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©  Method  for  producing  tin-free  steel  strips  having  improved  lacquer  adhesion. 
@  Tin-free  steel  sheets  are  produced  by  chromium  plating  a 
thin  steel  sheet  through  cathodic  electrolysis  in  a  chromium- 
containing  bath  to  deposit  a  metallic  chromium  layer, 
reversely  electrolyzing  the  chromium  plated  steel  steet  by  a 
successive  anodizing  treatment  in  the  same  or  another 
chromium-containing  bath,  and  subjecting  the  reversely  elec- 
trolyzed  steel  sheetto  an  electrolytic chromate  treatment  in  an 
aqueous  chromate  solution.  The  adhesion  of  lacquer  to  the 
TFS  sheet  is  improved  by  carrying  out  the  electrolytic 
chromate  treatment  in  a  chromate  solution  which  contains 
chromic  acid,  chromates  or  dichromates  as  a  main  ingredient 
and  sulfuric  acid,  sulfates,  thiocyanates,  sulfonic  acids  or 
sulfonates  as  an  assistant  ingredient,  in  a  molar  ration  of 
H2SO4/CrO3  between  1/1000  and  1/100  provided  that the  main 
and  assistant  ingredients  are  converted  into  CrO3  and  H2SO4, 
respectively. 



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

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

a d h e s i o n .  

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 e d   s t e e l   s h e e t s   a l s o   k n o w n  

as  t i n - f r e e   s t e e l   (TFS)  of  c h r o m i u m   t y p e   h a v e   i m p r o v e d  

p r o p e r t i e s   as  c a n - f o r m i n g   m a t e r i a l   and  a r e   r e g a r d e d   as  a  

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

i n c r e a s i n g   in  r e c e n t   y e a r s .  

S i n c e   TFS  has   a  t w o - l a y e r   c o a t i n g   o f   m e t a l l i c   c h r o m i u m  

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

n o t   p o s s e s s   s u f f i c i e n t   w e l d a b i l i t y .   A  can   i s   f a b r i c a t e d  

f r o m   a  TFS  s h e e t   by  c o a t i n g   t h e   s h e e t   w i t h   an  e p o x y - p h e n o l  

r e s i n   and  c e m e n t i n g   t h e   m a t i n g   e d g e s   of   t h e   c o a t e d   s h e e t  

w i t h   a  p o l y a m i d e   a d h e s i v e   to  f o rm  a  can   b a r r e l .  

R e c e n t l y ,   t h e   e x t e n t   of  a p p l i c a t i o n   of   TFS  c a n s   h a s  

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

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

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

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

p r e p a r e d   by  p a c k i n g   c o n t e n t s   such   as  f r u i t   j u i c e   in  c a n s   a t  

r e l a t i v e l y   h i g h   t e m p e r a t u r e s   f o r   s t e r i l i z a t i o n .   TFS  i s  

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



r e t o r t i n g   t r e a t m e n t   f o r   s t e r i l i z a t i o n   a t   t he   end  of  p a c k i n g  

of  c o f f e e ,   fo r   e x a m p l e .   In  t he   l a t t e r   a p p l i c a t i o n s ,   t h e r e  

o f t e n   o c c u r r e d   a c c i d e n t s   of  r u p t u r e   of  can  b a r r e l s .  

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

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

w a t e r   p e n e t r a t e s   t h r o u g h   t h e   c o a t i n g   a t   t he   b a r r e l   j u n c t i o n  

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

f i l m   and  t h e   TFS  s u b s t r a t e   to  e v e n t u a l l y   s e p a r a t e   t h e  

l a c q u e r   f i l m  f r o m   t h e   T F S .  

