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@)  Anti-corrosion  treatment  process  for  iron  materials. 

A  novel  anti-corrosion  treatment  process  for  iron  mate- 
rials  is  disclosed.  The  treatment  comprises  forming  zinc 
coating  on  the  surface  of  an  iron  material  by  the  mechanical 
zinc  plating  and  then  treating  the  plated  surface  with  a 
non-aqueous  chromating  composition.  The  process  brings 
about  practically  sufficient  anti-corrosion  effect  econom- 
ically  without  provision  for  treating  waste  liquid. 



F i e l d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  an  a n t i - c o r r o s i o n  

t r e a t m e n t   p r o c e s s   f o r   i r o n   m a t e r i a l s   ( i r o n   and  i r o n  

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

to  an  a n t i - c o r r o s i o n   t r e a t m e n t   p r o c e s s   f o r   i r o n  

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

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

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

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

B a c k g r o u n d   of   t h e   I n v e n t i o n  

I t   i s   w e l l - k n o w n   to   c o a t   t h e   s u r f a c e   of  s t e e l  

m a t e r i a l s   w i t h   z i n c   by  h o t - d i p   p l a t i n g   or  e l e c t r o l y t i c  

p l a t i n g .   R a t h e r   r e c e n t l y ,   a  m e t h o d   of  c o a t i n g   an  i r o n  

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

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

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

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

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

i r o n - z i n c   a l l o y s   ( J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n  

No.  4 5 3 7 2 / 8 1 ) .   T h i s   i s   an  i m p r o v e d   v e r s i o n   of  t h e   s o -  

c a l l e d   m e c h a n i c a l   p l a t i n g ,   w h i c h   has   b e e n   known  s i n c e  

a r o u n d   1965  as  d i s c l o s e d   in   B r i t i s h   P a t e n t   No.  1 , 0 4 1 , 6 2 0 .  

The  m e t h o d   of  J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n  

No.  4 5 3 7 2 / 8 1   c o m p r i s e s   p r o j e c t i n g   o n t o   t h e   s u r f a c e   o f  

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

s u b s t a n t i a l l y   of  i r o n   a  c r u s t   s u b s t a n t i a l l y   of  z i n c  

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

w i t h   i r o n - z i n c   a l l o y   l a y e r s   b e t w e e n   t h e   c o r e   and  t h e  

c r u s t .   Here   " s u b s t a n t i a l l y   of  i r o n " ,   means   t h e   c o r e  

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

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

" s u b s t a n t i a l l y   of  z i n c "   means   p u r e   z i n c   or  z i n c   a l l o y  

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

s i l i c o n ,   t i n ,   e t c .   The  i n t e r m e d i a t e   i r o n - z i n c   l a y e r s  



a r e   a  p l u r a l i t y   of  l a y e r s   of  d i f f e r e n t   F e - Z n   i n t e r -  

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

The  z i n c   b l a s t   m a t e r i a l   can   be  p r e p a r e d   by  m e l t  

c o a t i n g   or  d i f f u s i o n   c o a t i n g .   The  p r o p o r t i o n   of  i r o n  

and  z i n c   in   t h e   b l a s t   m a t e r i a l   i s   1 0  -   95  %  by  w e i g h t  

of  i r o n   to  5  -   90  %  by  w e i g h t   of  z i n c ,   p r e f e r a b l y   1 0  -  

70  %  by  w e i g h t   of  i r o n   to   9 0  -   30 %  by  w e i g h t   of  z i n c ,  

more   p r e f e r a b l y ,   1 5  -   65  %  by  w e i g h t   of  i r o n   to   8 5  -  

35  %  by  w e i g h t   of  z i n c .   A  s u i t a b l e   p r o p o r t i o n   in   t h i s  

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

The  p a r t i c l e   s i z e   i s   g e n e r a l l y   u n d e r   16  m e s h .  

B l a s t i n g   can   be  e f f e c t e d   u s i n g   b l a s t   m a c h i n e s   o f  

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

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

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

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

ed.   A l t h o u g h   t h e   m e t h o d   and  m a t e r i a l   of  s a i d   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   have   r a d i c a l l y   o v e r c o m e   t h e   d e f e c t s  

of  e a r l i e r   m e c h a n i c a l   p l a t i n g ,   z i n c - c o a t i n g   f o r m e d   b y  

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

r e s i s t a n c e   and  r ed   r u s t   i s   g e n e r a t e d   on  an  i r o n  

m a t e r i a l   c o a t e d   w i t h   z i n c   a t   100  m g / d m 2  b y   t h i s   m e t h o d  

w i t h i n   24  h o u r s   in  t h e   s a l t   s p r a y   t e s t .   I t   i s   c o n -  

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

i s   of  an  i r o n - z i n c   a l l o y   and  i s   p o r o u s .  

T h e r e f o r e ,   even   by  t h e   a b o v e - m e n t i o n e d   i m p r o v e d  

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

" b l a s t   z i n c   p l a t i n g " )   s u f f i c i e n t   c o r r o s i o n   r e s i s t a n c e  

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

some  o t h e r   s u i t a b l e   m e t h o d .  

