(b)  phosphate  and/or  acid  phosphate  in  amount  totall- 
ing  from  50  to  1500  parts  per  million  by  weight, 
measured  as  P04; 

(c)  pyrophosphate  in  amount  from  10  to  300  parts  per 
million  by  weight,  measured  as  P2Cv,  and 

(d)  carbonate  and/or  acid  carbonate  in  amount  totalling 
20  to  1500  parts  per  million  by  weight,  measured  as 

N  C03; 
the  solution  having  a  pH  from  8.5  to  9.5. 
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  An  aqueous  composition  for  the  treatment  of  ferrous 
metal  surfaces  is  a  solution  comprising: 

(a)  titanium  compound  in  amount  from  1  to  100  parts 
per  million  by  weight,  measured  as  titanium; 

(b)  phosphate  and/or  acid  phosphate  in  amount  totall- 
ing  from  50  to  1500  parts  per  million  by  weight, 
measured  as  PO4; 

(c)  pyrophosphate  in  amount  from  10  to  300  parts  per 
million  by  weight,  measured  as  P2O7;  and 

(d)  carbonate  and/or  acid  carbonate  in  amount totalling 
20  to  1500  parts  per  million  by  weight,  measured  as 
C03; 

the  solution  having  a  pH  from  8.5  to  9.5. 



T h i s   i n v e n t i o n   r e l a t e s   to  an  a q u e o u s  
s o l u t i o n   f o r   t he   t r e a t m e n t   o f  f e r r o u s   m e t a l  

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

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

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

s o l u t i o n   and  to  t h e   p r o d u c t i o n   of  t he   s o l i d  

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

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

s u c h   as  s t e e l   and  o t h e r   a l l o y s   of   i r o n ,   t he   u s u a l  

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

(1)  d e g r e a s i n g ;   (2)  w a s h i n g   w i t h   w a t e r ;  

(3)   s u r f a c e   p r e p a r a t i o n ;   (4)  c o n v e r s i o n   c o a t i n g ;  

(5)  w a s h i n g   w i t h   w a t e r ;   (6)   d r y i n g ;   a n d  

(7)  s i c c a t i v e   c o a t i n g .   Wi th   r e s p e c t   to  t h e  

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

h i t h e r t o   been   made .   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   Number  7 1 2 5 / 1 9 6 4   d i s c l o s e s  

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

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

- o x i d e   w i t h   an  e x c e s s   q u a n t i t y   of   s u l p h u r i c   a c i d ,  

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

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

a c i d   or  i t s   a l k a l i   m e t a l   s a l t   to  form  a  s l u r r y  

at   pH  of  1  or  l o w e r ,   f o l l o w e d   by  a g e i n g   t h e  

s l u r r y   a t   a  pH  of  from  6 .5   to  8 . 5 .   T h i s   s u r f a c e  

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

to  t he   p r e c i p i t a t i o n   of  t he   z i n c   p h o s p h a t e  

c o a t i n g   in  t h e   c o n v e r s i o n   c o a t i n g   s t e p   w h i c h  

f o l l o w s .   H o w e v e r ,   when  the   pH  of  s a i d   c o m p o s i -  

t i o n   i s   a b o u t   8 .5   or  l o w e r ,   p y r o p h o s p h a t e   i o n  



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

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

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

t h e   f o r m a t i o n   of  t he   z i n c   p h o s p h a t e   c o a t i n g ,  

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

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

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

unknown   r e a s o n ,   and  as  a  r e s u l t ,   i r o n   p y r o -  

p h o s p h a t e   f o r m s   on  t h e   s u r f a c e   of  t h e   f e r r o u s  

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

more   even   where   t h e   pH  of  t h e   c o m p o s i t i o n   i s  

a d j u s t e d   to   a  pH,  e . g .   a b o u t   9,  w h e r e   i r o n  

p y r o p h o s p h a t e   d o e s   no t   p r e c i p i t a t e ,   s u c h   as  b y  

t h e   a d d i t i o n   of  c a u s t i c   s o d a ,   c a u s t i c   p o t a s h ,  

e t c . ,   t he   pH  s t i l l   d e c r e a s e s   a f t e r   a  s h o r t  

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

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

m e t a l s   b e i n g   t r e a t e d .   A c c o r d i n g l y ,   pH  c o n t r o l  