The  i n v e n t o r s   p r e v i o u s l y   p r o p 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   Kokai   No.  SHO  5 7 - 1 7 7 9 9 8   a  m e t h o d   f o r   p r o d u c i n g  

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

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

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

t h e r e a f t e r   s u b j e c t i n g   t h e   s t r i p   to   an  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   in  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   h e x a v a l e n t  

c h r o m i u m .   The  r e v e r s e   e l e c t r o l y s i s   may  be  c a r r i e d   o u t   i n  

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

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

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

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

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

a d h e s i o n .   C o n t i n u i n g   r e s e a r c h ,   we  f o u n d   t h a t   r e v e r s e l y  

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

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

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 ,   as  l o n g   as  t h e   c h r o m a t e  



b a t h   c o n t a i n s   a t   l e a s t   one   s e l e c t e d   f rom  c h r o m i c   a c i d  

a n h y d r i d e ,   c h r o m a t e s   and  d i c h r o m a t e s   and  c o n c o m i t a n t   a n i o n s  

s u c h   as  s u l f a t e   ( S O 4 2 - ) ,   f l u o r i d e   ( F - )   and  c h l o r i d e   ( C 1  

i o n s .   The  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   t h e n   r e q u i r e s   a  

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

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

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

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

T h e  s u r f a c e   s t a t e   of  s t e e l   s t r i p s   a f t e r   c h r o m i u m  

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

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

t h a t   as  c o m p a r e d   w i t h   t h e   s u r f a c e   s t a t e   o b s e r v e d   a f t e r  

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

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

r e d u c e d   and   t h e   bond  e n e r g y   of  O1S  is   s h i f t e d   to   a  l o w e r  

e n e r g y   l e v e l ,   t h a t   i s ,   f r o m   5 3 1 . 4   eV  to   5 3 0 . 1   eV  a s  

d i a g r a m m a t i c a l l y   shown  in  F i g .   1.  T h i s   i n d i c a t e s   t h a t   t h e  

p r o p o r t i o n   of  ol   l i n k a g e s   (Cr -OH)   in  t h e   c h r o m i u m   o x i d e  

l a y e r   i s   r e d u c e d   and  t h e   p r o p o r t i o n   of  oxo  l i n k a g e s   ( C r - O )  

is   i n c r e a s e d .   T h i s   i s   t h e   r e a s o n   why  t h e   g r o w t h   of  a  

c h r o m i u m   o x i d e   l a y e r   i s   s u p p r e s s e d   on  r e v e r s e l y  

e l e c t r o l y z e d   s t e e l   s t r i p s .  

The  i n v e n t o r s   have   s t u d i e d   how  to  p r o m o t e   t h e   g r o w t h   o f  

a  c h r o m i u m   o x i d e   (CrOX)  l a y e r   on  r e v e r s e l y   e l e c t r o l y z e d  

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

a d h e s i o n .   We  have   f o u n d   t h a t  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   may  be  a d v a n t a g e o u s l y   c a r r i e d   o u t   in  an  a q u e o u s  



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

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

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

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

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

I t   i s ,   t h e r e f o r e ,   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   t o  

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

c h r o m i u m   o x i d e s   (CrOX)  to   be  e f f e c t i v e l y   d e p o s i t e d   o n  

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

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

SUMMARY  OF  THE  INVENTION 

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

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

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

i o n - c o n t a i n i n g   a q u e o u s   s o l u t i o n   to  fo rm  a  l a y e r   c o n s i s t i n g  

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

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

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

i o n - c o n t a i n i n g   a q u e o u s   s o l u t i o n ,   and  s u b j e c t i n g   t h e  

r e v e r s e l y   e l e c t r o l y z e d   s t e e l   s t r i p   to  an  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   in  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   as  a  

main   i n g r e d i e n t   a t   l e a s t   one  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  c h r o m i c   a c i d ,   c h r o m a t e s ,   and  d i c h r o m a t e s .   I n  

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

t r e a t e d   s t e e l   s h e e t s ,   t h e   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  

s h o u l d   be  c a r r i e d   o u t   in  t h e   s o l u t i o n   w h i c h   c o n t a i n s   as  a  

main   i n g r e d i e n t   a t   l e a s t   one  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  c h r o m i c   a c i d ,   c h r o m a t e s ,   and  d i c h r o m a t e s ,   a n d  

as  an  a s s i s t a n t   i n g r e d i e n t   a t   l e a s t   one  s e l e c t e d   f rom  t h e  

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

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

H2SO4/CrO3  in  t h e   r a n g e   b e t w e e n   1 / 1 0 0 0   and  1 / 1 0 0   p r o v i d e d  

