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©  Method  and  apparatus  for  continuously  forming  color  display  layer  on  stainless  steel  strip. 
In  continuously  forming  color  display  layer  on  the 

surface  of  the  stainless  steel  strip  A,  potential  difference 
between  the  strip  A  immersed  in  the  oxidizing  solution  and  a 
reference  electrode  5  is  utilized  for  controlling  the  thickness, 
or  color  tone,  of  the  color  display  layer,  namely,  the 
relationship  between  the  thickness  of  the  color  display  layer 
and  the  potential  difference  mentioned  above  is  measured 
first,  followed  by  continuously  immersing  a  strip  of the  same 
kind  in  the  oxidizing  solution  for forming  a  color display  layer 
on  the  surface  of  the  strip  A.  The  difference  in  thickness 
between  the  actually  formed  color  display  layer  and  a 
desired  color  display  layer  is  converted  into  the  difference  in 
potential  difference  based  on  the  above-noted  relationship 
and  the  immersion  time  of  the  strip  in  the  oxidizing  solution 
is  controlled  on  the  basis  of  said  difference  in  potential 
difference.  The  section  for  measuring  the  natural  potential  in 
the  process  of  forming  the  color  display  layer  is  electrically 
separated  from  the  power  source  used  for  hardening  the 
color  display  layer  Further  an  electic  circuit  is  not  formed 
and  a  potential  difference  is  generated  between  the  tank 
housing  the  oxidizing  solution  and  the  stainless  steel  strip. 



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   and  a p p a r a t u s  

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

s u r f a c e   of  s t a i n l e s s   s t e e l .  

A  c o l o r   d i s p l a y   l a y e r   (or  o x i d e   l a y e r )   f o r m e d   on  

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

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

h i g h l y   d e c o r a t i v e   e f f e c t .   T e c h n i q u e s   of  f o r m i n g   such  a 

c o l o r   d i s p l a y   l a y e r   a re   d i s c l o s e d   in ,   for   e x a m p l e ,  

B r i t i s h   P a t e n t   S p e c i f i c a t i o n s   1 , 1 2 2 , 1 7 2   and  1 , 1 2 2 , 1 7 3 .  

In  any  of  the   p r i o r   a r t s   e x e m p l i f i e d   a b o v e ,   s t a i n l e s s  

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

a d v a n c e ,   is  i m m e r s e d   in  a  m i x t u r e   of  s u l f u r i c   a c i d   a n d  

c h r o m i c   a c i d   so  as  to  form  a  c o l o r   d i s p l a y   l a y e r   on  t h e  

s u r f a c e   of  the  s t a i n l e s s   s t e e l ,   f o l l o w e d   by  s u b j e c t i n g  

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

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

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

d i s p l a y   l a y e r   is  m a r k e d l y   i n f l u e n c e d   by  the  c o m -  

p o s i t i o n   and  t e m p e r a t u r e   of  the  o x i d i z i n g   l i q u o r ,   i . e . ,  

a c i d   m i x t u r e ,   as  w e l l   as  by  the  s u r f a c e   c o n d i t i o n s   o f  

t he   s t a i n l e s s   s t e e l ,   r e n d e r i n g   i t   a b s o l u t e l y   n e c e s s a r y  
to  c o n t r o l   a c c u r a t e l y   the  o x i d i z i n g   s o l u t i o n   a n d  

s t a i n l e s s   s t e e l   for   o b t a i n i n g   a  c o l o r   d i s p l a y   l a y e r   of  a 

d e s i r e d   c o l o r   t o n e .  



In  o r d e r   to  c o n t r o l   t he   c o l o r   t one   of  the   c o l o r  

d i s p l a y   l a y e r ,   i t   is  p r o p o s e d   to  m o n i t o r   the   p o t e n t i a l  

d i f f e r e n c e   b e t w e e n   the   s t a i n l e s s   s t e e l   i m m e r s e d   in  t h e  

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

the   f a c t   t h a t   the   p o t e n t i a l   d i f f e r e n c e   m e n t i o n e d ,  

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

t h i c k n e s s   of  the   c o l o r   d i s p l a y   l a y e r .   T h i s   c o n t r o l  

m e t h o d   is  c e r t a i n l y   e f f e c t i v e   where   a  c o l o r   d i s p l a y  

l a y e r   is  f o rmed   on  a  s t a i n l e s s   s t e e l   p l a t e   on  a  b a t c h  

s y s t e m .   B u t ,   where   a  s t a i n l e s s   s t e e l   s t r i p   is  c o n -  

t i n u o u s l y   i m m e r s e d   in  an  o x i d i z i n g   s o l u t i o n ,   i t   i s  

