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(54)  Method  for  producing  tin-free  steel  sheets  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  iayer,  reversely 
electrolyzing  the  chromium  plated  steel  sheet  by  a  successive 
anodizing  treatment  in  the  same  or  another  chromium-contain- 
ing  bath,  and  subjecting  the  reversely  electrolyzed  steel  sheet 
to  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  chro- 
mate  solution  which  contains  hexavalent  chromium  in  an 
amount  of  0.2  to  1.4  mols  per  liter  of  Cr03  and  a  fluoride  in  a 
molar  ratio  of  F-  to  Cr6+  of  1/1000  to  ½0. 



BACKGROUND  OF  THE  INVENTION 

This   i n v e n t i o n   r e l a t e s   to  a  method  for   p r o d u c i n g   t i n -  

f r e e   s t e e l   s h e e t s   h a v i n g   improved   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   known 

as  t i n - f r e e   s t e e l   (TFS)  of  chromium  type   have  improved   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  are   r e g a r d e d   as  a  

s u b s t i t u t e   for   t i n   p l a t e s ,   and  the  demand  for   them  is  i n c r e a s i n g  

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

S ince   TFS  has  m e t a l l i c   chromium  and  h y d r a t e d   c h r o m i u m  

ox ide   l a y e r s   on  the  s u r f a c e ,   i t   does  not  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  is  f a b r i c a t e d   from  a  TFS  s h e e t   by 

c o a t i n g   a  b l a n k   wi th   an  e p o x y - p h e n o l   l a c q u e r   and  c e m e n t i n g  

the  ma t ing   edges   of  the   c o a t e d   b l ank   wi th   a  p o l y a m i d e   a d h e s i v e  

to  form  a  can  b a r r e l .  

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

been  f u r t h e r   s p r e a d .   That  i s ,   TFS  cans  a re   not  only   u s e d  

for   l o w - t e m p e r a t u r e   packs   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  beer   in  cans  at  r e l a t i v e l y   low 

t e m p e r a t u r e s ,   but   a l s o   used  for   the  s o - c a l l e d   hot  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  cans  at  r e l a t i v e l y   h igh   t e m p e r a t u r e s   for   s t e r i l i z a t i o n .  



TFS  is  a l s o   used  in  t h o s e   cans  r e q u i r i n g   a  high  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   for   s t e r i l i z a t i o n   at  the   end  of  p a c k i n g  

of  c o f f e e ,   fo r   example .   In  the  l a t t e r   a p p l i c a t i o n s ,  t h e r e  

often  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 .  

This   can  b a r r e l   r u p t u r e   o c c u r s   in  cemen ted   TFS  c a n s  

d u r i n g   hot   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   hot  w a t e r  

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

d e t e r i o r a t e   the  i n t e r f a c i a l   a d h e s i o n   be tween   the  l a c q u e r  

c o a t i n g   and  the  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   c o a t i n g   from  the  TFS.  

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  57-177998   a  method  for   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   improved   l a c q u e r   a d h e s i o n  

by  chromium  p l a t i n g   a  s t e e l   s h e e t ,   s u b j e c t i n g   the  s h e e t  

to  r e v e r s e   e l e c t r o l y s i s   wi th   the  s h e e t   made  the  anode ,   a n d  

t h e r e a f t e r   s u b j e c t i n g   the  s h e e t   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  aqueous   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   out  in  the  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   aqueous   s o l u t i o n   c o n t a i n i n g  

chromium  ion ,   wi th   s i m i l a r   r e s u l t s   wi th   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  found  t h a t   the   method  c h a r a c t e r i z e d   by  

i n s e r t i n g   the   r e v e r s e   e l e c t r o l y s i s   s t e p   be tween   the  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   is  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  found  t h a t   the   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 h e e t   t e n d s  



to  s u p p r e s s   the  g rowth   of  a  chromium  o x i d e   l a y e r   t h e r e o n  

d u r i n g   the  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 ,   a s  

long  as  the  c h r o m a t e   ba th   c o n t a i n s   at  l e a s t   one  s e l e c t e d  

from  ch romic   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   a n d  

c o n c o m i t a n t   a n i o n s   such  as  s u l f a t e   (SO2-4),  f l u o r i d e   (F-)  a n d  

c h l o r i d e   (Cl - )   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  

then   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   t o  

d e p o s i t   the  chromium  ox ide   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   improved   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   in  c o m m e r c i a l   p r o d u c t i o n .  