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

CrO3  and  H2SO4,  r e s p e c t i v e l y .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  a b o v e   and  o t h e r   o b j e c t s ,   f e a t u r e s ,   and  a d v a n t a g e s  

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

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

F i g .   1  i s   a  d i a g r a m   s h o w i n g   O1S  p e a k s   m e a s u r e d   by  t h e  

ESCA  on  t h e   s u r f a c e   of  c h r o m i u m   p l a t e d   s t e e l   and   r e v e r s e l y  

e l e c t r o l y z e d   s t e e l ;  

F i g .   2  shows  t h e   a m o u n t   of  h y d r a t e d   c h r o m i u m   o x i d e s   a s  

a  f u n c t i o n   of  t h e   m o l a r   r a t i o   of   H2SO4/CrO3  in  t h e  

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

F i g s .   3a  and  3b  i l l u s t r a t e   a  b o n d e d   s a m p l e   of  l a c q u e r e d  

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

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

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   to   TFS  s t r i p s   o r  

s h e e t s   h a v i n g   a  l a y e r   of  m e t a l l i c   c h r o m i u m   (CrM)  r a n g i n g  

f rom  50  to   200  mg  pe r   s q u a r e   m e t e r   on  e a c h   s h e e t   s u r f a c e  

and  a  l a y e r   of  h y d r a t e d   c h r o m i u m   o x i d e s   (CrOX)  r a n g i n g   f r o m  

8  to   30  mg  of  Cr  pe r   s q u a r e   m e t e r   on  t h e   m e t a l l i c   c h r o m i u m  



l a y e r .   TFS  s h e e t s   g e n e r a l l y   have   a  m e t a l l i c   c h r o m i u m   l a y e r  

of  50  to   200  mg/m2  b e c a u s e   t h i n n e r   l a y e r s   of  l e s s   t h a n   50  

mg/m2  have   p o o r   c o r r o s i o n   r e s i s t a n c e .   T h i c k e r   l a y e r s  

e x c e e d i n g   200  mg/m2  do  n o t   p r o v i d e   an  a d d i t i o n a l  

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

TFS  s h e e t s   have   a  l a y e r   of  h y d r a t e d   c h r o m i u m   o x i d e s   o f  

8  to   30  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 )   b e c a u s e  

t h i n n e r   l a y e r s   of  l e s s   t h a n   8  mg/m2  do  no t   p r o v i d e   t h e  

n e c e s s a r y   l a c q u e r   a d h e s i o n .   T h i c k e r   l a y e r s   e x c e e d i n g   30  

mg/m2  have   a  p o o r   a p p e a r a n c e   and   a r e   p r o n e   to  c r a c k i n g  

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

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

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

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

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

c h r o m a t e   K2CrO4,   s o d i u m   c h r o m a t e   N a 2 C r 0 4 ,   ammonium  c h r o m a t e  

( N H 4 ) 2 C r O 4 ,   p o t a s s i u m   d i c h r o m a t e   K2Cr2O7,   s o d i u m   d i c h r o m a t e  

N a 2 C r 2 O 7 ,   and  ammonium  d i c h r o m a t e   ( N H 4 ) 2 C r 2 O 7 .   T h e  

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

t h e   r a n g e   of  20  to   200  g  of  CrO3  p e r   l i t e r   of  t h e   s o l u t i o n .  

At  c h r o m a t e   c o n c e n t r a t i o n s   of  l e s s   t h a n   20  g /1   of  C r 0 3 ,   t h e  

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

power   l o s s .   C h r o m a t e   c o n c e n t r a t i o n s   b e y o n d   200  g / 1   of  CrO3 

a r e   c o s t l y   b e c a u s e   t h e   l o s s   of  CrO3  due  to   e n t r a i n m e n t   o f  

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



The  a s s i s t a n t   i n g r e d i e n t   w h i c h   i s   i n t e n t i o n a l l y   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   is   a t   l e a s t   one  c o m p o u n d   w h i c h   i s  

