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@  Organic  coated  steel  strip  having  improved  bake  hardenability  and  method  for  making. 

@  An  organic  coated  steel  strip  having  improved  bake 
hardenability  is  provided  which  comprises  an  extra  low  carbon- 
steel  substrate  having  bake  hardenability,  a  zinc  alloy  layer 
deposited  on  the  substrate  in  a  weight  of  1  0  to  40  g/m2,  a 
chromate  layer  formed  on  the  zinc  alloy  layer  in  a  weight  of  at 
least  10  mg/m2  of  metallic  chromium,  and  an  organic  coating, 
optionally  containing  silica,  attached  to  the  chromate  layer. 
The  coated  strip  is  prepared  by  depositing  a  zinc  alloy  on  an 
extra  low  carbon  steel  substrate,  subjecting  the  substrate  to  a 
chromate  treatment  in  an  aqueous  chromate  solution  contain- 
ing  a  chromate  compound,  a  reducing  agent,  and  an  acid  re- 
sidue,  resin  or  silica,  and  applying  an  organic  coating  on  the 
chromate  layer  and  baking  the  coating  at  a  temperature  of  up 
to  150°C. 

Q. 
I l l  
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TITLE  OF  THE  INVENTION 

O r g a n i c   C o a t e d   S t e e l   S t r i p   H a v i n g   I m p r o v e d  

Bake  H a r d e n a b i l i t y   and  Me thod   f o r   M a k i n g  

BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  c o r r o s i o n   r e s i s t a n t ,   o r g a n i c  

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

d r a w a b i l i t y   and  f i n d i n g   a p p l i c a t i o n   in  a u t o m o b i l e s .  

As  o f t e n   e n c o u n t e r e d   in   t h e   m a n u f a c t u r e   o f  

a u t o m o b i l e s ,   s t r i p   s t e e l   is   p r e s s e d   f o r m e d   to   a  d e s i r e d  

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

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

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

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

U s u a l l y ,   t h e   b a k e   h a r d e n a b i l i t y   of  s t r i p   s t e e l   i s   e v a l u a t e d  

in  t e r m s   of  an  i n c r e a s e   'of  y i e l d   s t r e n g t h   by  b a k i n g   a  2% 

p r e - s t r e s s e d ,   s t e e l   s t r i p   a t   170°C  f o r   20  m i n u t e s   a n d  

m e a s u r i n g   t h e   y i e l d   s t r e n g t h .  

In  t h e s e   y e a r s ,   t h e r e   e x i s t s   a  g r e a t e r   d e m a n d   f o r  

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

s t r i p   s t e e l .   A  n u m b e r   of  r u s t - p r e v e n t i v e   s t e e l   s t r i p s   h a v e  

b e e n   p r o p o s e d   to   m e e t   s u c h   a  demand   and  many  of  them  a r e  

s u c c e s s f u l l y   u s e d .   T h e s e   r u s t -   or  c o r r o s i o n - p r e v e n t i v e  

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

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

e l e c t r o p l a t e d ,   and  z i n c   r i c h   p a i n t e d ,   t y p i c a l l y   o r g a n i c   z i n c  

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

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

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

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

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

For   e n e r g y   s a v i n g   and  d r i v a b i l i t y   i m p r o v e m e n t ,   a n  

i n c r e a s i n g   a m o u n t   of  h i g h   t e n s i l e   s t r i p   s t e e l   has   b e e n   u s e d  
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in  t h e   m a n u f a c t u r e   of  a u t o m o b i l e s .   To  c o m p e n s a t e   f o r   t h e  

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

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

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

5  d u r i n g   p a i n t   b a k i n g .   A l s o   in   common  d r a w i n g   s t e e l   s t r i p s ,  

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

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

a r e   u s e d   as  a u t o m o b i l e   o u t e r   p l a t e s .   S t e e l   s t r i p s   a r e   t h u s  

d e s i r e d   to   h a v e   b o t h   d e e p   d r a w a b i l i t y   and  b a k e  

1  0  h a r   d e n a b i   1  i  t y   . 
T h u s ,   t h e r e   i s   a  n e e d   f o r   c o r r o s i o n - p r e v e n t i v e   s t e e l  

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

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

s a f e t y   and   r i g i d i t y .  

15  One  c o n v e n t i o n a l   c o m m e r c i a l l y   a v a i l a b l e   s t e e l   m e e t i n g  

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

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

i s   a p p l i e d   to   a  z i n c   or   z i n c   a l l o y   p l a t e d   s t e e l   s t r i p .   T h e  

o r g a n i c   c o a t i n g   on  t h e   s t e e l   m u s t   be  b a k e d   a t   a  t e m p e r a t u r e  
20  of  h i g h e r   t h a n   150°C   in   o r d e r   to   c o n v e r t   i t   i n t o   a  h a r d e n e d  

o n e .   -  Thus   t h e   o r g a n i c   c o a t e d   s t e e l   s t r i p   has   b e e n   h a r d e n e d  

p r i o r   to   p r e s s   f o r m i n g   and  i s   t h u s   n o t   a m e n a b l e   to   d r a w i n g .  
More  p a r t i c u l a r l y ,   some  of  c o n v e n t i o n a l   a u t o m o t i v e  

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

25  t r a d e m a r k   of  Z i n c r o m e t a l   ( D i a m o n d   S h a m r o c k )   as  d i s c l o s e d   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   Nos .   4 7 - 6 8 8 2 ,   5 2 - 9 0 4 ,   and  5 3 -  

44887  and  some  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   A p p l i c a t i o n  
K o k a i   Nos .   5 7 - 1 8 9 8 4 2 ,   6 0 - 1 7 4 8 7 9 ,   6 0 - 8 6 2 8 1 ,   and  6 0 - 1 0 5 5 3 5 .  

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

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

e x c e s s   of  1 5 0 ° C   in   o r d e r   to   c o n v e r t   t h e   o r g a n i c   c o a t i n g   i n t o  

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

t h e m s e l v e s   c o u l d   n o t   be  b e n e f i c i a l l y   u t i l i z e d .  
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SUMMARY  OF  THE  INVENTION 

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

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

bake   h a r d e n a b i l i t y   and  good  w o r k a b i l i t y   e v e n   a f t e r   b a k i n g   o f  

5  t h e   o r g a n i c   c o a t i n g .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

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

A  f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  m e t h o d   f o r   m a k i n g   an  o r g a n i c   c o a t e d   s t e e l   s t r i p  
10  h a v i n g   i m p r o v e d   b a k e   h a r d e n a b i l i t y   and  c a p a b l e   o f  

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

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

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

15  A c c o r d i n g   to   one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n ,  
t h e r e   i s   p r o v i d e d   an  o r g a n i c   c o a t e d   s t e e l   s t r i p   h a v i n g  

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

an  e x t r a   low  c a r b o n   s t e e l   s u b s t r a t e   h a v i n g   b a k e  

h a r d e n a b i l i t y   , 
20  a  l a y e r   of  a  z i n c   b a s e   a l l o y   d e p o s i t e d   on  one  s u r f a c e  

of  s a i d   s u b s t r a t e   in   a  w e i g h t   of  10  to   40  g/m  , 
a  c h r o m a t e   l a y e r   f o r m e d   on  s a i d   z i n c   b a s e   a l l o y   l a y e r  

2 in  a  w e i g h t   of  a t   l e a s t   1  0  mg/m  c a l c u l a t e d   as  m e t a l l i c  

c h r o m i u m ,   a n d  

25  an  o r g a n i c   c o a t i n g   a t t a c h e d   to   s a i d   c h r o m a t e   l a y e r   b y  
b a k i n g   a t   a  t e m p e r a t u r e   of  up  to   1 5 0 ° C .  

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

A c c o r d i n g   to   a n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n ,  
30  t h e r e   i s   p r o v i d e d   a  m e t h o d   f o r   m a k i n g   an  o r g a n i c   c o a t e d  

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

p r e p a r i n g   an  e x t r a   low  c a r b o n   s t e e l   s u b s t r a t e   h a v i n g  
bake   h a r d e n a b i l i t y ,  
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4 

d e p o s i t i n g   a  l a y e r   of  a  z i n c   b a s e   a l l o y   on  one  s u r f a c e  
2 

of  t h e   s u b s t r a t e   in   a  w e i g h t   of  10  to   40  g/m  , 

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

fo rm  a  c h r o m a t e   l a y e r   on  t h e   z i n c   b a s e   a l l o y   l a y e r   in   a  
2 

w e i g h t   of  a t   l e a s t   10  mg/m  c a l c u l a t e d   as  m e t a l l i c   c h r o m i u m ,  

a n d  

a p p l y i n g   an  o r g a n i c   c o a t i n g   on  t h e   c h r o m a t e   l a y e r   a n d  

b a k i n g   t h e   c o a t i n g   a t   a  t e m p e r a t u r e   of  up  to   1 5 0 ° C .  