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

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

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

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

c o m p o s i t i o n s   must   be  made ,   w i t h   a t t e n d a n t  

e x p e n s e   and  down  t i m e ,   p a r t i c u l a r l y   s i n c e   t h e  

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

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

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

In  a d d i t i o n   to  t h e   a b o v e   p r o b l e m   w i t h  

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

t h i s   c o m p o s i t i o n   does   no t   p r o v i d e   t h e   d e s i r e d  

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



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

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

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

s u f f e r   f rom  the   d i s a d v a n t a g e s   of  t h e   p r i o r   a r t  

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

p r e p a r a t i o n   c o m p o s i t i o n s   of  t he   p r e s e n t  

i n v e n t i o n   can  be  u s e d   f o r   l o n g   p e r i o d s   of   t i m e  

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

z i n c   p h o s p h a t e   c o a t i n g   when  a  z i n c   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 o m p o s i t i o n   i s   a p p l i e d   t o  

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

The  s u r f a c e   p r e p a r a t i o n   c o m p o s i t i o n s  

o f  t h e   i n v e n t i o n   can  be  u s e d   to  p r e t r e a t   a n y  

f e r r o u s   m e t a l   s u r f a c e ,   s u c h   as  s t e e l   or  o t h e r  

a l l o y s   of  i r o n   whe re   t h e   a l l o y   c o n s i s t s   p r e -  

d o m i n a n t l y   of  i r o n .  

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

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

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

c o m p r i s i n g :  

(a)   t i t a n i u m   compound   in  a m o u n t  f r o m  

1  to  100  p a r t s   per   m i l l i o n   b y  

w e i g h t ,   m e a s u r e d   as  t i t a n i u m ;  

(b)  p h o s p h a t e   a n d / o r   a c i d   p h o s p h a t e   i n  

a m o u n t   t o t a l l i n g   f rom  50  to  1 5 0 0  

p a r t s   per   m i l l i o n   by  w e i g h t ,  

m e a s u r e d   as  PO4;  
(c)   p y r o p h o s p h a t e   in  amoun t   f rom  10 

to  300  p a r t s   pe r   m i l l i o n   b y  

w e i g h t ,   m e a s u r e d   as  P207;   a n d  

(d)   c a r b o n a t e   a n d / o r   a c i d   c a r b o n a t e   i n  

amoun t   t o t a l l i n g   20  to  1500  p a r t s  



pe r   m i l l i o n   by  w e i g h t ,   m e a s u r e d   a s  

C o 3 ;  
t h e   s o l u t i o n   h a v i n g   a  pH  from  8 .5   to   9 . 5 .  

O p t i o n a l l y ,   a  r u s t - i n h i b i t i n g   q u a n t i t y  

of  n i t r i t e   i o n ,   e . g .   in  t he   fo rm  of  i t s   a l k a l i  

m e t a l   s a l t ,   s u c h   as  t he   s o d i u m   or  p o t a s s i u m  

s a l t ,   may  be  a d d e d   to  t he   s o l u t i o n ,   p r o v i d e d  

the   q u a n t i t y   a d d e d   i s   no t   so  l a r g e   as  t o  

i n t e r f e r e   w i t h   t h e   e f f e c t i v e n e s s   of   t h e  

c o m p o s i t i o n s .   A d d i t i o n a l   c a r b o n a t e   a n d / o r  

a c i d   c a r b o n a t e   may  t h e n   a l s o   be  a d d e d ,   i f  

n e c e s s a r y ,   to  k e e p   t h e   pH  in  t he   a b o v e   r a n g e .  
As  s o u r c e s   f o r   t he   e s s e n t i a l   i n g r e d i e n t s ,  

v a r i o u s   c o m p o u n d s   may  be  e m p l o y e d .   E x a m p l e s   o f  

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

t i t a n i u m   o x i d e   as  a  s o u r c e   of  (a);   p h o s p h o r i c  

a c i d ,   a  p r i m a r y   a l k a l i   m e t a l   s a l t   ( e . g .   Na  o r  