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

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

E x a m p l e s   of  t h e   s u l f a t e s ,   t h i o c y a n a t e s ,   and  s u l f o n i c   a c i d s  

and  s u l f o n a t e s   u s e d   h e r e i n   i n c l u d e   p o t a s s i u m   s u l f a t e   K 2 S O 4 ,  

s o d i u m   s u l f a t e   N a 2 S 0 4 ,   and   ammonium  s u l f a t e   ( N H 4 ) 2 S O 4 ;  

p o t a s s i u m   t h i o c y a n a t e   KSCN,  s o d i u m   t h i o c y a n a t e   NaSCN,  a n d  

ammonium  t h i o c y a n a t e   NH4SCN;  and  p h e n o l d i s u l f o n i c   a c i d   a n d  

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

ammonium  s a l t s   t h e r e o f .  

The  f o l l o w i n g   e x p e r i m e n t   was  c a r r i e d   o u t   to   d e t e r m i n e  

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

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

- C r O 3 ,   t h e   a s s i s t a n t   i n g r e d i e n t   i s   c o n v e r t e d   i n t o   H 2 S 0 4  f o r  

c a l c u l a t i o n   p u r p o s e .   The  m o l a r   r a t i o   of  H 2 S O 4 / C r O 3  w a s  

v a r i e d   o v e r   t h e   r a n g e   b e t w e e n   1 / 2 0 0 0   and   3 / 1 0 0 .   A  n u m b e r  

of  r e v e r s e l y   e l e c t r o l y z e d   s t e e l   p i e c e s   w e r e  

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

c h r o m i u m   o x i d e s   (CrOX)  f o r m e d   t h e r e o n   was  d e t e r m i n e d   a n d  

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

The  r e s u l t s   a r e   p l o t t e d   in  F i g .   2  w h i c h   shows  t h a t   t h e  

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

c o n c e n t r a t i o n s   t h a t   t h e   m o l a r   r a t i o   of  H2SO4  to   Cr03  i s   i n  

t h e   r a n g e   b e t w e e n   1 / 1 0 0 0   and   1 / 1 0 0 .  I n   r e g i o n   I  w h e r e   t h e  

a s s i s t a n t   i n g r e d i e n t   i s   p r e s e n t   in  c o n c e n t r a t i o n s   to   g i v e   a  

m o l a r   r a t i o   of  H 2 S O 4 / C r O 3   of  l o w e r   t h a n   1 / 1 0 0 0 ,   t h e  



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

o x i d e   l a y e r   in  g r o w i n g ,   f a i l i n g   to  a c h i e v e   t h e   o b j e c t s   o f  

t h e   i n v e n t i o n .   On  t h e   o t h e r   h a n d ,   in  r e g i o n   I I I   w h e r e   t h e  

a s s i s t a n t   i n g r e d i e n t   i s   p r e s e n t   in  c o n c e n t r a t i o n s   to   g i v e   a  

m o l a r   r a t i o   of  H 2 S 0 4 / C r 0 3  o f   h i g h e r   t h a n   1 / 1 0 0 ,   t h e  '  

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

become  c o m m e r c i a l l y   u n a c c e p t a b l e .   For   t h i s   r e a s o n ,   t h e  

a s s i s t a n t   i n g r e d i e n t   s h o u l d   be  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   in  an  a m o u n t   ( c a l c u l a t e d   as  H2SO4)  s u c h   as  to   g i v e  

a  m o l a r   r a t i o   of  H 2 S O 4 / C r O 3  b e t w e e n   1 / 1 0 0 0   and   1 / 1 0 0   a s  

shown  by  h a t c h e d   r e g i o n   I I   in  F i g .   2 .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   p r e s e n t   i n v e n t i o n   i s  

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

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

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 .   U n l e s s   t h e   r e v e r s e  

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

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 ,   t i n - f r e e   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   l a c q u e r   a d h e s i o n   c a n n o t   be  o b t a i n e d   even   i f  

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

i n g r e d i e n t   in  a  c o n c e n t r a t i o n   to   g i v e   a  m o l a r   r a t i o   o f  

H 2 S O 4 / C r O 3  i n   t h e   r a n g e   b e t w e e n   1 / 1 0 0 0   and   1 / 1 0 0 .  