The  c h r o m a t e   t r e a t m e n t   i s   c o n d u c t e d   u s i n g   an  a q u e o u s  

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

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

r e s i n s   and  s i l i c a .  
T 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  o r d e r   t h a t   t h o s e   s k i l l e d   in   t h e   a r t   w i l l   r e a d i l y  

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

f o l l o w i n g   d e s c r i p t i o n   i s   made  w i t h   r e f e r e n c e   to   t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h :  

FIG.   1  i s   a  d i a g r a m   s h o w i n g   a  s t a b l e   c h r o m i u m   f i x i n g  

r e g i o n   in   r e l a t i o n   to   b a k i n g   t e m p e r a t u r e   and  C r 6 + / C r 3 + ;  

FIG.   2  i s   a  d i a g r a m   s h o w i n g   a  c h r o m i u m   f i x i n g  

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

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

FIG.   3  i s   a  d i a g r a m   s h o w i n g   a  c h r o m i u m   f i x i n g  

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

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

F IG.   4  i s   a  d i a g r a m   s h o w i n g   a  c h r o m i u m   f i x i n g  

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

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

FIG.   5  i s   a  d i a g r a m   s h o w i n g   a  c h r o m i u m   f i x i n g  

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

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

FIG.   6  i s   a  d i a g r a m   s h o w i n g   t h e   b a k e   h a r d e n a b i l i t y  

e x p r e s s e d   in   BH  v a l u e   of  s t e e l   s t r i p   as  a  f u n c t i o n   of  t h e  

b a k i n g   t e m p e r a t u r e   of  o g n a n i c   c o a t i n g .  
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DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

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

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

5  p r e p a r e d   by  p r e p a r i n g   a  d r a w i n g   e x t r a   low  c a r b o n   s t e e l  

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

z i n c   b a s e   a l l o y   on  one  s u r f a c e   of  t h e   s u b s t r a t e ,   s u b j e c t i n g  

s a i d   s u b s t r a t e   to   a  c h r o m a t e   t r e a t m e n t   to   fo rm  a  c h r o m a t e  

l a y e r   on  t h e   z i n c   b a s e   a l l o y   l a y e r ,   and  a p p l y i n g   an  o r g a n i c  

1  o  c o a t i n g   on  t h e   c h r o m a t e   l a y e r   and  b a k i n g   t h e   c o a t i n g   a t   a  

t e m p e r a t u r e   of  up  to   1 5 0 ° C .  

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

p a i n t e d   s t e e l   s t r i p s   mus t   be  b a k e d   a t   a  t e m p e r a t u r e   i n  

e x c e s s   of  150°C  in   o r d e r   to   c o n v e r t   t h e   o r g a n i c   c o a t i n g   i n t o  

15  h a r d e n e d   o n e .   The  r e a s o n   i s   t h a t   in  c a s e   of  Z i n c r o m e t a l f y  

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

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

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

s u b s t r a t e .   The  u s e   of  a  h i g h - b o i l i n g   s o l v e n t   to   d i s s o l v e   a  

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

a t   a  t e m p e r a t u r e   of  h i g h e r   t h a n   1 5 0 ° C .  

A  s i m i l a r   r e q u i r e m e n t   i s   i m p o s e d   on  p l a t e d   s t e e l  

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

s t e e l   s t r i p s   as  d i s c l o s e d   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n  

25  Koka i   No.  5 7 - 1 8 9 8 4 2 .   T h a t   i s ,   b a k i n g   of  t h e   o r g a n i c   c o a t i n g  

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

r o l l e d   s t e e l   m e n t i o n e d   a b o v e .  

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

o t h e r   t h a n   t h e   z i n c   r i c h   p a i n t   a r e   b a k e d   a t   a  h i g h  

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

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

a d d e d   in   t h e   s t a t e   of  t h e   a r t .  

For   a l l   t h e s e   c o n v e n t i o n a l   o r g a n i c   c o a t i n g s ,   i t   i s   n o t  

c o n t e m p l a t e d   to   t a k e   a d v a n t a g e   of  t h e   b a k e   h a r d e n a b i l i t y   o f  
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s t r i p   s t e e l   as  d o n e   in   t h e   p r e s e n t   i n v e n t i o n .   T h e r e f o r e ,  

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

In  o r d e r   to   t a k e   a d v a n t a g e   of  t h e   b a k e   h a r d e n a b i l i t y  

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

a v a i l a b l e   w i t h   c o n v e n t i o n a l   c o a t i n g s ,   we  h a v e   i n v e s t i g a t e d  

t h e   o r g a n i c   c o a t i n g   w h i c h   can   e x h i b i t   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   e v e n   when  b a k e d   a t   a  t e m p e r a t u r e   of  150°C  o r  

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

of  e x t r a   low  c a r b o n   s t e e l   h a v i n g   b a k e   h a r d e n a b i l i t y   b y  

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

c o a t i n g   by  a  b a k i n g   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  up  t o  

150°C  so  as  n o t   to   l o s e   t h e   i n h e r e n t   b a k e   h a r d e n a b i l i t y ,  

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

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

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

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

w e l d a b i l i t y   e q u a l   or   s u p e r i o r   to   t h o s e   of  c o n v e n t i o n a l  

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

s t r i p s .  

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

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

c o m p r i s i n g   an  e x t r a   low  c a r b o n   s t e e l   s u b s t r a t e   h a v i n g   b a k e  

h a r d e n a b i l i t y ,   a  l a y e r   of  a  z i n c   b a s e   a l l o y   d e p o s i t e d   on  o n e  
2 s u r f a c e   of  s a i d   s u b s t r a t e   in   a  w e i g h t   of  10  to   40  g/m  ,  a  

c h r o m a t e   l a y e r   f o r m e d   on  s a i d   z i n c   b a s e   a l l o y   l a y e r   in   a  
2 

w e i g h t   of  a t   l e a s t   10  mg/m  c a l c u l a t e d   as  m e t a l l i c   c h r o m i u m ,  

and  an  o r g a n i c   c o a t i n g ,   o p t i o n a l l y   c o n t a i n i n g   s i l i c a ,  

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

of  up  to   1 5 0 ° C .  

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

w h i c h   t h e   o r g a n i c   c o a t i n g   i s   b a k e d   i s   l i m i t e d   to   150°C  o r  
l o w e r   in  o r d e r   to   m a i n t a i n   t h e   b a k e   h a r d e n a b i l i t y .   T h e  

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

e x p e r i m e n t s   . 
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The  s t a r t i n g   s t e e l   was  an  e x t r a   low  c a r b o n   s t e e l  

c o n s i s t i n g   o f ,   in  p e r c e n t a g e   by  w e i g h t ,   0 .003%  C,  0 .01%  S i ,  

0.16%  Mn,  0 .04%  Al ,   0 .070%  P,  0 .026%  Nb  and  b a l a n c e  

e s s e n t i a l l y   Fe.   The  s t r i p   s t e e l   was  c o l d   r o l l e d   a t   a  d r a f t  

5  of  8  0%  to  a  t h i c k n e s s   of  0 .7   mm,  h e a t   t r e a t e d   by  s o a k i n g   a t  

850  °C  f o r   30  s e c o n d s   and  c o o l e d   to   650  °C  a t   a  r a t e   o f  

4 5 ° C / s e c .   in  a  c o n t i n u o u s   a n n e a l i n g   f u r n a c e ,   and  t h e n   s k i n  

p a s s   r o l l e d   a t   a  d r a f t   of  1 .0%.   The  r e s u l t i n g   e x t r a   l o w  

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

10  f o r   m e c h a n i c a l   p r o p e r t i e s ,   e x h i b i t i n g   a  y i e l d   s t r e n g t h   (YS)  
2  2 

of  20  kg f /mm  ,  a  t e n s i l e   s t r e n g t h   (TS)  of  35  k g f / m m   ,  a n  

e l o n g a t i o n   ( E l )   of  45%,  and  a  b a k e   h a r d e n a b i l i t y   (BH)  of  5 
2 kgf /mm  .  As  p r e v i o u s l y   d e f i n e d ,   BH  i s   e q u a l   to   YS  of  b a k e d  

s t r i p   m i n u s   YS  of  i n i t i a l   s t r i p .  

15  An  o r g a n i c   c o a t i n g   was  a p p l i e d   to   t h e   s t e e l   s t r i p   a n d  

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

h a r d e n a b i l i t y   of  t h e   b a k e d   s t e e l   s t r i p   i s   shown  in   FIG.   6  a s  

a  f u n c t i o n   of  t h e   b a k i n g   t e m p e r a t u r e .   As  s e e n   f r o m   t h e  

c u r v e   in   FIG.   6,  t h e   s t e e l   s t r i p   e x p e r i e n c e s   a  s u d d e n   d r o p  
20  in  BH  v a l u e   when  t h e   b a k i n g   t e m p e r a t u r e   e x c e e d s   1 5 0 ° C ,  

l o s i n g   t h e   i n h e r e n t   b a k e   h a r d e n a b i l i t y .  

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

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

25  p e r c e n t a g e   by  w e i g h t ,   0 .001   to   0 .008%  of  C,  up  to   0.5%  o f  

S i ,   0 . 0 5   to   1.2%  of  Mn,  up  to   0.1%  of  P,  0.01  to   0 .08%  o f  

Al ,   t h e   a l u m i n u m   b e i n g   a t   l e a s t   8  t i m e s   t h e   p e r c e n t   N,  f r o m  

3  t i m e s   t h e   p e r c e n t   C  to   8  t i m e s   t h e   p e r c e n t   C  p l u s   0 .02%  o f  

Nb,  up  to  0 .05%  of  T i ,   and  b a l a n c e   e s s e n t i a l l y   Fe ,   t h e  

3  0  s t r i p s   b e i n g   c o n t i n u o u s l y   a n n e a l e d   to   h a v e   a  BH  v a l u e   of  3 
2 to  6  kg f /mm  .  The  e x t r a   low  c a r b o n   s t e e l   m a t e r i a l s   u n d e r g o  

l i t t l e   h a r d e n i n g   d u r i n g   m i l d   b a k i n g   a t   t e m p e r a t u r e s   of  1 5 0 ° C  

or  l o w e r   so  t h a t   t h e y   m a i n t a i n   t h e i r   own  b a k e   h a r d e n a b i l i t y .  