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

p o t e n t i a l   d i f f e r e n c e   b e t w e e n   the  r e f e r e n c e   e l e c t r o d e   a n d  

the   s t r i p   i m m e r s e d   in  the   o x i d i z i n g   s o l u t i o n   b e c a u s e   t h e  

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

t i a l l y   c o n s t a n t .   I t   s h o u l d   a l s o   be  n o t e d   t h a t   the   c o l o r  

t o n e   of  the   c o l o r   d i s p l a y   l a y e r   is  r e m a r k a b l y   i n f l u e n c e d  

by  the   m a t e r i a l   and  s u r f a c e   c o n d i t i o n   of  s t a i n l e s s   s t e e l  

and  the   c o m p o s i t i o n   and  t e m p e r a t u r e   of  the   o x i d i z i n g  

s o l u t i o n   even   i f   the   p o t e n t i a l   d i f f e r e n c e   in  q u e s t i o n   i s  

m a i n t a i n e d   c o n s t a n t .   I t   f o l l o w s   t h a t   t he   c o l o r   t o n e  

of  the   c o l o r   d i s p l a y   l a y e r   f o rmed   in  one  c a s e   is   n o t  

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

f o r m e d   in  a n o t h e r   c a s e .   Under   the  c i r c u m s t a n c e s ,  

i t   was  c u s t o m a r y   to  c o n t r o l   the   i m m e r s i o n   t i m e   of  a  

s t a i n l e s s   s t e e l   s t r i p   in  an  o x i d i z i n g   s o l u t i o n   b a s e d  

m a i n l y   on  e x p e r i e n c e s   whe re   a  c o l o r   d i s p l a y   l a y e r   of  a 

d e s i r e d   c o l o r   t o n e   is  c o n t i n u o u s l y   f o r m e d   on  t he   s t r i p ,  

l e a d i n g   to  n o n u n i f o r m i t y   in  c o l o r   tone   of  t he   c o l o r  

d i s p l a y   l a y e r s .  

F u r t h e r ,   i t   was  c u s t o m a r y   to  employ   a  b a t c h   s y s t e m  

in  w h i c h   the  c o l o r   d i s p l a y   l a y e r   f o r m a t i o n   and  the   h a r -  

d e n i n g   t r e a t m e n t   of  the   c o l o r   d i s p l a y   l a y e r   a re   c a r r i e d  

out   i n d e p e n d e n t l y ,   w i t h   the  r e s u l t   t h a t   i t   was  d i f f i c u l t  

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

l a y e r s   of  u n i f o r m   c o l o r   t o n e .   For  o v e r c o m i n g   the   d i f -  

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



l ong   s t a i n l e s s   s t e e l   s t r i p   c o n t i n u o u s l y   t h r o u g h   an  o x i -  

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

o x i d e   f i l m ,   on  the  s t r i p   and  t h r o u g h   an  e l e c t r o l y t i c  

s o l u t i o n   for   h a r d e n i n g   t he   c o l o r   d i s p l a y   l a y e r .   In  t h e  

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

c u r r e n t   fo r   the   e l e c t r o l y t i c   s o l u t i o n   t e n d s   to  f low  i n t o  

t h e   o x i d i z i n g   s o l u t i o n   t h r o u g h   the  s t a i n l e s s   s t e e l   s t r i p  

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

n a t u r a l   p o t e n t i a l   of  the   s t r i p   and,   t h u s ,   to   c o n t r o l   t h e  

t h i c k n e s s   of  the   o x i d e   f i l m .   In  o t h e r   w o r d s ,   i t   i s  

a b s o l u t e l y   n e c e s s a r y   to  s o l v e   the   a b o v e - n o t e d   p r o b l e m  

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

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

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

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

s t r i p   in  an  o x i d i z i n g   s o l u t i o n ,   in  which  the   p o t e n t i a l  

d i f f e r e n c e   b e t w e e n   the   s t r i p   immersed   in  the   o x i d i x i n g  

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

c o n t r o l l i n g   the  i m m e r s i o n   t i m e   of  the  s t r i p   in  the  s o l i -  

t i o n .  