The  s u r f a c e   s t a t e   of  s t e e l   s h e e t s   a f t e r   chromium  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  examined   by  the  e l e c t r o n   s p e c t r o -  

scopy  for   c h e m i c a l   a n a l y s i s   (ESCA)  or  X-ray  e l e c t r o n   s p e c t r o s c o p y  

to  f i n d   t h a t   as  compared   wi th   the  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  

chromium  p l a t i n g ,   the   q u a n t i t y   of  a n i o n s   c o d e p o s i t e d   i n  

the  chromium  ox ide   l a y e r   is  r e d u c e d   and  the  bond  e n e r g y  

of  O1S  is  s h i f t e d   to  a  lower   ene rgy   l e v e l ,   t h a t   i s ,   f r o m  

531.4   eV  to  530.1  eV  as  d i a g r a m a t i c a l l y   shown  in  F ig .   1 .  

This   i n d i c a t e s   t h a t   the   p r o p o r t i o n   of  ol  l i n k a g e s   (Cr-OH) 

in  the   chromium  ox ide   l a y e r   is  r e d u c e d   and  the  p r o p o r t i o n  

of  oxo  l i n k a g e s   (Cr-O)  is  i n c r e a s e d .   This   is  t h e  r e a s o n  

why  the  growth   of  a  chromium  ox ide   l a y e r   is  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 h e e t s .  

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

of  a  chromium  ox ide   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 h e e t s   w i t h o u t   d e t r a c t i n g   from  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 .  



More  s p e c i f i c a l l 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   was  c a r r i e d  

out  in  a  v a r i e t y   of  aqueous   c h r o m a t e   s o l u t i o n s   which  c o n t a i n e d  

at  l e a s t   one  chromium  compound  s e l e c t e d   from  chromic   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  main  a g e n t   a n d  

at  l e a s t   one  f l u o r i d e   s e l e c t e d   from  H2SiF6,  HBF4,  HF  a n d  

s a l t s   t h e r e o f   and  KAlF4  as  an  a d d i t i v e .   We  have  found  t h a t  

e f f i c i 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   is  c a r r i e d   o u t  

by  c a r e f u l l y   c o n t r o l l i n g   the   p r o p o r t i o n   of  the  c h r o m i u m  

compound  and  the   f l u o r i d e   to  a  s p e c i f i c   r a n g e .  

I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n  

to  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   which  a l l o w s  

chromium  o x i d e s   to  be  e f f e c t i v e l y   d e p o s i t 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 h e e t s   w i t h o u t   d e t r a c t i n g   from  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 h e e t s   are   a d v a n t a g e o u s l y   p r o d u c e d  

by  the  s t e p s   of  chromium  p l a t i n g   a  t h i n   s t e e l   s h e e t   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  chromium  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  

chromium,   r e v e r s e l y   e l e c t r o l y z i n g   the  chromium  p l a t e d   s t e e l  

s h e e t   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 id   a q u e o u s  

s o l u t i o n   or  in  a n o t h e r   chromium  i o n - c o n t a i n i n g   aqueous   s o l u t i o n ,  

and  s u b j e c t i n g   the  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 h e e t   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  aqueous   s o l u t i o n  

of  at  l e a s t   one  s e l e c t e d   from  the  group  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 .   In  o r d e r   to  improve   t h e  



a d h e s i o n   of  a  l a c q u e r   to  the  thus   t r e a t e d   s t e e l   s h e e t 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   shou ld   be  c a r r i e d   o u t  

in  the  s o l u t i o n   which  c o n t a i n s   h e x a v a l e n t   chromium  in  a n  

amount  o f  0 . 2   to  1.4  mols  of  Cro3  per  l i t e r   of  the  s o l u t i o n  

and  a  f l u o r i d e   in  an  amount  to  g ive   a  molar   r a t i o   of  F -  

to  Cr6+  in  the  range   of  1 /1000  to  1 / 2 0 .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  above  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  the  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   by  r e a d i n g  

the  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   wi th   the  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  is  a  d i a g r a m   showing  O1S  peaks   measu red   by  

the  ESCA  on  the  s u r f a c e   of  a  chromium  p l a t e d   s h e e t   and  a  