A l t h o u g h   t h e   r e a s o n   is   n o t   e x a c t l y   u n d e r s t o o d ,   i t   i s  

35  e x p e c t e d   t h a t   b a k e   h a r d e n a b l e   s t e e l   s t r i p s   of  e x t r a   l o w  



0 2 3 0 3 2 0  

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

d i s t r i b u t i o n   of  C  in   s o l i d   s o l u t i o n   f o rm  w i t h i n   g r a i n s   e v e n  

t h o u g h   b o t h   h a v e   t h e   same  a p p a r e n t   BH  v a l u e .  

In   t h e   e x t r a   low  c a r b o n   s t e e l s   p r e v i o u s l y   d e f i n e d   a s  

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

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

to   c e r t a i n   r a n g e s .  

C a r b o n ,   C  p r e f e r a b l y   r a n g e s   f r o m   0 .001   to   0 . 0 0 8   w t % .  

C o n t e n t s   of  l e s s   t h a n   0 .001   wt%  l e a d   to   t h e   l o s s   of  t h e  

1  0  s o l i d   s o l u t i o n   c a r b o n   c o n t r i b u t i n g   to   b a k e   h a r d e n i n g .  

S t e e l s   h a v i n g   more   t h a n   0 . 0 0 8   wt%  of  c a r b o n   e x h i b i t   t o o   h i g h  

y i e l d   s t r e n g t h   and  low  d u c t i l i t y   and   r  v a l u e   ( L a n k f o r d  

v a l u e )   . 
S i l i c o n ,   Si  p r e f e r a b l y   r a n g e s   up  to   0 .5   wt%.  I n  

15  e x c e s s   of  0 .5   wt%,  an  o x i d e   f i l m   w i l l   f o r m   to  d e t r a c t   f r o m  

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

M a n g a n e s e ,   Mn  p r e f e r a b l y   r a n g e s   f r o m   0 . 0 5   to   1 .2   w t % .  

Red  s h o r t n e s s   d i m i n i s h e s   a t   l e s s   t h a n   0 . 0 5   wt%  w h e r e a s   r  

v a l u e   i s   r e d u c e d   in   e x c e s s   of  1 . 2   w t % .  

20  P h o s p h o r u s ,   P  p r e f e r a b l y   r a n g e s   up  to   0.1  wt%.  S t e e l  

b e c o m e s   b r i t t l e   w i t h   P  c o n t e n t s   in   e x c e s s   of  0.1  w t % .  

A l u m i n u m ,   Al  p r e f e r a b l y   r a n g e s   f r o m   0.01  to   0 . 0 8   wt% 

and  a t   l e a s t   8  t i m e s   t h e   p e r c e n t   N.  At  l e a s t   0 .01  wt%  of  A l  

i s   n e c e s s a r y   to   f i x   n i t r o g e n .   Al  c o n t e n t s   of  more   t h a n   0 . 0 8  

25  wt%  u n d e s i r a b l y   g e n e r a t e   many  i n c l u s i o n s .   The  f u n c t i o n   o f  

Al  t o   f i x   n i t r o g e n   p r o v i d e s   t h e   a d d i t i o n a l   r e q u i r e m e n t   t h a t  

i t s   c o n t e n t   be  a t   l e a s t   8  t i m e s   t h e   p e r c e n t   N.  

N i o b i u m ,   Nb  p r e f e r a b l y   r a n g e s   f r o m   3  t i m e s   t h e   p e r c e n t  

C  t o   8  t i m e s   t h e   p e r c e n t   C  p l u s   0 . 0 2 % .   B e l o w   t h e   l o w e r  

30  l i m i t   of  3  t i m e s   t h e   p e r c e n t   C,  a  t o o   l a r g e r   a m o u n t   of  s o l i d  

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

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

r o l l i n g   r e c r y s t a l l i z a t i o n .   D u c t i l i t y   i s   i m p a i r e d   in  e x c e s s  

of  8  t i m e s   t h e   p e r c e n t   C  p l u s   0 . 0 2 % .  
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T i t a n i u m ,   Ti  p r e f e r a b l y   r a n g e s   up  to   0 . 0 5   wt%  b e c a u s e  

t h e   b a k e   h a r d e n a b i l i t y   of  s t e e l   is   l o s t   in   e x c e s s   of  t h i s  

.  l i m i t .  

The  s t e e l   s t r i p s   a r e   p r e f e r a b l y   c o n t r o l l e d   to   a  BH 
7  2 

5  v a l u e   of  3  to   6  k g f / m m   .  A  v a l u e   of  l e s s   t h a n   3  k g f / m m   i s  

a  s u b s t a n t i a l   l o s s   of  b a k e   h a r d e n a b i l i t y .   S t e e l s   h a v i n g   BH 
9 

v a l u e s   in  e x c e s s   of  6  kg f /mm  u n d e r g o   s e v e r e   d e t e r i o r a t i o n  

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

The  e x t r a   low  c a r b o n   s t e e l   s t r i p s   a r e   p l a t e d   w i t h   z i n c  

10  b a s e d   a l l o y s   by  any  known  d e p o s i t i o n   t e c h n i q u e s ,   t y p i c a l  

e l e c t r o d e p o s i t i o n .   Some  n o n - l i m i t i n g   e x a m p l e s   of  t h e   z i n c  

b a s e   a l l o y   p l a t i n g s   i n c l u d e   Zn-Ni   a l l o y   p l a t i n g s   p r e f e r a b l y  

h a v i n g   a  n i c k e l   c o n t e n t   of  5  to   1  3  wt%;  Z n - F e   a l l o y   p l a t i n g  

p r e f e r a b l y   h a v i n g   an  i r o n   c o n t e n t   of  8  to   25  wt%;  Z n - C o -  

15  A l 2 0 3 - C r 2 0 3   a l l o y   p l a t i n g s   p r e f e r a b l y   h a v i n g   a  c o b a l t  

c o n t e n t   of  1  to   5  wt%;  Zn-Al   a l l o y   p l a t i n g s   p r e f e r a b l y  

h a v i n g   an  a l u m i n u m   c o n t e n t   of  1  to  1  5  wt%;  Z n - N i / F e - P  

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

c o n t e n t   of  0 . 0 0 0 3   to   5%  by  w e i g h t   b a s e d   on  t h e   w e i g h t   of  F e -  

20  P;  Z n - F e / F e - P   d o u b l e - l a y e r e d   a l l o y   p l a t i n g s   p r e f e r a b l y  

h a v i n g   a  p h o s p h o r u s   c o n t e n t   of  0 . 0 0 0 3   to   5%  by  w e i g h t   b a s e d  

on  t h e   w e i g h t   of  F e - P .   T h e s e   z i n c   b a s e   a l l o y   p l a t i n g s   w h i c h  

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

c o n v e n t i o n a l   p u r e   z i n c   p l a t i n g   a r e   e f f e c t i v e   in   a c h i e v i n g  

25  t h e   o b j e c t s   of  t h e   p r e s e n t   i n v e n t i o n .   The  a m o u n t   of  z i n c  

a l l o y   p l a t e d ,   t h a t   i s ,   p l a t i n g   w e i g h t   s h o u l d   r a n g e   f r o m   10  
2 

to  40  gram  p e r   s q u a r e   m e t e r   (g/m  ).  C o r r o s i o n   r e s i s t a n c e   i s  
2 

i n s u f f i c i e n t   w i t h   l e s s   t h a n   10  g/m  w h e r e a s   p l a t i n g   w e i g h t s  
2 in  e x c e s s   of  40  g/m  p r o v i d e   no  a d d i t i o n a l   b e n e f i t   i n  

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

In  t h e   a b o v e - l i s t e d   z i n c   b a s e   a l l o y s ,   t h e   c o n t e n t s   o f  

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

r a n g e s   . 
The  Z n - N i   a l l o y s   p r e f e r a b l y   h a v e   a  n i c k e l   c o n t e n t   of  5 

35  to   1  3  wt%.  L e s s   t h a n   5  wt%  of  Ni  p r o v i d e s   i n s u f f i c i e n t  



0 2 3 0 3 2 0  

10 

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

13  wt%  of  Ni  i s   t o o   h a r d .  

The  Z n - F e   a l l o y s   p r e f e r a b l y   h a v e   an  i r o n   c o n t e n t   of  8 

to   25  wt%.  L e s s   t h a n   8  wt%  of  Fe  p r o v i d e s   i n s u f f i c i e n t  

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

e x c e s s   of  25  wt%  of  F e .  

The  Z n - C o - A l 2 0 3 - C r 2 0 3   a l l o y s   p r e f e r a b l y   h a v e   a  c o b a l t  

c o n t e n t   of  1  to   5  wt%.  L e s s   t h a n   1  wt%  of  Co  p r o v i d e s  

i n 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   w h e r e a s   more   t h a n   5  wt%  o f  

10  Co  i s   u n e c o n o m i c a l .  

The  Z n - A l   a l l o y s   p r e f e r a b l y   h a v e   an  a l u m i n u m   c o n t e n t  

of  1  to   15  wt%.  L e s s   t h a n   1  wt%  of  Al  p r o v i d e s   i n 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   w h e r e a s   s a c r i f i c i a l   c o r r o s i o n  

p r e v e n t i o n   i s   l o s t   in   e x c e s s   of  1  5  wt%  of  A l .  

15  The  F e - P   a l l o y s   f o r   t h e   d o u b l e - l a y e r e d   Z n - N i / F e - P   a n d  

Z n - F e / F e - P   p l a t i n g s   p r e f e r a b l y   h a v e   a  p h o s p h o r u s   c o n t e n t   o f  

0 . 0 0 0 3   to   5%  by  w e i g h t   b a s e d   on  t h e   w e i g h t   of  F e - P .  