K  s a l t )   or  p r i m a r y   ammonium  s a l t   of  p h o s p h o r i c  

a c i d ,   a  s e c o n d a r y   a l k a l i   m e t a l   s a l t   ( e . g .   Na 

or  K  s a l t )   or  s e c o n d a r y   ammonium  s a l t   o f  

p h o s p h o r i c   a c i d ,   or  a  t e r t i a r y   a l k a l i   m e t a l  

s a l t   ( e . g .   Na  or  K  s a l t )   or  t e r t i a r y   a m m o n i u m  

s a l t   of  p h o s p h o r i c   a c i d   as  a  s o u r c e   of  ( b ) ;  

p y r o p h o s p h o r i c   a c i d   or  an  a l k a l i   m e t a l   s a l t  

( e . g .   Na  or  K  s a l t )   or  ammonium  s a l t   o f  

p y r o p h o s p h o r i c   a c i d   as  a  s o u r c e   of  ( c ) ;   a n d  

c a r b o n i c   a c i d ,   an  a l k a l i   m e t a l   s a l t   ( e . g .   Na 

or  K  s a l t )   or  ammonium  s a l t   of  c a r b o n i c   a c i d ,  

a l k a l i   m e t a l   h y d r o g e n   c a r b o n a t e   ( e . g .   Na  or  K 

s a l t )   or  ammonium  h y d r o g e n   c a r b o n a t e   as  a  

s o u r c e   of   ( d ) .  

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



s o l i d   c o m p o s i t i o n s   ( c o n v e n i e n t l y   in  p o w d e r   f o r m )  

t h a t   can  be  a d d e d   to   w a t e r   to  fo rm  t h e   a q u e o u s  

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

Such   s o l i d   c o m p o s i t i o n s   c o m p r i s e :  

(a)   t i t a n i u m   compound  in  a m o u n t   f r o m  

1  to   100  p a r t s   by  w e i g h t ,   m e a s u r e d  

as  t i t a n i u m ;  

(b)  p h o s p h a t e   a n d / o r   a c i d   p h o s p h a t e   i n  

a m o u n t   t o t a l l i n g   f rom  50  to  1 5 0 0  

p a r t s   by  w e i g h t ,   m e a s u r e d   as  P O 4 ;  
(c)   p y r o p h o s p h a t e   in  a m o u n t   f rom  10 

to  300  p a r t s   by  w e i g h t ,   m e a s u r e d  

as  P 2 0 7 ;   a n d  

(d)  c a r b o n a t e   a n d / o r   a c i d   c a r b o n a t e   i n  

a m o u n t   t o t a l l i n g   20  to  1500  p a r t s  

by  w e i g h t ,   m e a s u r e d   as  C 0 3 .  
O p t i o n a l l y ,   a  s m a l l   q u a n t i t y   of  n i t r i t e   i o n  

can  a l s o   be  p r e s e n t   to  p r o v i d e   a  r u s t - i n h i b i t i n g  

q u a n t i t y   of  n i t r i t e   i o n   when  the   s o l i d  

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

q u a n t i t y   of  w a t e r   to  g i v e   the   a q u e o u s   p r e -  

t r e a t m e n t   c o m p o s i t i o n s   of  the   i n v e n t i o n .  

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

by  (A)  m i x i n g   t h e   s o u r c e s   of  t i t a n i u m   c o m p o u n d ,  

p h o s p h a t e   a n d / o r   a c i d   p h o s p h a t e ,   and  p y r o -  

p h o s p h a t e   t o g e t h e r   w i t h   w a t e r   in  t h e   a b o v e  

p r o p o r t i o n s ;   (B)  h e a t i n g   the   r e s u l t i n g   m i x t u r e ,  

e . g .   at  a  t e m p e r a t u r e   in  the   r a n g e   of  f r o m  
100°  to  1200C  u n t i l   t h e   w a t e r   c o n t e n t   i s  

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

1.5%  by  w e i g h t   or  l e s s ;   and  (C)  m i x i n g ,   w h i c h  

s h o u l d   be  even   m i x i n g ,   the   r e s u l t i n g   s o l i d  

r e s i d u e   w i t h   t he   s o u r c e   of  c a r b o n a t e   a n d / o r  



a c i d   c a r b o n a t e   a d d e d   in  t h e   a b o v e   p r o p o r t i o n .  