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

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

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

s t r i p   in  an  o x i d i z i n g   s o l u t i o n ,   c o m p r i s i n g :  

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

t i n u o u s l y   in  an  o x i d i z i n g   s o l u t i o n   for   f o r m i n g   a  c o l o r  

d i s p l a y   l a y e r   on  the   s u r f a c e   of  the  s t r i p ,   t h e r e b y  

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

or  c o l o r   tone   of  the   c o l o r   d i s p l a y   l a y e r   and  the   p o t e n -  

t i a l   d i f f e r e n c e   b e t w e e n   t h e   s t r i p   immersed   in  the  o x i -  

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

c o n t i n u o u s l y   i m m e r s i n g   the  same  k ind   of  s t a i n l e s s  

s t e e l   s t r i p   in  s a i d   o x i d i z i n g   s o l u t i o n   for   f o r m i n g   a  

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

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

c o l o r   d i s p l a y   l a y e r   and  a  d e s i r e d   c o l o r   d i s p l a y   l a y e r  

b e i n g   c o n v e r t e d   to  the  d i f f e r e n c e   in  p o t e n t i a l  



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

f i r s t ,   and  the   i m m e r s i o n   t ime  of  the  s t r i p   in  t he   o x i -  

d i z i n g   s o l u t i o n   b e i n g   c o n t r o l l e d   on  the   b a s i s   of  s a i d  

d i f f e r e n c e   in  p o t e n t i a l   d i f f e r e n c e .  

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

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

l a y e r   on  the   s u r f a c e   of  s t a i n l e s s   s t e e l   s t r i p ,   w h i c h  

c o m p r i s e s ;  

a  t a n k   c o n t a i n i n g   an  o x i d i z i n g   s o l u t i o n   fo r   f o r m i n g  

a  c o l o r   d i s p l a y   l a y e r   on  the  s u r f a c e   of  the   s t r i p ,  

a  means  fo r   m e a s u r i n g   p o t e n t i a l   d i f f e r e n c e   b e t w e e n  

the   s t r i p   and  a  r e f e r e n c e   e l e c t r o d e   i m m e r s e d   in  the   o x i -  

d i z i n g   s o l u t i o n ,  

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

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

d i f f e r e n c e ,  

a  means  fo r   c o n t r o l l i n g   the  i m m e r s i o n   t i m e   on  t h e  

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

a  means  fo r   r i n s i n g   the   c o l o r   d i s p l a y   l a y e r ,  

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

a  means  fo r   c o n d u c t i n g   e l e c t r i c   c u r r e n t   b e t w e e n   t h e  

s t r i p   and  an  e l e c t r o d e   immersed   in  the   h a r d e n i n g   s o l u -  

t i o n ,  

w h e r e i n   the  s t a i n l e s s   s t e e l   s t r i p   i n c l u d e d   i n  

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

s e p a r a t e d   f rom  the   c u r r e n t   c o n d u c t i n g   means   and  a n  

e l e c t r i c   c i r c u i t   is  no t   fo rmed   b e t w e e n   the   s t r i p   a n d  

t he   r e f e r e n c e   e l e c t r o d e   i m m e r s e d   in  t he   o x i d i z i n g   s o l u -  

t i o n   so  as  to  g e n e r a t e   a  p o t e n t i a l   d i f f e r e n c e   t h e r e b e t -  

w e e n .  

T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

the   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   in  c o n -  

j u n c t i o n   w i 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 :  

F i g .   1  is  a  s c h e m a t i c   c r o s s   s e c t i o n a l   v iew  s h o w i n g  

an  a p p a r a t u s   used   f o r   c o n t i n u o u s l y   f o r m i n g   a  c o l o r  

d i s p l a y   l a y e r   on  t he   s u r f a c e   of  a  s t a i n l e s s   s t e e l   s t r i p  

a c c o r d i n g   to  the  m e t h o d   of  t h i s   i n v e n t i o n ;  



F i g .   2  is  a  g r a p h   s h o w i n g   the   r e l a t i o n s h i p   b e t w e e n  

t he   t h i c k n e s s   (or   c o l o r   t o n e )   of  a  c o l o r   d i s p l a y   l a y e r  

and  the   p o t e n t i a l   d i f f e r e n c e   b e t w e e n   the  s t a i n l e s s   s t e e l  

band  i m m e r s e d   in  an  o x i d i z i n g   s o l u t i o n   and  a  r e f e r e n c e  

e l e c t r o d e .  