P l a t i n g s   h a v i n g   l e s s   t h a n   0 . 0 0 0 3   wt%  of  P  a r e   l e s s  

s u s c e p t i b l e   to   c h e m i c a l   c o n v e r s i o n .   More  t h a n   5  wt%  of  P  i s  

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

p l a t i n g   p r o c e s s .  
The  z i n c   b a s e   a l l o y   p l a t i n g s   a r e   s u b j e c t e d   to   a  

c h r o m a t e   t r e a t m e n t   in   o r d e r   to   i m p r o v e   t h e i r   a d h e r e n c e   t o  

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

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

t r e a t m e n t   i s   c a r r i e d   o u t   to   p r o d u c e   a  c h r o m a t e   f i l m   of  a t  
2 l e a s t   10  mg/m  of  m e t a l l i c   c h r o m i u m .   E i t h e r   c o a t i n g   o r  

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

c o n t r o l l i n g   t h e   a m o u n t   of  c h r o m a t e   f i l m   to  s u c h   a  l e v e l .  
2 30  C h r o m a t e   f i l m s   of  l e s s   t h a n   10  mg/m  of  m e t a l l i c   c h r o m i u m  

h a v e   i n 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   and  p o o r   a d h e r e n c e   t o  

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

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

o r g a n i c   c o a t i n g   w h i c h   i s   b a k e d   a t   a  t e m p e r a t u r e   of  up  t o  
35  150°C  and  a s s i s t s   in   i m p r o v i n g   c o r r o s i o n   p r e v e n t i o n .   T h e '  
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o r g a n i c   c o a t i n g   c o m p o s i t i o n s   u s e d   in  t h e   p r a c t i c e   of  t h e  

p r e s e n t   i n v e n t i o n   c o n t a i n   as  a  main   i n g r e d i e n t ,   a  r e s i n  

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

(1)  w a t e r   d i s p e r s i b l e   r e s i n s   i n c l u d i n g   a c r y l i c ,  

5  p o l y e t h y l e n e ,   e p o x y ,   and  a l k y d   r e s i n s   and  m o d i f i e d   o n e s  

t h e r e o f   ; 

(2)  .  s o l v e n t   t y p e   r e s i n s   i n c l u d i n g   e p o x y   and   p o l y e s t e r  

r e s i n s   and  m o d i f i e d   o n e s   t h e r e o f ;   a n d  

(3)  UV-  or  e l e c t r o n   r a d i a t i o n - c u r a b l e   r e s i n s   s u c h   a s  

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

a l o n e   or  a  m i x t u r e   t h e r e o f .  

When  r e s i n   (1)  or  (2)  l i s t e d   a b o v e   i s   u s e d ,   t h e r e   a r e  

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

t h e   r e s i n   by  a  h e a t   t r e a t m e n t   a t   a  low  t e m p e r a t u r e   of  up  t o  

15  1 5 0 ° C ,   f o r   e x a m p l e ,   t h e   use   of  low  t e m p e r a t u r e   c u r i n g  

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

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

a g e n t s   s u c h   as  d i e t h y l e n e   t r i a m i n e .   W i t h   t h e s e   c u r i n g  

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

20  t e m p e r a t u r e .   An  o r g a n i c   c o a t i n g   may  be  more  r e a d i l y   f o r m e d  

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

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

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

m e l a m i n e   r e s i n s ,   b e n z o g u a n a m i n e   r e s i n s ,   b l o c k   i s o c y a n a t e  

25  r e s i n s ,   and  p h e n o l   r e s i n s .  

Known  e x a m p l e s   of  UV-  or  e l e c t r o n   r a d i a t i o n - c u r a b l e  

r e s i n s   (3)  a r e   a c r y l i c   r e s i n   c o a t i n g s   u t i l i z i n g   a  b e n z o i n  

e t h e r   as  a  p h o t o p o l y m e r i z a t i o n   i n i t i a t o r   and  e p o x y   r e s i n  

c o a t i n g s   u t i l i z i n g   an  a r o m a t i c   d i a z o n i u m   s a l t   as  a  

30  p h o t o p o l y m e r i z a t i o n   i n i t i a t o r .   E x e m p l a r y   of  t h e   r e s i n s -  

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

may  be  g i v e n   a c r y l i c   and  e p o x y   r e s i n s   u t i l i z i n g   e p o x y - a c i d  

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

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

35  (3)  can  a d v a n t a g e o u s l y   m a i n t a i n   t h e   b a k e   h a r d e n a b i l i t y   o f  
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:he  s t e e l   s u b s t r a t e   s u b s t a n t i a l l y   u n c h a n g e d   b e c a u s e   t h e y   c a n  

je  b a k e d   a t   t e m p e r a t u r e s   of  s e v e r a l   t e n   d e g r e e   i n  

C e n t i g r a d e   . 
The  r e s i n o u s   c o a t i n g   c o m p o s i t i o n   of  any  of  r e s i n s   (1  ) 

-o  (3)  i s   a p p l i e d   to   t h e   c h r o m a t e   l a y e r   to   a  t h i c k n e s s   o f  

D.5  to   3  urn.  O r g a n i c   c o a t i n g s   of  l e s s   t h a n   0 .5   urn  t h i c k  

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

3  urn  t h i c k n e s s   a d v e r s e l y   a f f e c t s   w e l d a b i l i t y .  

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

up  to   60%  by  w e i g h t   of  s i l i c a   s o l   f o r   t h e   p u r p o s e   o f  

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

c o n t a i n i n g   more   t h a n   60%  by  w e i g h t   of  s i l i c a   s o l   a r e   t o o  

v i s c o u s   and  t e n d   to   g e l .  

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

i m p r o v e d   r u s t - p r e v e n t i v e   s t e e l   s t r i p s .   As  p r e v i o u s l y  

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

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

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

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

( o r g a n i c   c o a t e d   s t e e l )   -  a s s e m b l y   -  a l k a l i n e   d e g r e a s i n g   -  

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

i n t e r m e d i a t e   c o a t i n g   -  t o p   c o a t i n g .   S i n c e   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 e   and  r e s i n   f i l m s   a r e   b a k e d   i s  

c o n t r o l l e d   r e l a t i v e l y   low  to  m a i n t a i n   b a k e   h a r d e n a b i l i t y  

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

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

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

a l k a l i n e   d e g r e a s i n g   and  c h e m i c a l   c o n v e r s i o n ,   i m p o s i n g   a  

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

We  h a v e   f o u n d   t h a t   in   a l k a l i n e   d e g r e a s i n g   of  a n  

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

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

and  an  o r g a n i c   c o a t i n g   t r e a t m e n t ,   t h e   c h r o m i u m   can   b e  
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d i s s o l v e d   o u t   so  t h a t   t h e   d e g r e a s e d   s t e e l   s t r i p   has   o n l y   a  

m a r k e d l y   r e d u c e d   a m o u n t   of  c h r o m a t e   a t t a c h e d   t h e r e t o .  

To  o v e r c o m e   t h i s   d r a w b a c k ,   we  h a v e   s t u d i e d   t h e  

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

5  t h e   c h r o m a t e   s o l u t i o n ,   and  a r r i v e d   a t   t h e   m e t h o d   of  t h e  

p r e s e n t   i n v e n t i o n .  

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

o t h e r   a s p e c t   p r o v i d e s   a  m e t h o d   f o r   m a k i n g   an  o r g a n i c   c o a t e d  

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

10  t h e   s t e p s   o f :  

p r e p a r i n g   an  e x t r a   low  c a r b o n   s t e e l   s u b s t r a t e   h a v i n g  

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

d e p o s i t i n g   a  l a y e r   of  a  z i n c   b a s e   a l l o y   on  one  s u r f a c e  
2 

of  t h e   s u b s t r a t e ,   p r e f e r a b l y   in   a  w e i g h t   of  10  to   40  g/m  , 
15  s u b j e c t i n g   s a i d   s u b s t r a t e   to   a  c h r o m a t e   t r e a t m e n t   t o  

fo rm  a  c h r o m a t e   l a y e r   on  t h e   z i n c   b a s e   a l l o y   l a y e r ,  
2 

p r e f e r a b l y   in   a  w e i g h t   of  a t   l e a s t   1  0  mg/m  c a l c u l a t e d   a s  

m e t a l l i c   c h r o m i u m ,   t h e   c h r o m a t e   t r e a t m e n t   u s i n g   an  a q u e o u s  

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

20  a g e n t ,   and  a t   l e a s t   one  member   s e l e c t e d   f rom  a c i d   r e s i d u e s ,  

r e s i n s   and  s i l i c a ,   a n d  

a p p l y i n g   an  o r g a n i c   c o a t i n g   on  t h e   c h r o m a t e   l a y e r   a n d  

b a k i n g   t h e   c o a t i n g   a t   a  t e m p e r a t u r e   of  up  to   1 5 0 ° C .  