When  f e r r o u s   m e t a l   s u r f a c e s   a r e  

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

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

a d h e r e s   t h e r e t o ,   w h i c h   s e r v e s   to  a c c e l e r a t e  

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

w h i c h   t he   z i n c   p h o s p h a t e   c o a t i n g   can  f o r m .  

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

e x c e l l e n t   c h a r a c t e r i s t i c s   as  a  b a s e   f o r  

s i c c a t i v e   c o a t i n g s   s u c h   as  p a i n t .   When  t h e  

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

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

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

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

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

h i g h e r   t h a n   the   a m o u n t   s p e c i f i e d ,   no  e n h a n c e d  

e f f e c t   i s   o b t a i n e d .   The  p h o s p h a t e   a n d / o r   a c i d  

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

p r e s e n t   f o r   the   same  p u r p o s e ,   i . e .   to  p r o v i d e  

an  a d e q u a t e   q u a n t i t y   of  t i t a n i u m   p h o s p h a t e  

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

The  p y r o p h o s p h a t e   has   the   b e n e f i c i a l  

e f f e c t   of  m i c r o n i z i n g   t h e   z i n c   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 .   When  the   c o n c e n t r a t i o n  

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

a d e q u a t e   m i c r o n i z i n g   i s   no t   a c h i e v e d .   When 

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

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

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

i n h i b i t i o n   of  f o r m a t i o n   of  a  z i n c   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 .  



When  t h e   c a r b o n a t e   a n d / o r   a c i d  

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

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

no t   o b t a i n e d ,   i . e .   when  t h e   pH  of  t he   p r e s e n t  

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

t he   r e q u i r e d   v a l u e s ,   t h e   p y r o p h o s p h a t e   i o n  

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

r e s u l t i n g   in  t h e   i n h i b i t i o n   of  t h e   s u b s e q u e n t  

z i n c   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   f o r m a t i o n .  

On  t h e   o t h e r   h a n d ,   t oo   h i g h  a   pH  v a l u e   d o e s  

no t   g i v e   a  p r e f e r r e d   c o n v e r s i o n   c o a t i n g   f o r  

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

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

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

c o m p o s i t i o n s   can  be  u s e d   f o r   l o n g   p e r i o d s   o f  

t i m e ,   and  p r o v i d e   a  b a s e   f o r   u n i f o r m ,   d e n s e  

z i n c   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 s .   The 

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

i n v e n t i o n   a r e   e s p e c i a l l y   e f f e c t i v e   f o r   p r e -  

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

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

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

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

a d v a n t a g e o u s   in  t he   d i p p i n g   t y p e   t r e a t m e n t   o f  

m e t a l s   in  w h i c h   a  l a r g e   q u a n t i t y   of  s u r f a c e  

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

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 ,   in  w h i c h   the   t e r m  

r e f e r s   to   p e r c e n t   by  w e i g h t .  



EXAMPLE  I  

An  a q u e o u s   s u r f a c e   t r e a t m e n t   c o m p o s i t i o n   w a s  

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

i n g r e d i e n t s :  

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

b i c a r b o n a t e ,   were   h e a t e d   a t   a  t e m p e r a t u r e   m a i n t a i n e d  

in   t h e   r a n g e   of   100°   to   120°C  w i t h   s t i r r i n g   u n t i l  

t h e   w a t e r   c o n t e n t   was  r e d u c e d   to   1 .5%  or   l o w e r  

( a b o u t   2  h o u r s ) .   To  t h e   p o w d e r   so  o b t a i n e d ,   t h e  

s o d i u m   b i c a r b o n a t e   was  a d d e d   and  e v e n l y   m i x e d  

t o g e t h e r .  

The  a b o v e   s o l i d   m i x t u r e   was  t h e n   d i l u t e d   w i t h  

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

c o n c e n t r a t i o n   of   0 . 0 7 %   of  t h e   m i x t u r e .  

EXAMPLE  I I  

An  a q u e o u s   s u r f a c e   t r e a t m e n t   c o m p o s i t i o n   w a s  

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

i n g r e d i e n t s :  

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

t h e   p r o c e s s   of  EXAMPLE  I ,   and  t h e   m i x t u r e   was  a d d e d  

to  s u f f i c i e n t   w a t e r   to  g i v e   a  s o l u t i o n   of   0 . 1 %  

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



EXAMPLE  I I I  

An  a q u e o u s   s u r f a c e   t r e a t m e n t   c o m p o s i t i o n   w a s  

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

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

m i x t u r e   f o r m e d   was  d i l u t e d   w i t h   w a t e r   to  fo rm  a  .  