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

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

t h e   b a k i n g   c h r o m a t i n g   p r o c e s s ,   a q u e o u s   c h r o m a t i n g  

p r o c e s s   and  n o n - a q u e o u s   c h r o m a t i n g   p r o c e s s .  
The  b a k i n g   c h r o m a t i n g   p r o c e s s   c o m p r i s e s   c o a t i n g  

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

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

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



r e d u c e   t h e   c h r o m i c   a c i d   c o m p o u n d   so  as  to   f o rm  a  

w a t e r - i n s o l u b l e   c h r o m a t e   c o a t i n g   f i l m .   " H y n a c k "   o f  

P e n n w a l t   C o m p a n y ,   " D a c r o m e t   100"  of  D iamond   S h a m r o c k  

Company ,   e t c .   a r e   w e l l   known  a g e n t s   f o r   t h e   p r o c e s s  

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

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

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

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

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

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

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

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

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

t r e a t e d   and  s t e p s   f o r   d r y i n g   and  b a k i n g   t h e   g r e e n  

s u b s t r a t e   a r e   r e q u i r e d   and  t h u s   i t   r e q u i r e s   h i g h e r  

e q u i p m e n t   c o s t ,   more   e x t e n s i v e   p l a n t   s p a c e ,   i n c r e a s e d  

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

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

The  a q u e o u s   c h r o m a t i n g   p r o c e s s   c o m p r i s e s   t r e a t -  

i ng   t h e   s u r f a c e   of   a  g a l v a n i z e d   s t e e l   m a t e r i a l   w i t h  

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

a  s t r o n g   a c i d   and  w a t e r .   T h i s   i s   an  a g e - o l d   w e l l  

known  t e c h n i q u e   d i s c l o s e d   in   s e v e r a l   t e x t   b o o k s   s u c h  

as  "Mekk i   G i j u t u   B i n r a n "   p u b l i s h e d   by  N i k k a n   K o g y o  

S i n b u n s h a ,   e t c .   The  a q u e o u s   c h r o m a t i n g   t r e a t m e n t   i s  

e f f e c t i v e   f o r   p u r e   z i n c ,   b u t   i s   n o t   so  e f f e c t i v e   f o r  

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

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

ing   c o m p o s i t i o n   i s   a  m i x t u r e   of   w a t e r ,   a  w a t e r - s o l u b l e  

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

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

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

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

c h r o m a t e   f i l m   on  t h e   s u r f a c e .   The  r e a c t i o n   t a k e s  

p l a c e   a t   t h e   z i n c - p l a t e d   s u r f a c e   and  t h e r e f o r e ,   a  
t h i c k   f i l m   c a n n o t   be  e a s i l y   f o r m e d .   A l s o   t h e   a q u e o u s  

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

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



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

t h e   o p e r a t i o n   t h e r e f o r   i s   h u g e .   T h e r e f o r e ,   i t   i s   n o t  

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

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

of  w a s t e   l i q u i d .  

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

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

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

h y d r o c a r b o n )   and  an  a l c o h o l   as  a  s o l u b i l i z e r ,   and  i t  

may  c o n t a i n   a  s t a b i l i z e r   and  a  r e a c t i o n   p r o m o t o r   f o r  

f o r m a t i o n   of  c h r o m a t e   f i l m   and  t h e y   a 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.  5 2 8 8 / 6 5   (Du  P o n t ) ,  

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.  3 3 6 3 / 6 7   (Du  P o n t ) ,  

J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n   No.  6 2 9 7 0 / 8 1  

(Tokuyama   S o d a ) , J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n  

No.  9 7 4 7 6 / 8 0   ( N i p p o n   P a i n t )   and  J a p a n e s e   L a i d - O p e n  

P a t e n t   P u b l i c a t i o n   No.  1 3 9 6 7 9 / 8 1   ( N i p p o n   P a i n t ) .  

R a t h e r  r e c e n t l y ,   a  v e r y   s t a b l e   n o n - a q u e o u s   c h r o m a t i n g  

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

as  t h e   s o l v e n t   was  i n v e n t e d   ( c o p e n d i n g   P a t e n t   A p p l i c a -  

t i o n   No.  ) .  

In  t h e   p r o c e s s   of  t h i s   i n v e n t i o n ,   any  n o n -  

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

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

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

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

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

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

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

c o m p l e t e d   t h i s   i n v e n t i o n .  

Summary  of  t h e   I n v e n t i o n  

T h i s   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  

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

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

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

s t a n t i a l l y   i r o n ,   i n t e r m e d i a t e   l a y e r s   of  i r o n - z i n c  

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



z i n c ;   and  t r e a t i n g   t h e   t h u s   z i n c - c o a t e d   s u r f a c e   w i t h  

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

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

s o l v e n t ,   an  a l c o h o l   s o l u b i l i z e r .  

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

t h e   i n s u f f i c i e n c y   in   t h e   c o r r o s i o n   p r e v e n t i o n   e f f e c t  

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

S p e c i f i c   D e s c r i p t i o n   of  t h e   I n v e n t i o n  

The  b l a s t   z i n c   p l a t i n g   e m p l o y e d   in  t h i s   i n v e n t i o n  

i s   d e s c r i b e d   in   d e t a i l   in  t h e   a b o v e - m e n t i o n e d   J a p a n e s e  

L a i d - O p e n   P a t e n t   P u b l i c a t i o n   No.  4 5 3 7 2 / 8 1 - . .   H o w e v e r ,  

an  o u t l i n e   of   t h e   p e r t i n e n t   p o r t i o n s   t h e r e o f   i s   s e t  

o u t   in   t h e   f o l l o w i n g .  