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

25  of  t h e   p r e s e n t   i n v e n t i o n   e x p e r i e n c e   c o n t r o l l e d   d i s s o l v i n g  

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

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

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

The  c h r o m a t e   t r e a t m e n t   w i l l   be  d e s c r i b e d   in   m o r e  
30  d e t a i l .   We  h a v e   made  an  e x p e r i m e n t   to  e x a m i n e   t h e  

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

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

p r o c e s s .   The  s t a r t i n g   s t e e l   s t r i p   i s   an  e x t r a   low  c a r b o n  

s t e e l   c o n s i s t i n g   o f ,   in  p e r c e n t a g e   by  w e i g h t ,   0 . 003%  C ,  
35  0 .01%  S i ,   0 .16%  Mn,  0.04%  Al ,   0 .070%  P,  0 .026%  Nb,  a n d  
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b a l a n c e   e s s e n t i a l l y   Fe .   A  z i n c   b a s e   a l l o y ,   t y p i c a l l y   Z n - N i  

a l l o y   was  p l a t e d   on  t h e   s t r i p   in   a  p l a t i n g   w e i g h t   of  10  t o  

40  g / m 2 ,   a  c h r o m a t e   s o l u t i o n   h a v i n g   a  r a t i o   of  h e x a v a l e n t   t o  

t r i v a l e n t   c h r o m i u m   ( C r 6 + / C r 3 + )   of  f rom  8 0 / 2 0   to   2 0 / 8 0   w a s  

5  a p p l i e d   and  b a k e d   to   t h e   z i n c   b a s e   p l a t i n g ,   and  t h e n   a  r e s i n  

in   w a t e r   or   s o l v e n t ,   t y p i c a l l y   e p o x y   r e s i n   was  a p p l i e d   a n d  

b a k e d   to   t h e   c h r o m a t e   f i l m .   I t   i s   to   be  n o t e d   t h a t   t h e  

r a t i o   of  C r 6 + / C r 3 +   was  m e a s u r e d   by  t h e   r e d o x   t i t r a t i o n  

t e c h n i q u e .   The  maximum  t e m p e r a t u r e   to   w h i c h   t h e   s t r i p   w a s  

0  h e a t e d   was  f r o m   room  t e m p e r a t u r e   to   1 5 0 ° C   f o r   b o t h   t h e  

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

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

of  any  a d d i t i v e s   as  d e f i n e d   in   t h e   p r e s e n t   i n v e n t i o n ,   i s  

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

15  r e s i n   f i l m s   a r e   b a k e d   c a u s e   more   h e x a v a l e n t   c h r o m i u m   to   b e  

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

c h r o m i u m   f i x i n g   p r o p o r t i o n .   For   e x a m p l e ,   when  t h e   f i l m s  

w e r e   b a k e d   a t   t e m p e r a t u r e s   of  h i g h e r   t h a n   1 5 0 ° C ,   t h e   p e r c e n t  

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

20  l e a s t   80%,  w h i c h   l e v e l   i s   a c c e p t a b l e   in   t h e   a u t o m o t i v e  

c o a t i n g   p r o c e s s .   W i t h   a t t e n t i o n   p a i d   to   t h e   s t e e l  

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

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

s u c h   y i e l d   s t r a i n   as  w e l l   as  i n c r e a s e d   y i e l d   s t r e s s   a n d  

25  d e t e r i o r a t e d   p r e s s   f o r m a b i l i t y .  

T h e r e f o r e ,   i t   i s   i n t e n d e d   in   t h e   p r e s e n t   i n v e n t i o n   t o  

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

maximum  b a k i n g   t e m p e r a t u r e   i s   l i m i t e d   to   t h e   r a n g e   b e t w e e n  

room  t e m p e r a t u r e   and  1 5 0 ° C .  

30  A c c o r d i n g   to   one  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,  

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

r e d u c i n g   a g e n t   and  p h o s p h o r i c   a c i d   as  an  a c i d   r e s i d u e   w a s  

a p p l i e d   and  b a k e d   to   p l a t e d   s t e e l   s t r i p s   a t   t e m p e r a t u r e s   o f  

.  f r o m   room  t e m p e r a t u r e   to   150°C  and  t h e n   a  r e s i n   was  a p p l i e d  

35  and  b a k e d   to   t h e   c h r o m a t e   f i l m   a t   a  t e m p e r a t u r e   of  f r o m   r o o m  
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t e m p e r a t u r e   to   1 5 0 ° C .   The  c h r o m i u m   f i x i n g   p r o p o r t i o n ,   t h a t  

i s ,   p e r c e n t   c h r o m i u m   f i x e d   of  t h e   s t r i p s   was  p l o t t e d   in   F I G .  
6+  3  + 1  as  a  f u n c t i o n   of  t h e   Cr  /C r   r a t i o   of  t h e   c h r o m a t e  

s o l u t i o n   and  t h e   maximum  b a k i n g   t e m p e r a t u r e .   The  r a n g e   o f  

5  C r ^ + / C r 3 +   r a t i o   w i t h i n   w h i c h   t h e   p e r c e n t   c h r o m i u m   f i x e d   i s  

80%  or  h i g h e r   i s   d e p i c t e d   h a t c h e d   as  a  f a v o r a b l e   r e g i o n   i n  

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

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

o b t a i n e d   when  o t h e r   r e d u c i n g   a g e n t s   a r e   u s e d   a n d / o r   o t h e r  

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

and  s i l i c a   a r e   u s e d .  

To  a c h i e v e   a  f a v o r a b l e   p e r c e n t   c h r o m i u m   f i x e d   of  80% 

or  h i g h e r   w i t h   t h e   maximum  b a k i n g   t e m p e r a t u r e   r a n g i n g   f r o m  

room  t e m p e r a t u r e   to   150°C  as  shown  in  FIG.   1,  we  h a v e   f o u n d  

1  5  t h a t   f a v o r a b l e   r e s u l t s   a r e   o b t a i n e d   by  a d d i n g   a  r e d u c i n g  

a g e n t   and  a t   l e a s t   one  a d d i t i v e   s e l e c t e d   f rom  a c i d   r e s i d u e s ,  

r e s i n s ,   and  s i l i c a   to   t h e   c h r o m a t e   s o l u t i o n .  

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

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

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

s u f f i c i e n t   to   p r o v i d e   a  RAH  of  0 .2   to   1 .9   p e r   gram  m o l e c u l e  

of  CrO-j.  T^e  t e r m   RAH  is   t h e   gram  a t o m s   of  h y d r o g e n  

c o n t a i n e d   in  t h e   r e d u c i n g   a g e n t .   Wi th   RAH  of  l e s s   t h a n   0 . 2 ,  
25  t h e   p e r c e n t   c h r o m i u m   f i x e d   i s   r e d u c e d   to   an  u n a c c e p t a b l e  

l e v e l   even   when  t h e   a d d i t i v e   as  d e f i n e d   b e l o w   i s  

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

is   a b o v e   1 . 9 .  

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

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

r e s i d u e s ,   r e s i n s ,   and  s i l i c a .   They  a r e   d e s c r i b e d   in   m o r e  

d e t a i l .  

(1  )  Ac id   r e s i d u e s  

P r e f e r r e d   a c i d   r e s i d u e s   a r e   p r o v i d e d   by  s u c h   a c i d s   a s  

35  p h o s p h o r i c   a c i d   and  b o r i c   a c i d .   They  a r e   a d d e d   in   an  a m o u n t  
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to   g i v e   a  A ~ x / C r 0 3   r a t i o   of  f rom  0 . 0 5   to   0 .3   by  w e i g h t  

w h e r e i n   A~x  r e p r e s e n t s   an  a c i d   r e s i d u e .   R a t i o s   of  l e s s   t h a n  

0 . 0 5   w i l l   r e s u l t   in   a  p e r c e n t   c h r o m i u m   f i x e d   of  l e s s   t h a n  

80%  w h e r e a s   r a t i o s   of  more   t h a n   0 .3   w i l l   r e s u l t   in   p o o r  

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

(2)  R e s i n s  

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

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

l e a s t   250  and   a c r y l i c   r e s i n s   h a v i n g   a c r y l i c   a c i d   m o n o m e r  

a n d / o r   m e t h a c r y l i c   a c i d   monomer   a d d e d   to   s t a b i l i z e   t h e m .  

They   a r e   a d d e d   in   an  a m o u n t   to   g i v e   a  r e s i n / C r O ^   r a t i o  

of  f r o m   0.1  to   20  by  w e i g h t .   R a t i o s   of  l e s s   t h a n   0.1  w i l l  

r e s u l t   in   a  p e r c e n t   c h r o m i u m   f i x e d   of  l e s s   t h a n   80%  w h e r e a s  

r a t i o s   of  more   t h a n   20  w i l l   d e t e r i o r a t e   t h e   a d h e r e n c e   of  t h e  

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

(3)  S i l i c a  

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

c o l l o i d a l   s i l i c a .   S i l i c a   i s   a d d e d   in   an  a m o u n t   to   g i v e   a  

S i 0 2 / C r 0 3   r a t i o   of  f r o m   0 .3   to   3 .0   by  w e i g h t .   R a t i o s   o f  

l e s s   t h a n   0 .3   w i l l   r e s u l t   in   a  p e r c e n t   c h r o m i u m   f i x e d   o f  

l e s s   t h a n   80%  w h e r e a s   r a t i o s   of  more   t h a n   3 .0   w i l l  

d e t e r i o r a t e   t h e   a d h e r e n c e   of  t h e   c h r o m a t e   f i l m   to   t h e  

u n d e r l y i n g   s u b s t r a t e .  

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

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

and  t h e   a d d i t i v e   as  d e f i n e d   a b o v e ,   t h e   s t e e l   can   m a i n t a i n   a  

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

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

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

of  h i g h   p e r c e n t   c h r o m i u m   f i x e d ,   an  e x p e r i m e n t   was  made  u s i n g  

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

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

FIG.   2  g r a p h i c a l l y   shows  t h e   p e r c e n t   c h r o m i u m   f i x e d   a s  

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

a g e n t .   I t   i s   s e e n   t h a t   o n l y   t h e   a d d i t i o n   of  m e t h a n o l ,   t h a t  



3 2 3 0 3 2 0  

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

f i x e d   of  l e s s   t h a n   80%.  H o w e v e r ,   t h e   RAH/CrO.,  r a t i o   r a n g e  
6  +  3  + 

. f r o m   0 .2   to   1 .9   g i v e s   a  r a t i o   of  Cr  /Cr   in  t h e   r a n g e   o f  

f rom  8 0 / 2 0   to   2 0 / 8 0 .   T h e n ,   t h e   p e r c e n t   c h r o m i u m   f i x e d   c a n  

5  be  80%  or  h i g h e r   as  s e e n   f rom  FIG.   1  by  a d d i n g   a t   l e a s t   o n e  

a d d i t i v e   s e l e c t e d   f rom  (1)  a c i d   r e s i d u e s ,   (2)  r e s i n s ,   a n d  

(3)  s i l i c a   to   t h e   c h r o m a t e   s o l u t i o n   w h i l e   k e e p i n g   t h e ,  

maximum  b a k i n g   t e m p e r a t u r e   w i t h i n   t h e   r a n g e   of  f r o m   r o o m  

t e m p e r a t u r e   to   1 5 0 ° C .  