0 . 0 5 %   a q u e o u s   s o l u t i o n :  

EXAMPLE  I V  

Each   of   t h r e e   d e g r e a s e d   c o m m e r c i a l   c o l d   r o l l e d  

s t e e l   p l a t e s   was  t r e a t e d   w i t h   one  of  t h e   n e w  

a q u e o u s   c o m p o s i t i o n s   of  EXAMPLES  I ,   I I   and  I I I ,  

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

of  EXAMPLE  I ,   a  s e c o n d   p l a t e   w i t h   t h e   c o m p o s i t i o n  

of  EXAMPLE  I I ,   e t c .   The  p l a t e s   were   t r e a t e d   b y  

d i p p i n g   them  f o r   1  m i n u t e   in  t h e   a q u e o u s  

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

and  i m m e d i a t e l y   d i p p i n g   them  i n t o   a  z i n c   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   b a t h   ( N i p p o n   P a i n t   C o .  

"GRANODINE  SD  2 0 0 0 " )   f o r   2  m i n u t e s   at  a  b a t h  

t e m p e r a t u r e   of   500C.   The  p l a t e s   were   t h e n  

w a s h e d   w i t h   w a t e r ,   d r i e d ,   and  e v a l u a t e d ;   i n  

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

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

c o m p o s i t i o n s   of  EXAMPLES  I ,   I I   and  I I I   had  s t o o d  

f o r   10  d a y s .   The  r e s u l t s   o b t a i n e d   a re   g i v e n   i n  

t h e   T a b l e   b e l o w   EXAMPLE  V I I I ,   t o g e t h e r   w i t h   t h e  

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



The  f o l l o w i n g   E x a m p l e s   a r e   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 ,   u s i n g   a q u e o u s   s u r f a c e   t r e a t m e n t  

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

of  t h e   p r i o r   a r t .  

EXAMPLE  V 

An  a q u e o u s   s u r f a c e   t r e a t m e n t   c o m p o s i t i o n   w a s  

p r e p a r e d   f rom  t he   f o l l o w i n g   i n g r e d i e n t s :  

A  s o l i d   m i x t u r e   was  f o r m e d   f rom  t h e   a b o v e  

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

EXAMPLE  I  ( e x c e p t   t h a t   a l l   of  t h e   a b o v e   i n g r e d i e n t s  

were   m i x e d   t o g e t h e r   and  h e a t e d   to   f o r m   t h e   s o l i d  

m i x t u r e ) .   A  0 .05%  a q u e o u s   s o l u t i o n   was  f o r m e d  

a c c o r d i n g   to  t h e   p r o c e d u r e   of  EXAMPLE  I .  

EXAMPLE  V I  

An  a q u e o u s   s u r f a c e   t r e a t m e n t   c o m p o s i t i o n   w a s  

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

a c c o r d a n c e   w i t h   t he   p r o c e d u r e   of  EXAMPLE  V  e x c e p t  

t h a t   t h e   s o l i d   m i x t u r e   was  d i l u t e d   w i t h   w a t e r   t o  

fo rm  a  0 . 1%  a q u e o u s   s o l u t i o n .  

EXAMPLE  V I I  

An  a q u e o u s   s u r f a c e   t r e a t m e n t   c o m p o s i t i o n   w a s  

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

a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   of  EXAMPLE  V 

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



w a t e r   to  form  a  0 . 0 7 %   a q u e o u s   s o l u t i o n .  

EXAMPLE  V I I I  

S ix   d e g r e a s e d   c o m m e r c i a l   c o l d   r o l l e d   s t e e l  

p l a t e s   of  t h e   t y p e   u s e d   in  EXAMPLE  IV  were   t r e a t e d  

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

r e s u l t s   o b t a i n e d   a re   g i v e n   in   t h e   T a b l e   b e l o w  

f o r   c o m p a r i s o n   p u r p o s e s .  