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

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

any  known  m e t h o d   s u c h   as  t h e   c a r b o n   r e d u c t i o n  

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

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

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

w o r k i n g   a n d / o r   h e a t   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  

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

T h a t   i s   to   s a y ,   t h e   p a r t i c l e s   s h o u l d   be  made  a s  

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

c o l d   w o r k i n g ,   so  as  to   o b t a i n   i r o n   p a r t i c l e s   h a v i n g  

e x c e l l e n t   a b r a s i o n   r e s i s t a n c e   and  i m p a c t   r e s i s t a n c e .  

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

p r e f e r a b l y   be  i m p r o v e d   by  a l l o y i n g   some  of  t h e   a b o v e -  

m e n t i o n e d   e l e m e n t s .   Such  i m p r o v e m e n t   in   t h e   t o u g h n e s s  

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

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

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

p r a c t i c a l l y   o b s e r v e d .  

M e t a l l i c   z i n c   i s   r a t h e r   b r i t t l e .   T h e r e f o r e ,  

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

c r u s t   of  t h e   b l a s t   m a t e r i a l   c o n t a i n s   3  -   5  %  a l u m i n u m  

a n d / o r   0 . 2  -   1  %  c o p p e r .   The  i m p a c t   r e s i s t a n c e   o f  

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

e l e m e n t s .   The  b l a s t   m a t e r i a l   h a v i n g   an  a l l o y   c r u s t  



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

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

a l s o   be  p r e p a r e d   by  t h e   d i f f u s i o n   p r o c e s s .  
The  d i f f u s i o n   p r o c e s s   c o m p r i s e s   h e a t i n g   a  m i x t u r e   o f  

i r o n   p a r t i c l e s   and  z i n c   p o w d e r .   S p e c i f i c a l l y ,   n e a t  

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

p o w d e r ,   p r e f e r a b l y   f u r t h e r   w i t h   0 . 5  -   3  %  on  t h e  

b a s i s   of  t h e   m e t a l s   of  ammonium  h a l i d e ,   p r e f e r a b l y  

c h l o r i d e   a d d e d ,   in   a  c o n t a i n e r   of  i r o n   or   s i l i c o n  

c a r b i d e ,   a t   a  t e m p e r a t u r e   in   t h e   r a n g e   of  4 0 0  -  

700°C  f o r   3  -   20  m i n u t e s   so  as  to   f o rm  z i n c - i r o n  

a l l o y   l a y e r s   and  a  z i n c   c r u s t   a r o u n d   t h e   i r o n   c o r e s .  

T h i s   p r o c e s s   can   be  c a r r i e d   o u t   by  a  b a t c h - w i s e  

or  c o n t i n u o u s l y .   When  i t   i s   c o n t i n u o u s l y   c a r r i e d   o u t  

by  f e e d i n g   i r o n   p o w d e r   i n t o   an  a u g e r   t y p e   or   a  p u s h e r  

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

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

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

m a t e r i a l   i s   s u b s t a n t i a l l y   t h e   same  as  o b t a i n e d   b y  

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

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

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

1  -   2  c a r b o n   a t o m s   and  c h l o r i n e   a n d / o r   f l u o r i n e   a t o m s  

as  w e l l   as  p o s s i b l e   r e m a i n i n g   h y d r o g e n s .   T h a t   i s ,  

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

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

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

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

e t c .   and  m i x t u r e s  t h e r e o f   can   be  s u i t a b l y   u s e d .  

The  f a c t o r s   to   be  c o n s i d e r e d   in   s e l e c t i n g   s o l v e n t   i s  

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

c o m p o n e n t s   of  t h e   c o m p o s i t i o n ,   i t   i s   in   t h e   l i q u i d  

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

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

e t c .   C h r o m i c   a c i d   u s e d   in   t h i s   i n v e n t i o n   i s   w h a t  

is   c a l l e d   c h r o m i c   a c i d   a n h y d r i d e   or  c h r o m i u m   t r i o x i d e  

h a v i n g   a  c h e m i c a l   f o r m u l a   C r 0 3 .   S a i d   c h r o m i c   a c i d  



a n h y d r i d e   i s   u s e d   in   an  a m o u n t   of  0 . 0 1  -   10  p a r t s  

p r e f e r a b l y   0 . 1  -   8  p a r t s ,   more   p r e f e r a b l y   0 . 2  -   5 

p a r t s   by  w e i g h t   h e r e i n a f t e r   r e f e r r e d   to   s i m p l y   a s  

p a r t s   p e r   100  p a r t s   of  t h e   h a l o g e n a t e d   h y d r o c a r b o n  

s o l v e n t .   Wi th   an  a m o u n t   l e s s   t h a n   0 . 0 1   p a r t , . t h e  

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

t h e   a m o u n t   in   e x c e s s   of  10  p a r t s ,   d e c o m p o s i t i o n   o f  

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

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

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

e f f e c t .  

The  s o l u b i l i z e r   u s e d   in   t h i s   i n v e n t i o n   i s   a  

s e c o n d a r y  o r  t e r t i a r y   a l c o h o l   h a v i n g  3  -   20  c a r b o n  

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

c a r b o n   s o l v e n t .   G e n e r a l l y ,   s e c o n d a r y   p r o p a n o l ,  

t e r t i a r y   b u t a n o l ,   t e r t i a r y   amyl   a l c o h o l ,   t r i p h e n y l  

c a r b i n o l ,   e t c .   can   be  s u i t a b l y   u s e d .   T e r t i a r y  

b u t a n o l   ( h e r e i n a f t e r   r e f e r r e d   to   as  t - b u t a n o l )   i s  

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

m o s t   of  t h e   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n ,   i s  

s t a b l e   o v e r   a  l o n g   p e r i o d   and  i s   i n e x p e n s i v e .  