S i n c e   a  c o n t r o l l e d   a m o u n t   of  SO42-  i s   i n t e n t i o n a l l y  

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

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

c h r o m i u m   i s   d e p o s i t e d   d u r i n g   t h e   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 .   The  a m o u n t   of   m e t a l l i c   c h r o m i u m   (CrM)  d e p o s i t e d  

is   g r e a t e r   in  t h e   p r e s e n c e   of  r e v e r s e   e l e c t r o l y s i s   t h a n   i n  



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

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

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

The  a d h e s i o n   of  l a c q u e r   to  c h r o m a t e d   s t e e l   is   e v a l u a t e d  

by  c a r r y i n g   o u t   b o t h   U-  and  T - p e e l   t e s t s   in  t h e   f o l l o w i n g  

m a n n e r .  

U - p e e l   t e s t  

As  shown  in  F i g .   3a ,   a  p h e n o l - e p o x y   l a c q u e r   was  a p p l i e d  

to   one  s u r f a c e   of  a  t r e a t e d   s t e e l   s h e e t   1  to  a  b u i l d - u p   o f  

60  mg/m2  and  b a k e d   f o r   12  m i n u t e s   a t   210°C  to  form  a  

l a c q u e r   f i l m   lA.   The  same  l a c q u e r   was  a p p l i e d   t o  o n e  

s u r f a c e   of  a n o t h e r   t r e a t e d   s t e e l   s h e e t   2  to  a  b u i l d - u p   o f  

25  mg/m2  and  b a k e d   u n d e r   t h e   same  c o n d i t i o n s   to   f o r m  

a n o t h e r   l a c q u e r   f i l m   2A.  The  s h e e t s   we re   c u t   i n t o   p i e c e s  

of  70  mm  wide   by  60  mm  l o n g .   The  l o n g i t u d i n a l   ends   of  t w o  

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

of  8  mm  w i t h   a  n y l o n   f i l m   3  of  100  1m  t h i c k   i n t e r p o s e d  

t h e r e b e t w e e n   as  shown  in  F i g .   3a .   U s i n g   a  ho t   p r e s s ,   t h e s e  

two  p i e c e s   we re   p r e h e a t e d   a t   200°C  f o r   120  s e c o n d s   a n d  

p r e s s u r e   c e m e n t e d   a t   200°C  f o r   30  s e c o n d s   u n d e r   a  p r e s s u r e  

of  3  k g / c m 2 .   Ten  s a m p l e s   4  were   c e m e n t e d   in  t h i s   m a n n e r  

f o r   e a c h  r u n .   The  c e m e n t e d   s a m p l e s   4  we re   m o u n t e d   in  a  

r e c t a n g u l a r   h o l d e r   5  as  shown  in  F i g .  3 b   and  p l a c e d   in  a  

r e t o r t   k e t t l e   f i l l e d   w i t h   s t e a m   a t   1 3 0 ° C .   Some  s a m p l e s  

s e p a r a t e d   a t   t h e   j u n c t i o n   u n d e r   r e t o r t i n g   a f t e r   3 0 0  

m i n u t e s .   In  t h i s   U - p e e l   t e s t ,   l a c q u e r   a d h e s i o n   w a s  

e v a l u a t e d   good  when  z e r o   to  one  s a m p l e   s e p a r a t e d   a f t e r   3 0 0  

m i n u t e   r e t o r t i n g .  



T - p e e l   t e s t  

A  p h e n o l - e p o x y   l a c q u e r   was  a p p l i e d   to   a  t r e a t e d   s t e e l  

s h e e t   to  a  b u i l d   up  of  50  mg/m2  and  b a k e d   f o r   12  m i n u t e s   a t  

2 1 0 ° C .   The  b a k e d   s h e e t   was  c u t   i n t o   p i e c e s   of  5  mm  w i d e .  

A  s a n d w i c h   of   two  p i e c e s   w i t h   a  n y l o n   a d h e s i v e   i n t e r p o s e d  

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

200°C  f o r   30  s e c o n d s .   The  c e m e n t e d   s a m p l e s   we re   i m m e r s e d  

f o r   7  d a y s   in   a  0.4%  c i t r i c   a c i d   a q u e o u s   s o l u t i o n   a t   9 0 ° C .  