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

Fig.   2  shows  the  amount  of  h y d r a t e d   chromium  o x i d e s  

as  a  f u n c t i o n   of  the   molar   r a t i o   of  F - / C r 6 +   in  the  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 ;  

Fig.   3  shows  the  r e t o r t i n g   r e s i s t a n c e   of  cemented   s a m p l e s  

as  a  f u n c t i o n   of  the   molar   r a t i o   of  F - / C r 6 +   in  the  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 ;   a n d  

F i g s .   4a  and  4b  i l l u s t r a t e   a  bonded  sample  of  l a c q u e r  

c o a t 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   the  sample  m o u n t e d  

t h e r e i n   for   the  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 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   chromium  r a n g i n g   from  50  to  200  mg  p e r  



s q u a r e   me te r   on  each  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  

chromium  o x i d e s   r a n g i n g   from  8  to  30  mg  of  Cr  per  s q u a r e  

me te r   on  the  m e t a l l i c   chromium  l a y e r .   TFS  s h e e t s  

g e n e r a l l y  h a v e   a  m e t a l l i c   chromium  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 han   50  mg/m2  have  poor  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  not  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   chromium  o x i d e s  

of  8  to  30  mg/m2  ( c a l c u l a t e d   as  m e t a l l i c   chromium)  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 han   8  mg/m2  do  not  p r o v i d e   the  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   layers  e x c e e d i n g   30  mg/m2  h a v e  

a  poor  a p p e a r a n c e   and  a re   p rone   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  thus   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  which  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   was  c a r r i e d   out  c o n t a i n s   as  a  main  agen t   at  l e a s t  

one  chromium  compound  s e l e c t e d   from  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 .   The  c o n c e n t r a t i o n   of  the  ch romium 

compound  s h o u l d   be  l i m i t e d   to  the   r a n g e   of  0.2  to  1.4  m o l s  

of  CrO3  per  l i t e r   of  the   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   than   0.2  m o l / 1 ,   the   g rowth   of  a  chromium  o x i d e  

l a y e r   is  s u p p r e s s e d ,   f a i l i n g   to  a c h i e v e   the   o b j e c t   of  t h e  

i n v e n t i o n .   C h r o m a t e  c o n c e n t r a t i o n s   beyond  1.4  m o l / l   do  

not  f u r t h e r   i n c r e a s e   the  r a t e   of  f o r m a t i o n   of  chromium  o x i d e s  

and  a re   thus   c o s t l y .  

The  a d d i t i v e   which  is  i n t e n t i o n a l l y   added  to  the  c h r o m a t e  

s o l u t i o n   is  at  l e a s t   one  f l u o r i d e   which  may  be  s e l e c t e d  

from  H2SiF6,  HBF4,  HF  and  s a l t s   t h e r e o f ,   and  KAIF4.  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   out  to  d e t e r m i n e   the  o p t i m u m  

range  of  the  f l u o r i d e   ion  (F )   c o n c e n t r a t i o n   in  the  c h r o m a t e  

s o l u t i o n .   The  molar   r a t i o   of  f l u o r i d e   ion  to  h e x a v a l e n t  

chromium  ion  ( F - / C r 6 + )   was  v a r i e d   over   the  r ange   b e t w e e n  

1/5000  and  1 /5 .   The  e l e c t r o l y t i c   c o n d i t i o n s   for   c a t h o d i c  

t r e a t m e n t   were  f i x e d   to  a  c u r r e n t   d e n s i t y   of  15  A/dm2 

(amperes   per  s q u a r e   d e c i m e t e r )   and  a  t ime  of  1  s e c o n d .  