At  l e a s t   1  p a r t   of   t h e   s o l u b i l i z e r   p e r   100  p a r t s  

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

and  20  p a r t s   o r   l a r g e r   a m o u n t   can   be  u s e d .   As  a n  

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

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

d i s s o l v e d .   W i t h   l e s s   t h a n   1  p a r t   of  t h e   s o l u b i l i z e r ,  

s o l u b i l i z a t i o n   in   n o t   s u f f i c i e n t .   More  t h a n   20  p a r t s  
t h e r e o f   can   be  u s e d ,   b u t   i t   may  make  t h e   c o m p o s i t i o n  

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

up  to   20  p a r t s   w i l l   be  p r e f e r a b l y   u s e d .   The  m o r e  

p r e f e r r e d   r a n g e   i s   2  -   10  p a r t s .  

The  s t a b i l i z e r   u s e d   in   t h i s   i n v e n t i o n   can   b e  

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

as  a m i n e s ,   q u i n o n e s ,   n i t r o - ,   a z o - ,   a z o x y a r o m a t i c  

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

z i n c   f l u o r i d e ,   z i n c   o x i d e ,   e t c .   The  s t a b i l i z e r   i s  

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



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

E x a m p l e s   of  t h e   s t a b i l i z e r   a r e :   N - n i t r o d i p h e n y l a m i n e ,  

a z o x y b e n z e n e ,   h y d r o q u i n o n e ,   d i i s o b u t y l a m i n e ,   p e n t a d i e n e ,  

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

or  in   c o m b i n a t i c n ,   and  a r e   u s e d   in   an  a m o u n t   0 . 0 0 1  -   5 

p a r t s   p e r   100  p a r t s   of  t h e   h a l o g e n a t e d   h y d r o c a r b o n  

s o l v e n t .   O u t s i d e   of  t h i s   r a n g e ,   l i t t l e   or   no  e f f e c t  

i s   e x p e c t e d   or   no  c o r r e s p o n d i n g l y   b e t t e r   e f f e c t   i s  

e x p e c t e d .   The  p r e f e r r e d   r a n g e   i s   0 . 0 5  -   3  p a r t s   a n d  

t h e   more   p r e f e r r e d   r a n g e   i s   0 . 1  -   2  p a r t s .  

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

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

e t c .   T h i s   c o m p o n e n t   i s   n o t   e s s e n t i a l   and  can   be  o m i t t e d  

f rom  t h e   c o m p o s i t i o n   d e p e n d i n g   u p o n . t h e   c o n d i t i o n .  

An  o r g a n i c   a c i d   h a v i n g   1  -   20  c a r b o n   a t o m s   can   be  u s e d .  

P r e f e r a b l y   an  o r g a n i c   a c i d   h a v i n g   a  g e n e r a l   f o r m u l a  

R - ( C O O H )  ,   w h e r e i n   R  i s   may  be  a  s t r a i g h t - c h a i n e d ,  

b r a n c h e d   or  c y c l i c   h y d r o c a r b y l   g r o u p ,   and  may  be  s u b -  

s t i t u t e d ,   and  n  i s   an  i n t e g e r   of   1  -   3.  E x a m p l e s   o f  

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

l a c t i c   a c i d ,   s t e a r i c   a c i d ,   o x a l i c   a c i d ,   f u m a r i c   a c i d ,  

m a l e i c   a c i d ,   m a l i c   a c i d ,   e t c .   and  m i x t u r e s   of  t h e r e o f .  

T h e s e   r e a c t i o n   p r o m o t o r s   can   s u i t a b l y   be  u s e d   in   a n  

a m o u n t   0 . 0 0 1  -   10  p a r t s ,   p r e f e r a b l y   0 . 0 0 3  -   1  p a r t ,  

and  more   p r e f e r a b l y   0 . 0 0 5  -   0 .5   p a r t   p e r   100  p a r t s  

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

of  n o t   more   t h a n   p r e f e r a b l y   0 . 1 2   p a r t ,   W a t e r   s h o u l d  

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

h o m o g e n e o u s l y   in   t h e   s y s t e m .   U n d e r   t h e   l o w e r   l i m i t ,  

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

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

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

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

t h e   r e a c t i o n   p r o m o t o r   i s   0 . 0 0 5  -   0 . 1 2   p a r t .  
The  c h r o m a t i n g   t r e a t m e n t   c o m p o s i t i o n   u s e d   i n  

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



a q u e o u s ,   and  t h e   h a l o g e n a t e d   h y d r o c a r b o n   s o l v e n t   a c t s  

as  a  d e g r e a s e r   as  w e l l   as  makes   t h e   s y s t e m   n o n -  

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

to  d i s s o l v e   h o m o g e n e o u s l y   in  t h e   s y s t e m .   I t   i s  

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

g e n e o u s l y   in   t h e   s y s t e m .   I f   n o t ,   t h e   r e s u l t i n g  

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

s a t i s f a c t o r y   a n t i - c o r r o s i o n   e f f e c t .  