F i g .   3  is   a  s c h e m a t i c   c r o s s   s e c t i o n a l   v i ew  s h o w i n g  

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

i n v e n t i o n ,   a n d  

F i g .   4  to   6  a r e   s c h e m a t i c   c r o s s   s e c t i o n a l   v i e w s  

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

w i t h   t h i s   i n v e n t i o n .  

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

of  a  s t a i n l e s s   s t e e l   s t r i p   is  p o l i s h e d   by,  f o r   e x a m p l e ,  

b u f f i n g   or  c h e m i c a l   p o l i s h i n g .   In  t h i s   s t e p ,   t he   s u r -  

f a c e   of  t he   s t r i p   may  be  p a t t e r n e d   by  e t c h i n g   o r  

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

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

t he   c o l o r   t o n e   of  the   fo rmed   c o l o r   d i s p l a y   l a y e r .   A f t e r  

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

c l e a n e d   and  w a t e r - w a s h e d   so  as  to  r emove   c o m p l e t e l y   t h e  

o i l   and  f a t   as  w e l l   as  d u s t   f rom  the   s t r i p .   For  t h e  

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

as  i m m e r s i o n   in  an  a l k a l i n e   s o l u t i o n   and  e l e c t r o l y s i s .  

A f t e r   c o m p l e t i o n   of  the   p r e t r e a t m e n t ,   a  s t a i n l e s s  

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

o x i d i z i n g   s o l u t i o n   t a n k   1,  a  w a t e r   t a n k   2,  a  h a r d e n i n g  

s o l u t i o n   t a n k   3  and  a  w a t e r   t a n k   4  as  shown  in  F i g .   1 .  

An  o x i d e   f i l m ,   i . e . ,   c o l o r   d i s p l a y   l a y e r ,   is  f o r m e d   o n  

the   s u r f a c e   of  the   s t r i p   A  w i t h i n   the   t a n k   1  and ,   a f t e r  

w a t e r - w a s h e d   w i t h i n   the   t a n k   2,  h a r d e n e d   w i t h i n   t he   t a n k  

3  by  means   of  e l e c t r o l y s i s .   F i n a l l y ,   the   s t r i p   A  b e a r i n g  

the   h a r d e n e d   c o l o r   d i s p l a y   l a y e r   is  washed   w i t h   w a t e r  

w i t h i n   the   t a n k   4  and  r o l l e d   up.  In  t h i s   f a s h i o n ,   a  

c o l o r   d i s p l a y   l a y e r   is  f o rmed   c o n t i n u o u s l y   on  the   s u r -  

f a c e   of  t he   s t r i p   A. 

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

b i c h r o m a t e   is  used   as  the  o x i d i z i n g   s o l u t i o n .   In  o r d e r  



to   form  a  u n i f o r m   o x i d e   f i l m   on  the   s u r f a c e   of  the   s t r i p  

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

of   450  to  800  g / t   of  s u l f u r i c   a c i d   and  50  to  350  g / t   o f  

c h r o m i c   a c i d .   D e s i r a b l y ,   t he   m i x t u r e   s h o u l d   be  k e p t   a t  

70  to  120°C.   The  t h i c k n e s s   of  the   o x i d e   f i l m   is   c o n -  

t r o l l e d   on  the   b a s i s   of  t he   n a t u r a l   p o t e n t i a l   of  t h e  

s t a i n l e s s   s t e e l   s t r i p   A.  S p e c i f i c a l l y ,   a  r e f e r e n c e   e l e c -  

t r o d e   5  f o rmed   o f ,   f o r   e x a m p l e ,   p l a t i n u m   is   i m m e r s e d   i n  

t h e   o x i d i z i n g   s o l u t i o n   in  a  m a n n e r   to   f a c e   t h e  s t r i p   A. 

F u r t h e r ,   the   r e f e r e n c e   e l e c t r o d e   5  and  t h e   s t r i p   A  a r e  

c o n n e c t e d   to  a  p o t e n t i o m e t e r   7  v i a   l e a d   w i r e s   6  so  as  t o  

f o r m   a  c i r c u i t   8  fo r   m e a s u r i n g   the   p o t e n t i a l   d i f f e r e n c e  

b e t w e e n   the   e l e c t r o d e   5  and  the   s t r i p   A.  N a t u r a l l y ,   t h e  

o x i d e   f i l m   t h i c k n e s s   is  c o n t r o l l e d   on  t he   b a s i s   of  t h e  

i n d i c a t i o n   of  the   p o t e n t i o m e t e r   7.  In  g e n e r a l ,   t h e  

s t r i p   A  is  i m m e r s e d   in  t he   o x i d i z i n g   s o l u t i o n   f o r   a b o u t  