T h e r e a f t e r ,   T - p e e l   t e n s i l e   s t r e n g t h   was  m e a s u r e d   t o  

e v a l u a t e   s e c o n d a r y   or  wet  a d h e s i o n   of  l a c q u e r .   In  t h i s  

T - p e e l   t e s t ,   s a m p l e s   whose   T - p e e l   t e n s i l e   s t r e n g t h   was  2 . 5  

k g / 5   mm  or  more   a f t e r   7 - d a y   i m m e r s i o n   in  0.4%  c i t r i c   a c i d  

s o l u t i o n   a t   90°C  were   e v a l u a t e d   g o o d .  

S a m p l e s   w h i c h   p a s s e d   bo th   t h e   U-  and  T - p e e l   t e s t s   w e r e  

e v a l u a t e d   to   have   e x c e l l e n t   s e c o n d a r y   or   wet  a d h e s i o n   o f  

l a c q u e r .  

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   p r e s e n t e d   by  w a y  

of  i l l u s t r a t i o n   and  no t   by  way  of   l i m i t a t i o n .  

E x a m p l e s  

C o l d   r o l l e d   s t e e l   s h e e t s   (T4CA)  h a v i n g   a  t h i c k n e s s   o f  

0 . 2 2   mm  were   e l e c t r o l y t i c a l l y   d e g r e a s e d   in  a  5%  h o m e z a r i n e  

s o l u t i o n   a t   8 0 ° C ,   r i n s e d   w i t h   w a t e r ,   i m m e r s e d   in  a  10% 

H2S04  f o r   5  s e c o n d s   f o r   p i c k l i n g ,   r i n s e d   a g a i n   w i t h   w a t e r ,  

and  t h e n   s u b j e c t e d   to  t he   f o l l o w i n g   t r e a t m e n t s   in  s e q u e n c e :  

(1)  c h r o m i u m   p l a t i n g ,  

(2)  r e v e r s e   e l e c t r o l y s i s ,   a n d  

(3)  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 .  



S t e p s   (1)  and  (2)  were   s u c c e s s i v e l y   c a r r i e d   o u t   in  t h e   s a m e  

e l e c t r o l y t i c   b a t h .   T h e s e   s t e p s   we re   c a r r i e d   o u t   in  t h e  

f o l l o w i n g   c o n d i t i o n s .  

(1)  c h r o m i u m   p l a t i n g  

P l a t i n g   b a t h   c o m p o s i t i o n  

Ba th   A  a t   a  t e m p e r a t u r e   of  5 0 ° C  

Ba th   B  a t   a  t e m p e r a t u r e   of  6 0 ° C  

E l e c t r o l y t i c   c o n d i t i o n s  

C a t h o d i c   t r e a t m e n t  

(2)  R e v e r s e   e l e c t r o l y s i s  

The  s t e e l   s h e e t s   we re   s u b j e c t e d   to  r e v e r s e   e l e c t r o l y s i s  

a t   a  c u r r e n t   d e n s i t y   of  5  A / d m 2   f o r   0 .2   s e c o n d s   or  a t   a  

c u r r e n t   d e n s i t y   of  15  A/dm2  f o r   0 . 1   s e c o n d s   w h i l e   t h e   s h e e t  

was  made  t h e   a n o d e   in  t h e   same  b a t h   as  u s e d   f o r   c h r o m i u m  

p l a t i n g .   For   c o m p a r i s o n   s a k e ,   some  s t e e l   s h e e t s   we re   n o t  

s u b j e c t e d   to   r e v e r s e   e l e c t r o l y s i s .  



(3)  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  

C a t h o d i c   t r e a t m e n t   was  c a r r i e d   o u t   w i t h   an  e l e c t r i c i t y  

q u a n t i t y   of  10  to  20  c o u l o m b / d m 2   u s i n g   v a r i o u s   c h r o m a t e  

b a t h s   b a s e d   on  CrO3  and   Na2Cr2O7  and  c o n t a i n i n g   v a r y i n g  

c o n c e n t r a t i o n s   of  t h e   a s s i s t a n t   (H2SO4)  a t   a  t e m p e r a t u r e   o f  

40°C .   For  c o m p a r i s o n   s a k e ,   one  c h r o m a t e   b a t h   was  f r e e   o f  

H 2 S O 4 .  