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

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

k e p t   a t   a  t e m p e r a t u r e   b e t w e e n   5°C  and  t h e   b o i l i n g   p o i n t  

and  m e t a l   a r t i c l e s   to   be  t r e a t e d   a r e   c o n t a c t e d   t h e r e -  

w i t h   f o r   1  s e c o n d  -   60  m i n u t e s ,   p r e f e r a b l y   f o r   30  

s e c o n d s   to   5  m i n u t e s .   T h e r e a f t e r ,   t h e   m e t a l   s u r f a c e  

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

t h a n   5°C,  t h e   c h r o m a t i n g   r e a c t i o n   d o e s   n o t   s u b s t a n t i a l l y  

p r o c e e d ;   and  when  t h e   c o n t a c t   t i m e   i s   s h o r t e r   t h a n   1 

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

and  when  i t   i s   l o n g e r   60  m i n u t e s ,   n o n - u n i f o r m   c o a t i n g  

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

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

p r e f e r a b l y   be  d e g r e a s e d   b e f o r e h a n d .   H o w e v e r ,   n o t   t o o  

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

r e m o v e d   d u r i n g   t h e   c h r o m a t i n g   t r e a t m e n t .  

I t   i s   of  c o u r s e   p o s s i b l e   to   i m p r o v e   t h e   a n t i -  

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

As  has   b e e n   d e s c r i b e d   a b o v e ,   t h e   p r o c e s s   of  t h i s  

i n v e n t i o n   i s   s u b s t a n t i a l l y   n o n - a q u e o u s   a l l   t h r o u g h  

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

a r e   r e q u i r e d .   Thus   e x c e l l e n t   a n t i - c o r r o s i o n   c o a t i n g  

can   be  f o r m e d   v e r y   e c o n o m i c a l l y .  

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

i n v e n t i o n   ( I ) ,   t h o s e   o b t a i n e d   by  t h e   h o t - d i p   z i n c  

p l a t i n g   p r o c e s s   ( I I )   and  t h e   p r o d u c t   o b t a i n e d   b y  

t r e a t i n g   h o t - d i p   z i n c - p l a t e d   m a t e r i a l   by  t h e   n o n -  

a q u e o u s   c h r o m a t i n g   t r e a t m e n t   c o m p o s i t i o n   ( I I I )   a r e  

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



p r o d u c t   (I)  comes   s e c o n d   and  p r o d u c t   ( I I )   i s   i n f e r i o r .  

But   t h e   c o s t   f o r   p r e p a r i n g   p r o d u c t   ( I I I )   i s   t h r e e   t i m e s  

t h a t   of   ( I ) .   C o r r o s i o n   r e s i s t a n c e   of  p r o d u c t   ( I I )   i s  

s u f f i c i e n t   f o r   o r d i n a r y   u s e s .   Thus   i t   can   be  s a i d   t h a t  

p r o d u c t   ( I I I )   i s   of  e x c e s s i v e l y   s u p e r i o r   q u a l i t y .  

S p e c i f i c   D e s c r i p t i o n   of  E m b o d i m e n t s   of   t h e   I n v e n t i o n  

Now  t h e   i n v e n t i o n   w i l l   be  e x p l a i n e d   in   d e t a i l   b y  

way  of  w o r k i n g   e x a m p l e s   and  c o m p a r a t i v e   e x a m p l e s .  

H o w e v e r ,   t h e   i n v e n t i o n   i s   by  no  m e a n s   l i m i t e d   to   s u c h  

w o r k i n g   e x a m p l e s .  

E x a m p l e   1  ( m e l t   c o a t i n g   of   i r o n   p a r t i c l e s )  

I r o n   p a r t i c l e s   s m a l l e r   t h a n   16  mesh   w e r e   f i l l e d  

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

a n n e a l e d   u s i n g   a  t u n n e l   k i l n   f u r n a c e   a t   920°C  w i t h   a  

r e s i d e n c e   t i m e   of   6  h o u r s .   The  lump  t a k e n   o u t   w a s  

c r u s h e d   and  1 6  -   32  m e s h ,   3 2  -   48  m e s h ,   4 8  -   60  m e s h  

and  6 0  -   80  mesh   f r a c t i o n   w e r e   c o l l e c t e d .  

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

z i n c   a l l o y   (4  %  a l u m i n u m ,   0 .5   %  c o p p e r   and  t h e   b a l a n c e  

z i n c )   k e p t   a t   620  +5°C  u n d e r   t h e   c o n d i t i o n   i n d i c a t e d  

in  T a b l e   1.  The  m i x t u r e   was  c o o l e d   in   t h e   a t m o s p h e r e ,  

c r u s h e d   w i t h   a  hammer  m i l l  a n d   f i n a l l y   p u l v e r i z e d  

w i t h   a  i m p a c t   t y p e   h i g h   s p e e d   p u l v e r i z e r   and  s c r e e n e d .  

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

i n d i c a t e d   in   T a b l e   2 .  