A  number  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   were  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   under   t h e s e   c o n d i t i o n s .   The  a m o u n t  

of  h y d r a t e d   chromium  o x i d e s   formed  t h e r e o n   was  d e t e r m i n e d  

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

I t   was  found  t h a t   the   c o n c e n t r a t i o n   of  the  f l u o r i d e  

shou ld   be  kept   at  a  r e l a t i v e l y   lower  l e v e l ,   t h a t   i s ,   a  m o l a r  

r a t i o   of  F - / C r 6 +   in  the  r ange   of  1 /1000  to  1 /20 .   In  g e n e r a l ,  

i n d u s t r i a l   g rade   c h r o m a t e   (Cr03)  r e a g e n t   c o n t a i n s   a  c o n c o m i t a n t  

f l u o r i d e   i m p u r i t y   in  an  amount  to  g i v e   a  molar   r a t i o   o f  

F - /Cr6+   of  the  o r d e r   of  1 / 5 0 0 0 .   In  o r d e r   t h a t   the  f l u o r i d e  

be  s u f f i c i e n t l y   e f f e c t i v e   to  p romote   the  f o r m a t i o n   of  c h r o m i u m  

o x i d e s ,   i t   must  be  p r e s e n t   in  an  amount  to  g ive   a  m o l a r  

r a t i o   of  F - / C r 6 +   of  at  l e a s t   1 /1000  as  seen  from  Fig .   2 .  

When  the  molar   r a t i o   of  F - / C r 6 +   e x c e e d s   1 /20 ,   a  f u r t h e r  

improvemen t   in  the   f o r m a t i o n   of  chromium  o x i d e s   is  n o t  

o b s e r v e d   and  the  l a c q u e r   a d h e s i o n   d i m i n i s h e s   as  seen  f r o m  

F i g s .   2  and  3.  For  t h i s   r e a s o n ,   the  c o n c e n t r a t i o n   of  t h e  

f l u o r i d e   is  l i m i t e d   to  the  a b o v e - d e f i n e d   r a n g e .  

The  l a c q u e r   a d h e s i o n   was  e v a l u a t e d   in  the  f o l l o w i n g  



manner  by  p r e p a r i n g   a  t e s t   sample   as  shown  in  F ig .   4.  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   of  50  mg/dm'  and  baked  for   10 

m i n u t e s   at   200°C  to  form  a  l a c q u e r   f i lm  1A.  The  same  l a c q u e r  

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

up  of  50  mg/dm2  and  baked  fo r   10  m i n u t e s   at  200°C  to  f o r m  

a n o t h e r   l a c q u e r   f i l m   1B.  The  d o u b l e - c o a t e d   s h e e t   was  c u t  

i n t o   p i e c e s   of  70  mm  wide  by  60  mm  long .   The  l o n g i t u d i n a l  

ends  of  two  p i e c e s   were  o v e r l a p p e d   each  o t h e r   over   a  d i s t a n c e  

of  8  mm  wi th   a  ny lon   f i l m   of  100  um  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 .   4a.  Using  a  hot   p r e s s ,   t h e s e   t w o  

p i e c e s   were  p r e h e a t e d   at  200°C  fo r   120  s econds   and  p r e s s u r e  

cemen ted   at  200°C  f o r   30  s e c o n d s   under   a  p r e s s u r e   of  3  k g / c m ' .  

Ten  s a m p l e s   3  were  c e m e n t e d   in  t h i s   manner  for   each  run.   The  

cemen ted   s a m p l e s   3  were  mounted   in  a  r e c t a n g u l a r   h o l d e r   4  a s  

shown  in  F ig .   4b  and  p l a c e d   in  a  r e t o r t   k e t t l e   at   1 3 0 ° C .  

Some  s a m p l e s   s e p a r a t e d   at  the   j u n c t i o n   under   r e t o r t i n g   a f t e r  

150  m i n u t e s   and  300  m i n u t e s .   I n  t h e   f o l l o w i n g   example ,   l a c q u e r  

a d h e s i o n   was  e v a l u a t e d   good  when  zero   to  one  sample  s e p a r a t e d  

a f t e r   150  m i n u t e   r e t o r t i n g   and  zero   to  f i v e   s amples   s e p a r a t e d  

a f t e r   300  m i n u t e   r e t o r t i n g .  

Examples   of  the   p r e s e n t   i n v e n t i o n   are  p r e s e n t e d   by  way 

of  i l l u s t r a t i o n   and  not   by  way  of  l i m i t a t i o n .  