10  FIG.   3  g r a p h i c a l l y   shows  t h e   p e r c e n t   c h r o m i u m   f i x e d   a s  

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

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

m e t h a n o l   a d d e d   as  t h e   r e d u c i n g   a g e n t   (RAH/Cr03=1   .  0  )  .  I t   i s  

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

15  l e a s t   0.1  c a l c u l a t e d   as  PO^  / C r O ^ ,   a  p e r c e n t   c h r o m i u m   f i x e d  

of  100%  i s   a d v a n t a g e o u s l y   a c h i e v e d   e v e n   a t   a  r a t i o   o f  

Cr6  +  / C r 3 +   of  8 0 / 2 0 .   I t   i,s  a l s o   s e e n   t h a t   when  t h e   r a t i o   o f  

C r 6 + / C r 3 +   i s   2 0 / 8 0 ,   a  p e r c e n t   c h r o m i u m   f i x e d   of  100%  i s  

a d v a n t a g e o u s l y   a c h i e v e d   e v e n   a t   a  r a t i o   of  PO^  / C r 0 3   ° f  

20  0 . 0 1 .   When  p h o s p h o r i c   a c i d   i s   a d d e d   in   an  a m o u n t   to   g i v e   a  

P 0 ^ 3 - / C r 0 3   r a t i o   of  0 .3   or  h i g h e r ,   t h e   p h o s p h o r i c   a c i d   d u e  

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

s u b s e q u e n t l y   a p p l i e d   and  b a k e d   r e s i n   and  h e n c 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   p r o d u c t .  
25  FIG.   4  g r a p h i c a l l y   shows   t h e   p e r c e n t   c h r o m i u m   f i x e d   a s  

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

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

(RAH/Cr03=1  .  0  )  .  The  r e s i n   u s e d   i s   an  a c i d i c   a c r y l i c   r e s i n .  

The  a m o u n t   of  r e s i n   a d d e d   i s   e x p r e s s e d   as  a  w e i g h t  
30  r a t i o   of  r e s i n   s o l i d s / C r O ^ .   I t   i s   s e e n   t h a t   a  r e s i n  

s o l i d s / C r O - j   r a t i o   in  t h e   r a n g e   b e w e e n   0.1  and  2 0 . 0   i s  

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

r a t i o   of  more   t h a n   2 0 . 0   a d v e r s e l y   a f f e c t s   t h e   a d h e r e n c e   o f  

c h r o m a t e   f i l m   to  t h e   u n d e r l y i n g   s u b s t r a t e ,   and  h e n c e ,   t h e  
35  w o r k a b i l i t y   and  w e l d a b i l i t y   of  t h e   p r o d u c t .  
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FIG.   5  g r a p h i c a l l y   shows   t h e   p e r c e n t   c h r o m i u m   f i x e d   a s  

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

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

(RAH/Cr03=1   .  0  )  .  The  s i l i c a   u s e d   i s   u l t r a f i n e   p a r t i c u l a t e  

5  s i l i c a   a n h y d r i d e .  

The  a m o u n t   of  s i l i c a   a d d e d   i s   e x p r e s s e d   as  a  w e i g h t  
r a t i o   of  S i 0 2 / C r 0 3 .   I t   i s   s e e n   t h a t   a  S i 0 2 / C r 0 3   r a t i o   of  a t  
l e a s t   0 .3   i s   e f f e c t i v e   in   a c h i e v i n g   a  p e r c e n t   c h r o m i u m   f i x e d  

of  80%  or  h i g h e r .   Such   a  r a t i o   of  more   t h a n   3 .0   a d v e r s e l y  

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

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

a d d i t i o n   of  a  r e d u c i n g   a g e n t   in   c o m b i n a t i o n   w i t h   (  1  )  an  a c i d  

r e s i d u e ,   (2)  a  r e s i n   or   (3)  s i l i c a   to   t h e   c h r o m a t e   s o l u t i o n  

15  i s   e f f e c t i v e   in   i n c r e a s i n g   t h e   p e r c e n t   c h r o m i u m   f i x e d   a t   t h e  
end  of  a l k a l i n e   d e g r e a s i n g   in  t h e   a u t o m o t i v e   c o a t i n g  

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

as  f o l l o w s .  

The  r e d u c i n g   a g e n t   s u c h   as  m e t h a n o l ,   a q u e o u s   h y d r o g e n  
20  p e r o x i d e   and  e t h y l e n e   g l y c o l   i s   a d d e d   to   t h e   c h r o m a t e  

s o l u t i o n .   The  r e d u c i n g   a g e n t   r e d u c e s   c h r o m i c   a c i d   to  l o w e r  
t h e   C r 6 + / C r 3 +   r a t i o .   The  p e r c e n t   c h r o m i u m   f i x e d   i s   t h e n  
i n c r e a s e d   b e c a u s e   t h e   p r o p o r t i o n   of  h e x a v a l e n t   c h r o m i u m  
w h i c h   i s   more   l i a b l e   to   d i s s o l v e   away  i s   d e c r e a s e d .  

25  The  a d d i t i v e s ,   (1)  a c i d   r e s i d u e ,   (2)  r e s i n ,   and  ( 3 )  
s i l i c a   a d d e d   to   t h e   c h r o m a t e   s o l u t i o n   h a v e   t h e   f o l l o w i n g  
f u n c t i o n s .  

(1  )  A d d i t i o n   of  a c i d   r e s i d u e   to   c h r o m a t e   s o l u t i o n  

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

an  a c i d   r e s i d u e - f r e e   c h r o m a t e   s o l u t i o n   f o l l o w e d   by  b a k i n g .  
A n a l y s i s   of  t h e   s a m p l e s   f rom  t h e   a c i d   r e s i d u e - c o n t a i n i n g  
c h r o m a t e   s o l u t i o n   i n d i c a t e s   p e a k s   p r o b a b l y   a t t r i b u t a b l e   t o  
t h e   h y d r a t e   or  h y d r o x i d e   of  t r i v a l e n t   c h r o m i u m   in   a d d i t i o n  

35  to   t h e   p e a k s   of  t r i v a l e n t   and  h e x a v a l e n t   c h r o m i u m .   No 
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s u b s t a n t i a l   d i f f e r e n c e   i s   o b s e r v e d   in  t h e   p r o p o r t i o n   o f  

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

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

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

i n t r o d u c t i o n   of  a c i d   r e s i d u e .   H o w e v e r ,   when  a  r e s i n   i s  

s u b s e q u e n t l y   a p p l i e d   and  b a k e d   to  t h e   c h r o m a t e   f i l m s ,   t h e  

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

a t t a c h e d   to   t h e   r e s i n ,   e v e n t u a l l y   p r e v e n t i n g   h e x a v a l e n t  

c h r o m i u m   f rom  d i s s o l v i n g   o u t .   I t   has   a l s o   b e e n   o b s e r v e d  

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

r e d u c e   i t s   q u a n t i t y .   T h e s e   two  m e c h a n i s m s   d e c r e a s e   t h e  

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

(2)  A d d i t i o n   of  r e s i n   to   c h r o m a t e   s o l u t i o n  

When  t h e   c h r o m a t e   s o l u t i o n   c o n t a i n s   an  a c r y l i c   r e s i n  

or  a  s i m i l a r   r e s i n   w h i c h   i s   of  a c i d i c   t y p e   and  s t a b l e   in   t h e  
6  +  3  + c h r o m a t e   s o l u t i o n ,   t h e   Cr  /C r   r a t i o   of  t h e   s o l u t i o n  

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

c h r o m i u m   and  t h e   r e s i n   a t   t h e   end  of  b a k i n g   to   p r e v e n t   t h e  

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

(3)  A d d i t i o n   of  s i l i c a   to  c h r o m a t e   s o l u t i o n  

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

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

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

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

more  OH  g r o u p s   t h a n   in  s i l i c a - f r e e   c h r o m a t e   f i l m s .   T h e  

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

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

l a y e r .  

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

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

i t s e l f   i s   p r e s e n t   as  t h e   h y d r a t e   and  h y d r o x i d e   of  t r i v a l e n t  

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

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

g r o u p   of  t h e   c h r o m a t e   f i l m   so  t h a t   t h e   r e s u l t i n g   r e s i n -  
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c o a t e d   s t e e l   s t r i p   i s   c h a r a c t e r i z e d   by  t h e   c o n t r o l l e d  

d i s s o l v i n g - o u t   of  c h r o m i u m .  

EXAMPLES 

E x a m p l e s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   g i v e n   b e l o w   b y  

5  way  of  i l l u s t r a t i o n   and  n o t   by  way  of  l i m i t a t i o n .  

E x a m p l e   1 

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

b a k e   h a r d e n a b i l i t y   u s e d   in   a  s e r i e s   of  r u n s   i s   shown  i n  

T a b l e   1  t o g e t h e r   w i t h   t h e i r   m e c h a n i c a l   p r o p e r t i e s .  