E x a m p l e   2  ( d i f f u s i o n   c o a t i n g   of  i r o n   p a r t i c l e s )  

The  same  i r o n   p a r t i c l e s   as  u s e d   in  E x a m p l e   1  w e r e  

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

T a b l e   3,  a n d  f u r t h e r   0 ,6   %  on  t h e   b a s i s   of  t h e   w e i g h t  

of   t h e   m e t a l s   of  ammonium  c h l o r i d e   was  a d d e d   and  m i x e d  

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

p o w d e r .   The  m i x t u r e   was  f i l l e d   in   a  c y l i n d r i c a l  

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

h e a t e d   a t   65.0°C,  by  w h i c h   a  r e a c t i o n   t e m p e r a t u r e   o f  

550°C  was  r a p i d l y   a c h i e v e d   in   t h e   c o n t a i n e r ,   and  t h e  

c o n t a i n e r   was  k e p t   in   t h e   f u r n a c e   f o r   f i v e   m i n u t e s .  

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

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

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

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

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

t h e   z i n c   p o w d e r .   T h e r e f o r e ,   no  c r u s h i n g   i s   r e q u i r e d .  

C h r o m a t i n g   and  T e s t   M e t h o d s :  

H e x a g o n a l   h e a d   m i l d   s t e e l   b o l t s   10  mm  x  40  mm  i n  

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

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

3 2  -   48  mesh  i r o n - z i n c   b l a s t   m a t e r i a l   o b t a i n e d   b y  

E x a m p l e   1  f o r   30  m i n u t e s   so  t h a t   t h e   s u r f a c e   of  t h e m  

was  c o a t e d   w i t h   i r o n - z i n c   a l l o y   w i t h   a  c o a t i n g   w e i g h t  



of  100  mg/dm2.   The  t h u s   o b t a i n e d   i r o n - z i n c - c o a t e d  

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

a q u e o u s   c h r o m a t i n g   t r e a t m e n t   c o m p o s i t i o n .   Each   5 

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

f o l l o w i n g   c o r r o s i o n   t e s t s .  

(1)  S a l t   s p r a y   t e s t  

The  t e s t   was  c a r r i e d   o u t   in   a c c o r d a n c e   w i t h   t h e  

m e t h o d   of  A S T M - B l 1 7 - 7 3   ( J I S - Z - 2 3 7 1 ) ,   and  t h e   r e s u l t s  

we re   e v a l u a t e d   a c c o r d i n g   to  t h e   f o l l o w i n g   r a n k i n g .  

5  p o i n t s   No  r e d   r u s t   g e n e r a t e d  

4  p o i n t s   Not   more   t h a n   10  p i n   h o l e   r e d   r u s t   g e n e r a t e d  

3  p o i n t s   R u s t   s p o t s   s p r e a d ,   and  s l i g h t   r u s t   f l o w s  

o b s e r v e d  

2  p o i n t s   R e m a r k a b l e   r u s t   f l o w s   o b s e r v e d  

1  p o i n t   E n t i r e   s u r f a c e   c o v e r e d   by  r u s t  

(2)  CASS  t e s t  

The  t e s t   was  c a r r i e d   o u t   in   a c c o r d a n c e   w i t h   t h e  

m e t h o d   as  s t i p u l a t e d   in   A S T M - B 3 6 8 - 6 8   ( J I S - Z - 0 2 0 1 - 1 9 7 1 ) ,  

p r o v i d e d   t h a t   t h e   pH  of  t h e   s p r a y   s o l u t i o n   was  3 . 5 .  

The  e v a l u a t i o n   of  t h e   r e s u l t s   was  t h e   same  as  a b o v e .  

(3)  O u t d o o r   w a t e r   s p r a y   t e s t  

A  s p r i n k l e r   was  p r o v i d e d   on  an  a s p h a l t - p a v e d  

a r e a   and  s a m p l e s   w e r e   p l a c e d   a r o u n d   t h e   s p r i n k l e r  
w i t h i n   1 .4   m  in  a  c o n c e n t r i c a l   a r r a n g e m e n t .   W a t e r   w a s  
c o n t i n u o u s l y   s p r a y e d   a t   a  r a t e   of  0 . 3  -   0 .4   m 3 / h r .  

(4)  C y c l e   t e s t  

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

A S T M - B l 1 7 - 7 3   ( J I S - Z - 2 3 7 1 )   was  c o n d u c t e d   f o r   4  h o u r s ,  

t h e n   s a m p l e s   w e r e   d r i e d   a t   60°C  f o r   2  h o u r s   and  . 
t h e r e a f t e r   t h e   s a m p l e s   w e r e   p l a c e d   in   an  e n v i r o n m e n t  

of  50°C  and  50 %  RH  f o r   2  h o u r s .   T h i s   c y c l e   w a s  

r e p e a t e d .  

E x a m p l e   3 

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

d i s s o l v i n g   0 .5   p a r t   c h r o m i c   a c i d   a n h y d r i d e ,   0 . 0 1   p a r t  
z i n c   f l u o r i d e   and  10  p a r t s   t - b u t a n o l   in  100  p a r t s  

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

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



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

t e m p e r a t u r e   f o r   1  m i n u t e ,   w a s h e d   w i t h   t h e   s o l v e n t  

v a p o r   and  t h e n   c o o l e d   to   room  t e m p e r a t u r e .  

The  s a m p l e s   w e r e   s u b j e c t e d   to   t h e   a b o v e - d e s c r i b e d  

v a r i o u s   t e s t s .   The  r e s u l t s   a r e   i n d i c a t e d   in   T a b l e   4 .  

E x a m p l e   4 

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

in  t h e   same  m a n n e r   as  in   E x a m p l e   3  e x c e p t   t h a t   1 0 0  

p a r t s   m e t h y l e n e   c h l o r i d e   was  u s e d   as  t h e   s o l v e n t .  