E x a m p l e  

Cold  r o l l e d   s t e e l   s h e e t s   hav ing   t h i c k n e s s   of  0.22  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  



at  80°C,  r i n s e d   wi th   w a t e r ,   immersed  in  a  10%  H2SO4  for   5 

s e c o n d s ,   r i n s e d   a g a i n   with  w a t e r ,   and  then   s u b j e c t e d   t o  

the  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)  chromium  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 teps   (1)  and  (2)  were  s u c c e s i v e l y   c a r r i e d   out  in  the  same 

e l e c t r o l y t i c   b a t h .   These  s t e p s   were  c a r r i e d   out  in  t h e  

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

(1)  Chromium  p l a t i n g  

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

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



(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   were  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  

at   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  at  a  

c u r r e n t   d e n s i t y   of  10  A/dm2  for   0.2  s e c o n d s   whi le   the  s h e e t  

was  made  the  anode  in  the  same  ba th   as  used  for   ch romium 

p l a t i n g .   For  c o m p a r i s o n   s ake ,   some  s t e e l   s h e e t s   were  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   out  wi th   an  e l e c t r i c i t y  

q u a n t i t y   of  15  to  20  coulomb/dm2  u s i n g   d i f f e r e n t   c h r o m a t e  

b a t h s   based   on  CrO3  and  c o n t a i n i n g   a  v a r i e t y   of  f l u o r i d e s  

at   a  t e m p e r a t u r e   of  4 0 ° C .  

By  c a r r y i n g   out  (1)  chromium  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   were  p r e p a r e d   TFS  s h e e t s .   The  a m o u n t  

of  chromium  o x i d e s   formed  on  the  TFS  s h e e t s   was  d e t e r m i n e d  

by  X-ray   f l u o r o m e t r y   and  a  r e t o r t i n g   t e s t   was  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   in  the  same  manner  as  d e s c r i b e d  

p r e v i o u s l y .   The  r e s u l t s   a re   shown  in  Tab le   1 .  

As  e v i d e n t   from  the   d a t a   in  Tab le   1,  by  c a r r y i n g   o u t  

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

c a r r y i n g   out  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  c h r o m a t e  

s o l u t i o n   h a v i n g   the  optimum  c o m p o s i t i o n   as  s p e c i f i e d   a b o v e ,  

the   n e c e s s a r y   and  s u f f i c i e n t   amount  of  chromium  o x i d e s   i s  

formed  wi th   a  q u a n t i t y   of  e l e c t r i c i t y   as  g e n e r a l l y   r e q u i r e d  

and  the   r e s u l t a n t   TFS  s h e e t s   e x h i b i t   e x c e l l e n t   a d h e s i o n  

to  l a c q u e r .  





1.  In  a  method  for   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  

improved   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  

chromium  p l a t i n g   a  t h i n   s t e e l   s h e e t   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  chromium  i o n - c o n t a i n i n g   aqueous   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   the  chromium  p l a t e d   s t e e l   s h e e t  

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   aqueous   s o l u t i o n  

or  in  a n o t h e r   chromium  i o n - c o n t a i n i n g   aqueous   s o l u t i o n ,   a n d  

s u b j e c t i n g   the  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 h e e t   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  aqueous   s o l u t i o n  

of  at   l e a s t   one  s e l e c t e d   from  the  group  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 ,  

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

h e x a v a l e n t   chromium  in  an  amount  of  0.2  to  1.4  mols  of  CrO3 

per   l i t e r   of  the   s o l u t i o n   and  a  f l u o r i d e   in  an  amount  t o  

g ive   a  mola r   r a t i o   of  F-  to  Cr6+  in  the   r ange   of  1/1000  t o  

1 / 2 0 .  

2.  The  method  a c c o r d i n g   to  c l a im   1  w h e r e i n   the  f l u o r i d e  

is  s e l e c t e d   from  the  g roup  c o n s i s t i n g   of  H2SiFS,  HBF4,  HF 

and  s a l t s   t h e r e o f ,   and  KAlF4.  

3.  The  method  a c c o r d i n g   to  c l a i m   1  w h e r e i n   the  ch romium 

l a y e r   is  formed  to  a  b u i l d - u p   of  50  to  200  mg  per  s q u a r e  

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



4.  The  method  a c c o r d i n g   to  c l a im  1  w h e r e i n   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   is  c a r r i e d   out  to  form  a  chromium  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  per  s q u a r e   meter   on  

each  s u r f a c e .  
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