By  c a r r y i n g   o u t   (1)  c h r o m i u m   p l a t i n g ,   (2)   r e v e r s e  

e l e c t r o l y s i s ,   and  (3)  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 n  

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

c h r o m i u m   o x i d e s   (CrOX)  f o r m e d   on  t h e   TFS  s h e e t s   w a s  

d e t e r m i n e d   by  X - r a y   f l u o r o m e t r y   and  t h e   a m o u n t   of  m e t a l l i c  

c h r o m i u m   (CrM)  was  d e t e r m i n e d   by  e l e c t r o l y t i c   a n a l y s i s .  

The  U-  and  T - p e e l   t e s t s   w e r e   c a r r i e d   o u t   to   e v a l u a t e  

l a c q u e r   a d h e s i o n   a f t e r   r e t o r t i n g .   The  r e s u l t s   a r e   shown  i n  

T a b l e   1 . '  







In  E x a m p l e   1  ( c o m p a r i s o n ) ,   c h r o m i u m   p l a t i n g   (1)  i s  

f o l l o w e d   by  r e v e r s e   e l e c t r o l y s i s   (2)  and  t h e n   b y  

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   in  a  b a t h   c o n t a i n i n g   H 2 S 0 4  

in  such   a  l o w e r   c o n c e n t r a t i o n   as  to  g i v e   a  m o l a r   r a t i o   o f  

H2SO4/CrO3  of  1 / 2 0 0 0 .   A  s m a l l e r   q u a n t i t y   of  c h r o m i u m   o x i d e  

(CrOX)  was  p r e s e n t   and  t h e   wet   ( s e c o n d a r y )   l a c q u e r   a d h e s i o n  

was  u n s a t i s f a c t o r y .  

U n l i k e   E x a m p l e   1  ( c o m p a r i s o n ) ,   E x a m p l e   2  u s e d   a n  

e l e c t r o l y t i c   c h r o m a t e   b a t h   h a v i n g   a  p r o p e r   H2S04  

c o n c e n t r a t i o n   to   g i v e   a  m o l a r   r a t i o   of  H 2 S O 4 / C r O 3  o f   1 / 2 0 0 ,  

y i e l d i n g   a  s u f f i c i e n t   q u a n t i t y   of  c h r o m i u m   o x i d e   ( C r O X )  

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

Example   3  ( c o m p a r i s o n )   u s e d   an  e l e c t r o l y t i c   c h r o m a t e  

b a t h   h a v i n g   t h e   same  H2SO4/CrO3  r a t i o   as  in  Example   2,  b u t  

o m i t t e d   r e v e r s e   e l e c t r o l y s i s   ( 2 ) .   The  e l i m i n a t i o n   o f  

r e v e r s e   e l e c t r o l y s i s   (2)  r e s u l t e d   in  i n f e r i o r   wet  l a c q u e r  

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

o x i d e .  

Example   4  ( c o m p a r i s o n )   c a r r i e d   o u t   c h r o m i u m   p l a t i n g   ( 1 )  

and  r e v e r s e   e l e c t r o l y s i s   (2)  f o l l o w e d   by  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   in  a  b a t h   c o n t a i n i n g   H 2 S 0 4  i n   such   a  

h i g h e r   c o n c e n t r a t i o n   as  to  g i v e   a  m o l a r   r a t i o   of  H 2 S O 4 / C r O 3  

of  2 / 1 0 0 .   A l t h o u g h   wet  l a c q u e r   a d h e s i o n   was  s a t i s f a c t o r y ,  

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

In  E x a m p l e s  5   t h r o u g h   7,  c h r o m i u m   p l a t i n g   (1)  a n d  

r e v e r s e   e l e c t r o l y s i s   (2)  were   f o l l o w e d   by  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   in  a  b a t h   h a v i n g   a  m o l a r   r a t i o   o f  



H 2 S O 4 / C r O 3  i n   t he   r a n g e   of  1 / 1 0 0 0   to  1 / 1 0 0 ,   t h a t   i s ,   t h e  

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

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

t he   wet   l a c q u e r   a d h e s i o n   was  s u p e r i o r .  