10  m i n u t e s ,   t h o u g h  t h e   i m m e r s i o n   t i m e   d e p e n d s   on  the   d e -  

s i r e d   c o l o r   of  the   c o l o r   d i s p l a y   l a y e r   as  w e l l   as  on  t h e  

t e m p e r a t u r e   and  c o m p o s i t i o n   of  the   o x i d i z i n g   s o l u t i o n  

c o n t a i n i n g   chomic   a c i d   or  p o t a s s i u m   b i c h r o m a t e .   I t  

s h o u l d   be  n o t e d   t h a t   t he   o x i d i z i n g   s o l u t i o n   t a n k   1  i s  

d i s p o s e d   on  a  s u b s t r a t e   10  w i t h   an  i n s u l a t i n g   member  9 

s u c h   as  r u b b e r   i n t e r p o s e d   t h e r e b e t w e e n   so  as  to  e l e c t r i -  

c a l l y   i n s u l a t e   the   s t r i p   A  f rom  the   t a n k   1.  O t h e r w i s e ,  

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

t h e   t a n k   1,  w i t h   the   r e s u l t   t h a t   t he   s t r i p   A  and  t h e  

t a n k   1  a re   a l l o w e d   to  b e a r   t he   same  p o t e n t i a l .   In  t h i s  

c a s e ,   i t   is  of  c o u r s e   i m p o s s i b l e   to  fo rm  an  o x i d e   f i l m  

on  the   s u r f a c e   of  the   s t r i p   A.  The  m a t e r i a l   of  the   t a n k  

1  is  not   p a r t i c u l a r l y   r e s t r i c t e d ,   t h o u g h   a  m e t a l   n o b l e r  

t h a n   the   s t a i n l e s s   s t e e l   s t r i p   A  may  be  u s e d   fo r   f o r m i n g  

t h e   t ank   1 .  

The  i m m e r s i o n   t ime   of  s t r i p   A  in  t he   l i q u o r   i s  

c o n t r o l l e d   on  the   b a s i s   of  the   p o t e n t i a l   d i f f e r e n c e   b e t -  

ween  s t r i p   A  and  a  r e f e r e n c e   e l e c t r o d e   5  f o r m e d   o f ,   f o r  

e x a m p l e ,   p l a t i n u m   and  i m m e r s e d   in  s o l u t i o n .   To  be  m o r e  

s p e c i f i c ,   t he   r e l a t i o n s h i p   b e t w e e n   the   p o t e n t i a l  



d i f f e r e n c e   m e n t i o n e d   above   and  t h e   t h i c k n e s s   or  c o l o r  

t o n e   of  the   c o l o r   d i s p l a y   l a y e r   f o r m e d   on  the  s t a i n l e s s  

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

the   s t r i p   in  t he   s o l u t i o n .   L i n e s   a,  b,  c  shown  in  F i g .   2 

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

be  n o t e d   t h a t   t h e   same  p o t e n t i a l   d i f f e r e n c e   does   n o t  

n e c e s s a r i l y   b r i n g   a b o u t   the   same  t h i c k n e s s   of  the  c o l o r  

d i s p l a y   l a y e r   as  s e e n   f rom  F i g .   2.  T h i s   is  b e c a u s e  

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

the   c o l o r   d i s p l a y   l a y e r   by  the   m a t e r i a l   and  s u r f a c e   c o n -  

d i t i o n   of  the   s t a i n l e s s   s t e e l   s t r i p   as  w e l l   as  by  t h e  

c o m p o s i t i o n   of  the   o x i d i z i n g   s o l u t i o n .   I t   s h o u l d   a l s o  

be  n o t e d ,   h o w e v e r ,   t h a t   the   g r a p h s   of   the   c o l o r   d i s p l a y  

l a y e r   t h i c k n e s s   r e l a t i v e   to  t he   p o t e n t i a l   d i f f e r e n c e   a r e  

i n c l i n e d   a t   a l m o s t   the  same  a n g l e .   In  o t h e r   w o r d s ,   t h e  

d i f f e r e n c e   in  p o t e n t i a l   d i f f e r e n c e   b e t w e e n   two  o p t i o n a l  

c o l o r   t o n e s   of  t he   c o l o r   d i s p l a y   l a y e r   is  c o n s t a n t .   F o r  

e x a m p l e ,   the   d i f f e r e n c e   b e t w e e n   b l u e   and  g r e e n   is  3 .2   mV 

and  the  d i f f e r e n c e   b e t w e e n   b l u e   and  g r e y   is  0.5  mV.  T h e  

r e a s o n   fo r   t h i s   p h e n o m e n o n   is  u n c l e a r .  