The  same  s a m p l e s   w e r e   t r e a t e d   in   t h e   same  m a n n e r .  

The  same  t e s t s   w e r e   c a r r i e d   o u t   and  t h e   r e s u l t s   a r e  

i n d i c a t e d   in   T a b l e   4 .  

E x a m p l e   5 

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

t h e   same  m a n n e r   as  in   E x a m p l e   1  e x c e p t   t h a t   100  p a r t s  

p e r c h l r o e t h y l e n e   was  u s e d   as  t h e   s o l v e n t .   The  s a m e  

s a m p l e s   w e r e   t r e a t e d   in   t h e   same  m a n n e r .   The  s a m e  

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

in  T a b l e   4 .  

E x a m p l e   6 

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

d i s s o l v i n g   15  p a r t s   t - b u t a n o l   and  2  p a r t s   c h r o m i c  

a c i d   a n h y d r i d e   in   100  p a r t s   t r i c h l o r o t r i f l u o r o e t h a n e  

to  f o r m   a  h o m o g e n e o u s   s o l u t i o n .   The  same  t r e a t m e n t  

and  t e s t s   as  in   E x a m p l e   3  w e r e   r e p e a t e d   and  t h e   r e s u l t s  

as  shown  in  T a b l e   4  w e r e   o b t a i n e d .  

E x a m p l e   7 

A  c h r o m a t i n g   t r e a t m e n t   s o l u t i o n   was  p r e p a r e d   by  . 
d i s s o l v i n g   15  p a r t s   t - b u t a n o l ,   2  p a r t s   c h r o m i c   a c i d  

a n h y d r i d e   and  0 . 0 1   p a r t   o x a l i c   a c i d   in   100  p a r t s  

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

The  same  t r e a t m e n t   and  t e s t s   as  in   E x a m p l e   3  w e r e  

r e p e a t e d   and  t h e   r e s u l t s   as  shown  in  T a b l e   4  w e r e  

o b t a i n e d .  

E x a m p l e   8 

In  t h e   same  m a n n e r   as  in  E x a m p l e   7  e x c e p t   t h a t  

0 . 0 1   p a r t   f u m a r i c   a c i d   was  u s e d   i n s t e a d   of   o x a l i c   a c i d .  

I m m e r s i o n   f o r   t h e   r e a c t i o n   was  c a r r i e d   o u t   a t   4 0 ° C  



( b e l o w   b o i l i n g   p o i n t )   and  t h e   r e s u l t s   as  shown  i n  

T a b l e   4  were   o b t a i n e d .  



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

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

of  an  i r o n   m a t e r i a l   by  p r o j e c t i n g   a  b l a s t   m a t e r i a l   w h i c h  

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

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

i r o n - z i n c   a l l o y s   and  an  o u t e r   c r u s t   s u b s t a n t i a l l y  

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

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

c o m p r i s i n g   a  c h r o m i c   a c i d   c o m p o u n d ,   h a l o g e n a t e d   h y d r o -  
c a r b o n   s o l v e n t ,   an  a l c o h o l   s o l u b i l i z e r .  

2.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   1,  w h e r e i n   s a i d  

z i n c   c r u s t   c o n t a i n s   n o t  m o r e   t h a n   5  %  on  t h e   b a s i s   o f  

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

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

s i l i c o n   and  t i n .  

3.  The  p r o c e s s   as  c l a i m e d   in  C l a i m   2,  w h e r e i n   s a i d  

z i n c   c r u s t   c o n t a i n s   3  -   5  %  a l u m i n u m   and  0 . 2  -   1  % 

c o p p e r ,  
4.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   1,  w h e r e i n   t h e  

w e i g h t   r a t i o   of   t h e   i r o n   c o r e   to   t h e   z i n c   c r u s t   i s  

1 0  -   95  %  to   9 0  -   5  %. 

5.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   4,  w h e r e i n   t h e  

w e i g h t   r a t i o   of   t h e   i r o n   c o r e   to   t h e   z i n c   c r u s t   i s  

1 0  -   70  %  to   9 0  -   30  %, 

6.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   5,  w h e r e i n   t h e  

w e i g h t   r a t i o   of  t h e   i r o n   c o r e   to   t h e   z i n c   c r u s t   i s  

1 5  -   65 %  to   8 5  -   35  %. 

7.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   1,  w h e r e i n   t h e  

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

c a r b o n   s o l v e n t .  

8.  The  p r o c e s s   as  c l a i m e d   in  C l a i m   1,  w h e r e i n   t h e  

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

a m o u n t   of  1  -   20  p a r t s   p e r   100  p a r t s   of  t h e   h a l o g e n a t e d  

h y d r o c a r b o n   s o l v e n t .  

9.  The  p r o c e s s   as  c l a i m e d   in  C l a i m   8,  w h e r e i n   t h e  

s o l u b i l i z e r   i s   t e r t i a r y   b u t a n o l ,   or  t e r t i a r y   a m y l  

a l c o h o l .  