1.  An  a q u e o u s   s o l u t i o n   f o r   t h e   t r e a t m e n t   o f  

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

(a)   t i t a n i u m   c o m p o u n d   in   a m o u n t   f r o m  

1  to  100  p a r t s   p e r   m i l l i o n   by  w e i g h t ,  

m e a s u r e d   as  t i t a n i u m ;  

(b)  p h o s p h a t e   a n d / o r   a c i d   p h o s p h a t e   i n  

a m o u n t   t o t a l l i n g   f rom  50  to  1 5 0 0  

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

as  P O 4 ;  
(c)   p y r o p h o s p h a t e   in  amoun t   f rom  10  t o  

300  p a r t s   p e r   m i l l i o n   by  w e i g h t ,  

m e a s u r e d   as  P2O7;  a n d  

(d)  c a r b o n a t e   a n d / o r   a c i d   c a r b o n a t e   in  a m o u n t  

t o t a l l i n g   20  to  1500  p a r t s   p e r   m i l l i o n   b y  

w e i g h t ,   m e a s u r e d   as  C 0 3 ;  
t h e   s o l u t i o n   h a v i n g   a  pH  f rom  8 . 5   to  9 . 5 .  

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

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

t i t a n i u m   o x i d e .  

3.  A  s o l u t i o n   a c c o r d i n g   to  c l a i m   1  or  2  w h e r e i n  

( b ) ,   (c)   and  (d)   a r e   e a c h   p r e s e n t   in   t h e - f o r m   o f  

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

4.  A  s o l u t i o n   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g  

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

of  n i t r i t e   i o n .  

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

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

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



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  w h e r e i n   t h e  

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

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

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

t h e   f e r r o u s   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   t r e a t e d  

w i t h   a  z i n c   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 o m p o s i t i o n .  

8.  A  s o l i d   c o m p o s i t i o n   c o m p r i s i n g :  

(a)   t i t a n i u m   c o m p o u n d   in   a m o u n t   f r o m  

1  to  100  p a r t s   by  w e i g h t ,   m e a s u r e d  

as  t i t a n i u m ;  

(b)  p h o s p h a t e   a n d / o r   a c i d   p h o s p h a t e   in  a m o u n t  

t o t a l l i n g   f r o m   50  to  1500   p a r t s   by  w e i g h t ,  

m e a s u r e d   as  P 0 4 ;  
(c)   p y r o p h o s p h a t e   in   a m o u n t   f rom  10  to  3 0 0  

p a r t s   by  w e i g h t ,   m e a s u r e d   as  P2O7;  a n d  

(d)  c a r b o n a t e   a n d / o r   a c i d   c a r b o n a t e   in  a m o u n t  

t o t a l l i n g   20  to   1500  p a r t s   by  w e i g h t ,  

m e a s u r e d   as  C 0 3 .  
9.  A  c o m p o s i t i o n   a c c o r d i n g   to  c l a i m   8  w h e r e i n  

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

t i t a n i u m   o x i d e .  

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

w h e r e i n   ( b ) ,   ( c )   and  (d)   a re   e a c h   p r e s e n t   in   t h e  

f o r m   of  an  ammonium  or   an  a l k a l i   m e t a l   s a l t .  

11.   A  c o m p o s i t i o n   a c c o r d i n g   to  a n y  o n e   o f  

c l a i m s   8  to  10  w h i c h   c o n t a i n s   a  r u s t - i n h i b i t i n g  

q u a n t i t y   of  n i t r i t e   i o n .  

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

c l a i m e d   in  a n y  o n e   of   c l a i m s   8  to  11,  w h i c h   p r o c e s s  

c o m p r i s e s :  

(A)  m i x i n g   t o g e t h e r   in   w a t e r   ( a ) ,   (b)  and  ( c )  

as  d e f i n e d   in   c l a i m   8 ;  



(B)  h e a t i n g   t h e   a q u e o u s   m i x t u r e   to  r e m o v e  

s u b s t a n t i a l l y   a l l   of  t he   w a t e r   t h e r e i n ;  
a n d  

(C)  m i x i n g   t h e   r e s u l t i n g   s o l i d   r e s i d u e   w i t h  

(d)   as  d e f i n e d   in   c l a i m   8 .  

13.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   12  w h e r e i n   s t e p  
(B)  i s   c a r r i e d   o u t   a t   a  t e m p e r a t u r e   of  100°  to  1 2 0 ° C .  
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