10  U s i n g   b a k e   h a r d e n a b l e   s t e e l   s t r i p s ,   b l a n k   Nos .   1-6  a s  

shown  in   T a b l e   1  ,  t e s t   s p e c i m e n s   w e r e   p r e p a r e d   by  d e p o s i t i n g  

a  z i n c   b a s e   a l l o y   p l a t i n g   pn  t h e   b l a n k ,   s u b j e c t i n g   t h e  

p l a t i n g   to   a  c h r o m a t e   t r e a t m e n t ,   and  t h e n   a p p l y i n g   a n  

o r g a n i c   c o a t i n g   f o l l o w e d   by  b a k i n g .   The  t r e a t i n g   p r o c e d u r e  

15  i s   shown  in   T a b l e   2  . 
The  t e s t   s p e c i m e n s   w e r e   d e t e r m i n e d   f o r   c o r r o s i o n  

r e s i s t a n c e ,   w e l d a b i l i t y ,   w o r k a b i l i t y ,   and  b a k e  

h a r d e n a b i l i t y ,   w i t h   t h e   r e s u l t s   shown  in   T a b l e   3 .  

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

20  1  .  C o r r o s i o n   R e s i s t a n c e  

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

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

o r g a n i c   c o a t i n g   on  e a c h   s p e c i m e n ,   and  s p r a y i n g   a  5%  N a C l  

s o l u t i o n   a t   35  °C  to   t h e   c o a t i n g .   The  t i m e   was  o b s e r v e d  

25  u n t i l   r e d   r u s t   . g e n e r a t e d .  

1 - b )   C y c l e   c o r r o s i o n   t e s t   (CCT) 

A  c y c l e   c o r r o s i o n   t e s t   was  c a r r i e d   o u t   by  s u b j e c t i n g  

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

s p r a y i n g   of  5%  NaCl  a t   35  °C  f o r   4  h o u r s ,   d r y i n g   a t   60  °C  f o r  

30  2  h o u r s ,   and   a l l o w i n g   to   s t a n d   in  wet   c o n d i t i o n s   a t   50  °C,  RH 

95%  f o r   2  h o u r s .   The  n u m b e r   of  c y c l e s   was  c o u n t e d   u n t i l   r e d  

r u s t   g e n e r a t e d .  

2.  W e l d a b i l i t y  
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Two  p i e c e s   of  e a c h   s p e c i m e n   we re   p a r t i a l l y   o v e r l a p p e d  

ind  s u b j e c t e d   to   c o n t i n u o u s   s p o t   w e l d i n g   u s i n g   an  R  t y p e  

e l e c t r o d e   (40R)  e a c h   u n d e r   a  c o m p r e s s i o n   f o r c e   of  170  kg  f o r  

i  w e l d i n g   p e r i o d   of  10  c y c l e s   ( 50Hz ,   1 /5   s e c ) .   The  n u m b e r  

Df  p e r m i s s i b l e   c o n t i n u o u s   w e l d i n g   s p o t s   was  d e t e r m i n e d .  

3.  W o r k a b i l i t y  

Each  s p e c i m e n   in   a  d i s k   fo rm  h a v i n g   a  d i a m e t e r   of  90  

nm  was  s u b j e c t e d   to   a  c u p p i n g   t e s t   by  d r a w i n g   to   a  cup  s h a p e  

l a v i n g   a  d i a m e t e r   of  50  mm  and  a  d e p t h   of  25  mm  ( B l a n k   H o l d  

F o r c e   1  T o n ) .   An  a d h e s i v e   t a p e   was  a p p l i e d   to  and  r e m o v e d  

from  t h e   w o r k e d   a r e a   to   d e t e r m i n e   t h e   r e m o v a l   of  c o a t i n g   a s  

s x p r e s s e d   in   m g / c i r c u m f   e r e n c e .  

4.  Bake  H a r d e n a b i l i t y  

Each   s p e c i m e n   was  p r e - s t r e s s e d   2%  and  t h e n   s u b j e c t e d  

to  a  b a k i n g   t r e a t m e n t   a t   170°C  f o r   20  m i n u t e s .   The  y i e l d  

s t r e n g t h   (YS)  of  t h e   s p e c i m e n   was  m e a s u r e d   to  d e t e r m i n e   a n  
2 

i n c r e a s e   of  YS  in  k g f / m m   . 
The  d a t a   in  T a b l e   3  d e m o n s t r a t e   t h a t   t h e   o r g a n i c  

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

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

and  w o r k a b i l i t y   w h i l e   m a i n t a i n i n g   s a t i s f a c t o r y   b a k e  

h a r d e n a b i l i t y   . 
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?able   3 

C o r r o s i o n  
r e s i s t a n c e   W e l d -   W o r k a b i l i t y   BH 

B lank   SST  CCT  a b i l i t y   ( m g / c i r c u m -   ( k 9 f 2  
No  .  ( h o u r   )  ( c y c l e )   (  s p o t s   )  f  e r e n c e   )  /mm  ) 

V-l  ]  >2500  >200  >±UUU  <*± 
V-2  >2500  >200  >1000  <1  4 . 5  
^-3  >2500  >200  >1000  <1  4 . 5  
\ -4   >  1  >2500  >200  >1000  <1  4 . 5  
\ -5   >2500  >200  >1000  <1  4 . 5  
\ -6   >2500  >200  >1000  <1  4 . 5  
\ -7   _  >2500  >200  >1000  <1  4 . 5  

\ -8   ~)  >2000  >150  >1000  <1  4 . 5  
\ -9   >2000  >150  >1000  <1  4 . 5  
h-10  >2000  >150  >1000  <1  4 . 5  
h - l l   V l   >2000  >150  >1000  <1  4 . 5  
\ - 1 2   >2000  >150  >1000  <1  4 . 5  
\ - 1 3   >2000  >150  >1000  <1  4 . 5  
&.-14  J  >2000  >150  >1000  <1  4 . 5  

B-l   >2500  >200  >1000  <1  3 . 5  
B-2  '  V  2  >2500  >200  >1000  <1  3 . 5  
B-3  J  >2500  >200  >1000  <1  3 . 5  

C - l   ^  >2500  >200  >1000  <1  4 . 6  
C-2  >3  >2500  >200  >1000  <1  4 . 6  
C-3  J  >2500  >200  >1000  <1  4 . 6  

D- l   "1  >2500  >200  >1000  <1  5 . 2  
D-2  1  >2500  >200  >1000  <1  5 . 2  
D-3  |  4  >2500  >200  >1000  <1  5 . 2  
D-4  J  >2500  >200  >1000  <1  5 . 2  

E - l   1  >2500  >200  >1000  <1  6 . 1  
E-2  f  5  >2500  >200  >1000  <1  6 . 1  
E-3  ]  >2500  >200  >1000  <1  6 . 1  
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T a b l e   3  ( c o n t ' d )  

C o r r o s i o n  
r e s i s t a n c e  

B l a n k  
N o .  

SST 
( h o u r )  

CCT 
( c y c l e )  

W e l d -  
a b i l i t y  
( s p o t s   ) 

W o r k a b i l i t y  
( m g / c i r c u m -  

f  e r e n c e   ) 

BH 
( k g f  

/ m n T )  

I n v e n t i o n   F - l   J  > 2 5 0 0  
F-2  }  6  > 2 5 0 0  
F-3  J  > 2 5 0 0  

C o m p a r a t i v e   G - l   1 0 0 0  
r u n s   G-2  1 5 0 0  

G-3  \  1  > 2 0 0 0  
G-4  > 2 0 0 0  
G-5  J  > 2 0 0 0  

•  -  H  1  > 2 0 0 0  

I  1  > 2 0 0 0  

J  1  > 2 0 0 0  

>200  >1000  <1  5 . 0  
>200  >1000  <1  5 . 0  
>200  >1000  <1  5 . 0  

100  >1000  <1  4 . 5  
100  >1000  <1  4 . 5  

>150  700  1-2   4 . 5  
>150  500  1-2   4 . 5  
>150  300  1-2   4 . 5  

>150  500  60  0 

>150  >1000  10  0 

>150  >1000  5  0 



a m p l e   2 

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

;ed  w e r e   t h e   same  as  u s e d   in  E x a m p l e   1  .  T h e i r   c o m p o s i t i o n s  

:e  shown  in  T a b l e   1  t o g e t h e r   w i t h   t h e i r   m e c h a n i c a l  

r o p e r t i e s .  

U s i n g   b a k e   h a r d e n a b l e   s t e e l   s t r i p s ,   b l a n k   Nos .   1-6  a s  

.own  in  T a b l e   1  ,  t e s t   s p e c i m e n s   were   p r e p a r e d   by  d e p o s i t i n g  

z i n c   b a s e   a l l o y   p l a t i n g   on  t h e   b l a n k ,   s u b j e c t i n g   t h e  

L a t i n g   to   a  c h r o m a t e   t r e a t m e n t ,   and  t h e n   a p p l y i n g   a n  

r g a n i c   c o a t i n g   f o l l o w e d   by  b a k i n g .   The  t r e a t i n g   p r o c e d u r e  

s  shown  in  T a b l e   4 .  

The  t e s t   s p e c i m e n s   w e r e   d e t e r m i n e d   f o r   c o r r o s i o n  

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

nd  p e r c e n t   c h r o m i u m   f i x e d ,   w i t h   t h e   r e s u l t s   shown  in   T a b l e  

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

r o p e r t i e s   a r e   t h e   same  as  in  E x a m p l e   1  . 

P e r c e n t   c h r o m i u m   f i x e d   was  d e t e r m i n e d   by  d e g r e a s i n g   a  

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

j o l u t i o n .   U s i n g   f l u o r e s c e n t   X - r a y   a n a l y s i s ,   t h e   n u m b e r   o f  

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

l e g r e a s i n g .  