10.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   1,  w h e r e i n  

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

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

a c i d   in  an  a m o u n t   of  0 . 0 0 1   p a r t   to   10  p a r t s   p e r   1 0 0  

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

11.  The  p r o c e s s   as  c l a i m e d   in  C l a i m   10,   w h e r e i n  

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

a  g e n e r a l   f o r m u l a   R  (COOH) ,   w h e r e i n   R  i s   a  h y d r o -  

c a r b y l   g r o u p   c o n t a i n i n g   1  -   19  c a r b o n   a t o m s ,   and  n  i s  

an  i n t e g e r   of  1  -   3 .  

12.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   11,  w h e r e i n  

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

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

a c i d ,   o x a l i c   a c i d ,   f u m a r i c   a c i d ,   m a l e i c   a c i d ,   m a l i c  

a c i d   and  a  m i x t u r e   t h e r e o f .  

13.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   12,  w h e r e i n  

t h e   o r g a n i c   a c i d   i s   c o n t a i n e d   in   an  a m o u n t   of   0 . 0 0 3  -  

1  p a r t   p e r   100  p a r t s   of  t h e   h a l o g e n a t e d   h y d r o c a r b o n  

s o l v e n t . .  

14.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   13,  w h e r e i n  

t h e   o r g a n i c   a c i d   i s   c o n t a i n e d   in   an  a m o u n t   of  0 . 0 0 5  -  

0 .5   p a r t   p e r   100  p a r t s   of  t h e   h a l o g e n a t e d   h y d r o c a r b o n  

s o l v e n t .  

15.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   1,  w h e r e i n   t h e  

c h r o m a t i n g   c o m p o s i t i o n   f u r t h e r   c o n t a i n s   h y d r o g e n  
f l u o r i d e   as  a  r e a c t i o n   p r o m o t o r   in  an  a m o u n t   of  0 . 0 0 1  

to  0 . 1 2   p a r t   p e r   100  p a r t s   of   t h e   h a l o g e n a t e d   h y d r o -  

c a r b o n   s o l v e n t .  

16.  The  p r o c e s s   as  c l a i m e d   in  C l a i m   1,  w h e r e i n   t h e  

c h r o m a t i n g   c o m p o s i t i o n   f u r t h e r   c o n t a i n s   w a t e r   as  a  
r e a c t i o n   p r o m o t o r   in   an  a m o u n t   of  0 . 0 0 1   p a r t   p e r   1 0 0  

p a r t s   of  t h e   h a l o g e n a t e d   h y d r o c a r b o n   to   t h e   s o l u b i l i t y  
l i m i t   t h e r e o f   in   t h e   c o m p o s i t i o n .  
17.  The  p r o c e s s . a s   c l a i m e d   in   C l a i m   1,  w h e r e i n   t h e  

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

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

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

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



o x i d e   in  an  a m o u n t   of  0 . 0 0 1  -   5  p a r t s   p e r   100  p a r t s  

of  h a l o g e n a t e d   h y d r o c a r b o n .  

18.  The  p r o c e s s   as  c l a i m e d   in  C l a i m   1,  w h e r e i n  

t h e   s t a b i l i z e r   i s   c o n t a i n e d   in   an  a m o u n t   of  0 . 0 5  -   3 

p a r t s   p e r   100  p a r t s   of   t h e   h a l o g e n a t e d   h y d r o c a r b o n  

s o l v e n t .  

19.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   18,  w h e r e i n  

t h e   s t a b i l i z e r   i s   c o n t a i n e d   in   an  a m o u n t   of  0 . 1  -   2 

p a r t s   p e r   100  p a r t s   of  t h e   h a l o g e n a t e d   h y d r o c a r b o n .  

20.  The  p r o c e s s   as  c l a i m e d   in   C l a i m   1,  w h e r e i n  

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

i s   a  z i n c   a l l o y   c o n t a i n i n g   3  -   5  %  by  w e i g h t   o f  

a l u m i n u m   and  0 . 2  -   1 %  by  w e i g h t   of  c o p p e r ,   t h e  

c h r c m a t i n g   c o m p o s i t i o n   c o n t a i n s   0 . 1  -   8  p a r t s   of  C r 0 3 ,  
5  -   20  p a r t s   of   t e r t i a r y   b u t a n o l   or  t e r t i a r y   a m y l  

a l c o h o l   a n d  0 . 0 0 5  -   0 . 1 2   p a r t s   of  a  c a r b o x y l i c   a c i d  

or  h y d r o g e n   f l u o r i d e   p e r   100  p a r t s   of  c h l o r o f l u o r o c a r b o n  

s o l v e n t .  

21.  T h e . p r o c e s s   as  c l a i m e d   in   C l a i m   1,  w h e r e i n   t h e  

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

i s   a  z i n c   a l l o y   c o n t a i n i n g   3  -   5 %  by  w e i g h t   o f  

a l u m i n u m   and  0 . 2  -   1  %  by  w e i g h t  o f   c o p p e r ,   t h e  

c h r o m a t i n g   c o m p o s i t i o n   c o n t a i n s   0 . 1  -   8  p a r t s   of  C r 0 3 ,  
5  -   20  p a r t s   of  t e r t i a r y   b u t a n o l   or   t e r t i a r y   a m y l  

a l c o h o l   and  0 , 0 0 5  -   0 , 1 2   p a r t   of  a  c a r b o x y l i c   a c i d   o r  

h y d r o g e n   f l u o r i d e ,   0 . 0 5  -   3  p a r t s   of  a  s t a b i l i z e r   p e r  
100  p a r t s   of  a  h a l o g e n a t e d   h y d r o c a r b o n   s o l v e n t .  
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