E x a m p l e s   8  and  9  ( c o m p a r i s o n )   c a r r i e d   o u t   r e v e r s e  

e l e c t r o l y s i s   ( a n o d i c   t r e a t m e n t )   (2)  and  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   ( c a t h o d i c   t r e a t m e n t )   (3)  w i t h o u t  

c h r o m i u m   p l a t i n g   ( c a t h o d i c   t r e a t m e n t )   ( 1 ) ,   f a i l i n g   t o  

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

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

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

s t e p s ,   t h a t   i s ,   c h r o m i u m   p l a t i n g   ( 1 ) ,   r e v e r s e   e l e c t r o l y s i s  

( 2 ) ,   and   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   (3)  a r e   c a r r i e d  

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

g e n e r a t i n g   s u l f a t e   ion   i s   i n t e n t i o n a l l y   a d d e d   to   t h e  

e l e c t r o l y t i c   c h r o m a t e   b a t h   in  s u c h   an  a m o u n t   as  to   g i v e   a  

m o l a r   r a t i o   of  H2SO4/CrO3   in  t h e   r a n g e   of  1 / 1 0 0 0   to   1 / 1 0 0 .  

With  t h e s e   r e q u i r e m e n t s   m e t ,   TFS  s h e e t s   h a v i n g   i m p r o v e d  

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

a c c e p t a b l e   c o s t .  



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

is   made  to  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   in  a  b a t h  

c o n t a i n i n g   C r 0 3  a n d   Na2Cr2O7  as  t h e   ma in   i n g r e d i e n t   a n d  

H 2 S O 4  a s   t h e   a s s i s t a n t   i n g r e d i e n t ,   i t   s h o u l d   be  u n d e r s t o o d  

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

s e l e c t e d   as  t h e   main   and  a s s i s t a n t   i n g r e d i e n t s   f rom  t h e  

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

H2SO4/CrO3  f a l l s   w i t h i n   t h e   o p t i m u m   r a n g e   as  s p e c i f i e d   i n  

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



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

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

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

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

to  form  a  l a y e r   c o n s i s t i n g   e s s e n t i a l l y   of  m e t a l l i c  

c h r o m i u m ,  

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

s t r i p   by  a  s u c c e s s i v e   a n o d i z i n g   t r e a t m e n t   in  s a i d   a q u e o u s  

s o l u t i o n   or   in  a n o t h e r   c h r o m i u m   i o n - c o n t a i n i n g   a q u e o u s  

s o l u t i o n ,   a n d  

s u b j e c t i n g   t h e   r e v e r s e l y   e l e c t r o l y z e d   s t e e l   s t r i p   t o  

an  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   in  an  a q u e o u s   s o l u t i o n  

c o n t a i n i n g   as  a  main   i n g r e d i e n t   a t   l e a s t   one  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  c h r o m i c   a c i d ,   c h r o m a t e s ,   a n d  

d i c h r o m a t e s ,   and  as  an  a s s i s t a n t   i n g r e d i e n t   a t   l e a s t   o n e  

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

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

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

H 2 S 0 4 / C r 0 3   in  t h e   r a n g e   b e t w e e n   1 / 1 0 0 0   and  1 / 1 0 0   p r o v i d e d  

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

CrO3  and  H2SO4,  r e s p e c t i v e l y .  



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

l a y e r   is   f o r m e d   to  a  b u i l d - u p   of  50  to  200  mg  pe r   s q u a r e  

m e t e r   on  e a c h   s u r f a c e .  

3.  The  m e t h o d   a c c o r d i n g   to   c l a i m   1  w h e r e i n   t he   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   is   c a r r i e d   o u t   to   fo rm  a  c h r o m i u m  

o x i d e   l a y e r   to   a  b u i l d - u p   of  8  to   30  mg  of  Cr  pe r   s q u a r e  

m e t e r   on  e a c h   s u r f a c e .  
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