The  d a t a   in  T a b l e   5  d e m o n s t r a t e   t h a t   t h e   o r g a n i c  

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

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

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

oake  h a r d e n a b i l i t y   and  h i g h   p e r c e n t   c h r o m i u m   f i x e d .  
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' a b l e   5 

C o r r o s i o n  
r e s i s t a n c e   W e l d -   W o r k a b i l i t y   BH  % 

i l a n k   SST  CCT  a b i l i t y   ( m g / c i r c u m -   ( k g f 2   C r  
lo.  ( h o u r )   ( c y c l e )   ( s p o t s )   f  e r e n c e )   /mm  )  f i x e d  

C n v e n t i o n  ^-1  )̂  >2500  >2UU  >1UUU  M  <*-o 
\-2  >2500  >200  >1000  <1  4 .7   >90  
^-3  >2500  >200  >1000  <1  4 .3  > 9 0  
^-4  >2500  >200  >1000  <1  4 .4   >90  
^.-5  >1  >2500  >200  >1000  <1  4 .4   > 9 0  
^-6  >2500  >200  >1000  <1  4 .4   > 9 0  
\ - l   >2500  >200  >1000  <1  4 .4   > 9 0  
^-8  >2500  >200  >1000  <1  4 .4   >90  
V-9  J  >2500  >200  >1000  <1  4 .4   -  > 9 0  

3-1   ̂ >2500  >200  >1000  <1  4 .7   >90  
3-2  >2500  >200  >1000  <1  4 .5   > 9 0  
3-3  >2  >2500  >200  >1000  <1  4 .7   >90  
3-4  J  >2500  >200  >1000  <1  4 .5  > 9 0  

2-1  ~)  >2500  >200  >1000  <1  4 .5   >90  
: - 2   >2500  >200  >1000  <1  4 .5   > 9 0  
2-3  >2500  >200  .  >1000  <1  -  4 .5   >90  
2-A  f  3  >2500  >200  >1000  <1  4 .3   > 9 0  
2-5  >2500  >200  >1000  <1  4 .5   >90  
2-6  J  >2500  >200  >1000  <1  4 .5   > 9 0  

D-l   *)  >2500  >200  >1000  <1  4 .5   >90  
D-2  >  4  >2500  >200  >1000  <1  4 .5   > 9 0  
D-3  J  >2500  >200  >1000  <1  4 .5   >90  

E - l   1  >2500  >200  >1000  <1  4 .7   > 9 0  
E-2  1  >2500  >200  >1000  <1  4 .7   >90  
E-3  (5   >2500  >200  >1000  <1  4 .7   > 9 0  
E-4  >2500  >200  >1000  <1  4 .5   >90  

F - l    ̂ >2500  >200  >1000  <1  4 .5   > 9 0  
F-2   >2500  >200  >1000  <1  4 .5   >90  
F-3  }  6  >2500  >200  >1000  <1  4 .7   > 9 0  
F-4   J  >2500  >200  >1000  <1  4 .7   >90  



c o r r o s i o n  
r e s i s t a n c e   W e l d -   W o r k a b i l i t y   BH  % 

l a n k   SST  CCT  a b i l i t y   ( m g / c i r c u m -   ( k g f 2   C r  
b .   ( h o u r   )  ( c y c l e )   (  s p o t s   )  f  e r e n c e )   /mm  )  f i x e  

C o m p a r a t i v e  
u n s  

-1  )  >2500  >200  >±UUU  ^1  4 . /   ou 
-2  >2500  >200  >1000  <1  4 .7  60 
-3  Vl  >2500  >200  >1000  <1  4 .8   50 
-4  J  >2500  >200  >1000  <1  4 .7   50  

-1  *l  1500  150  >1000  <1  4 .5   >90  
-2  1500  100  >1000  <1  4 .3  > 9 0  
-3  T2  >2500  >200  400  2 .0   4 .5   >90  
-4  J  >2500  >200  400  1 .5   4 .0   > 9 0  

-2  1  -  -  c o a t i n g   -  ~~ 
-3  [3  -  -  g e l l e d   -  -  
-4  J  -  "  "  



CLAIM 

1  .  An  o r g a n i c   c o a t e d   s t e e l   s t r i p   h a v i n g   i m p r o v e d   b a k e  

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

an  e x t r a   low  c a r b o n   s t e e l   s u b s t r a t e   h a v i n g   b a k e  

h a r d e n a b i l i t y ,  

5  a  l a y e r   of  a  z i n c   b a s e   a l l o y   d e p o s i t e d   on  one  s u r f a c e  

of  s a i d   s u b s t r a t e   in  a  w e i g h t   of  10  to   40  g/m  , 

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

in  a  w e i g h t   of  a t   l e a s t   10  mg/m2  c a l c u l a t e d   as  m e t a l l i c  

c h r o m i u m ,   a n d  

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

b a k i n g   a t   a  t e m p e r a t u r e   of  up  to   1 5 0 ° C .  

2.  The  o r g a n i c   c o a t e d   s t e e l   s t r i p   of  c l a i m   1  w h e r e i n   s a i d  

o r g a n i c   c o a t i n g   c o n t a i n s   s i l i c a .  

3.  The"  o r g a n i c   c o a t e d   s t e e l   s t r i p   of  c l a i m   1  w h e r e i n   s a i d  

o r g a n i c   c o a t i n g   has   a  t h i c k n e s s   of  0 .5   to   3  urn. 

4.  A  m e t h o d   f o r   m a k i n g   an  o r g a n i c   c o a t e d   s t e e l   s t r i p  

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

d e p o s i t i n g   a  l a y e r   of  a  z i n c   b a s e   a l l o y   on  one  s u r f a c e  

of  an  e x t r a   low  c a r b o n   s t e e l   s u b s t r a t e   h a v i n g   b a k e  

5  h a r d e n a b i l i t y   in   a  w e i g h t   of  10  to  40  g/m  , 

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

fo rm  a  c h r o m a t e   l a y e r   on  t h e   z i n c   b a s e   a l l o y   l a y e r   in  a  

w e i g h t   of  a t   l e a s t   10  mg/m2  c a l c u l a t e d   as  m e t a l l i c   c h r o m i u m ,  

a n d  

y  0  a p p l y i n g   an  o r g a n i c   c o a t i n g   on  t h e   c h r o m a t e   l a y e r   a n d  

b a k i n g   t h e   c o a t i n g   a t   a  t e m p e r a t u r e   of  up  to   1 5 0 ° C .  

5.  The  m e t h o d   of  c l a i m   4  w h e r e i n   s a i d   c h r o m a t e   t r e a t m e n t  

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

f rom  a c i d   r e s i d u e s ,   r e s i n s   and  s i l i c a .  

6.  A  m e t h o d   f o r   m a k i n g   an  o r g a n i c   c o a t e d   s t e e l   s t r i p  

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

d e p o s i t i n g   a  l a y e r   of  a  z i n c   b a s e   a l l o y   on  one  s u r f a c e  

of  an  e x t r a   low  c a r b o n   s t e e l   s u b s t r a t e   h a v i n g   b a k e  

h a r   d e n a b   i  1  i  ty   , 
s u b j e c t i n g   s a i d   s u b s t r a t e   to   a  c h r o m a t e   t r e a t m e n t   t o  

fo rm  a  c h r o m a t e   l a y e r   on  t h e   z i n c   b a s e   a l l o y   l a y e r ,   a n d  

a p p l y i n g   an  o r g a n i c   c o a t i n g   on  t h e   c h r o m a t e   l a y e r   a n d  

b a k i n g   t h e   c o a t i n g   a t   a  t e m p e r a t u r e   of  up  to  1 5 0 ° C ,  

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

a g e n t ,   and  a t   l e a s t   one   member   s e l e c t e d   f rom  a c i d   r e s i d u e s ,  

r e s i n s   and  s i l i c a .  

7.  The  m e t h o d   of  c l a i m   6  w h e r e i n   s a i d   r e d u c i n g   a g e n t   i s  

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

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

8.  The  m e t h o d   of  c l a i m   7  w h e r e i n   s a i d   r e d u c i n g   a g e n t  
a d d e d   i s   a d d e d   in  a  s u f f i c i e n t   a m o u n t   to   p r o v i d e   0 .2   to   1 . 9  

gram  a t o m s   of  h y d r o g e n   p e r   gram  m o l e c u l e   of  CrO-j  • 

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

c o m p r i s e d   of  t h e   r e s i d u e   of  p h o s p h o r i c   or  b o r i c   a c i d .  

10.   The  m e t h o d   of  c l a i m   9  w h e r e i n   s a i d   a c i d   r e s i d u e   i s  

a d d e d   in   an  a m o u n t   to   g i v e   an  a c i d   r e s i d u e   to   CrO^  r a t i o   o f  

f rom  0 . 0 5   to   0 .3   by  w e i g h t .  

11.  The  m e t h o d   of  c l a i m   6  w h e r e i n   s a i d   r e s i n   i s   c o m p r i s e d  
of  an  a c r y l i c   r e s i n .  



2.  The  m e t h o d   of  c l a i m   11  w h e r e i n   s a i d   r e s i n   i s   a d d e d   i n  

n  a m o u n t   to   g i v e   a  r e s i n   to  Cr03  r a t i o   of  f rom  0.1  to   20  b y  

e i g h t .  

3.  The  m e t h o d   of  c l a i m   6  w h e r e i n   s a i d   s i l i c a   i s   c o m p r i s e d  

if  c o l l o i d a l   s i l i c a .  

4.  The  m e t h o d   of  c l a i m   13  w h e r e i n   s a i d   s i l i c a   i s   a d d e d   i n  

in  a m o u n t   to   g i v e   a  S i 0 2 / C r 0 3   r a t i o   of  f rom  0 .3   to   3 .0   b y  

w e i g h t .  
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