A f t e r   p r e p a r a t i o n   of  a  g r a p h   as  shown  in  F ig .   2 ,  

t he   s t a i n l e s s   s t e e l   s t r i p   A  is  c o n t i n u o u s l y   i m m e r s e d   i n  

the   o x i d i z i n g   s o l u t i o n   c o n t a i n e d   in  the   t a n k   1  so  as  t o  

form  a  c o l o r   d i s p l a y   l a y e r   on  t he   s u r f a c e   of  the   s t r i p  

A.  In  t h i s   s t e p ,   the   i m m e r s i o n   t i m e   of  the   s t r i p   in  t h e  

s o l u t i o n   is  s e t   o p t i o n a l l y .   P o t e n t i a l l   d i f f e r e n c e   b e t -  

ween  the  r e f e r e n c e   e l e c t r o d e   5  and  s t r i p   A  d u r i n g   t h e  

o p e r a t i o n   is  m e a s u r e d   t o g e t h e r   w i t h   the   t h i c k n e s s   o r  

c o l o r   t o n e   of  the   fo rmed   c o l o r   d i s p l a y   l a y e r .   T h e n ,  

d i f f e r e n c e   in  p o t e n t i a l   d i f f e r e n c e   b e t w e e n   the  c o l o r  

t o n e   of  the   c o l o r   d i s p l a y   l a y e r   and  a  d e s i r e d   c o l o r   t o n e  

is  d e t e r m i n e d   b a s e d   on  the   g r a p h   of  F i g .   2  so  as  t o  

c o n t r o l   the   i m m e r s i o n   t ime  of  s t r i p   A  in  a  manner   t o  

form  a  c o l o r   d i s p l a y   l a y e r   of  the   d e s i r e d   c o l o r   t o n e .  

S u p p o s e   the   c o l o r   d i s p l a y   l a y e r   a c t u a l l y   fo rmed   is  g r e y  
and  i t   is  d e s i r e d   to  form  a  b l u e   c o l o r   d i s p l a y   l a y e r .  

In  t h i s   c a s e ,   the   d i f f e r e n c e   in  p o t e n t i a l   d i f f e r e n c e   i s  



0.5   mV  as  s e e n   f rom  F i g .   2.  T h u s ,   t he   i m m e r s i o n   t i m e   i s  

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

r e f e r e n c e   e l e c t r o d e   3  and  s t r i p   A  is  made  0.5  mV  s m a l l e r  

t h a n   the  i n i t i a l l y   m e a s u r e d   v a l u e .   Where  i t   is  i n t e n d e d  

to  form  a  g o l d e n   c o l o r   d i s p l a y   l a y e r ,   t he   i m m e r s i o n   t i m e  

is   p r o l o n g e d   such   t h a t   t he   p o t e n t i a l   d i f f e r e n c e   m e n -  

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

by  0 .6  mV  ( d i f f e r e n c e   b e t w e e n   g o l d   and  g r e y   is  0 .6   m V ) .  

A f t e r   the   d e s i r e d   c o l o r   t o n e   has   been   o b t a i n e d ,   t h e  

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

o x i d i z i n g   s o l u t i o n   a t   a  c o n s t a n t   p o t e n t i a l .  

I t   is  p o s s i b l e   to  c o n t r o l   m a n u a l l y ,   the   i m m e r s i o n  

t i m e ,   or  r u n n i n g   s p e e d ,   of  t h e   s t a i n l e s s   s t e e l   s t r i p .  

A l t e r n a t i v e l y ,   the   i m m e r s i o n   t i m e   can  be  c o n t r o l l e d  

a u t o m a t i c a l l y .   In  t h i s   c a s e ,   t h e   d i f f e r e n c e   in  p o t e n -  

t i a l   d i f f e r e n c e   is  a u t o m a t i c a l l y   d e t e c t e d   and  t h e  

d e t e c t e d   s i g n a l   is  s u p p l i e d   to  t he   d r i v i n g   means  of  t h e  

s t a i n l e s s   s t e e l   s t r i p   so  as  to  c o n t r o l   t he   i m m e r s i o n  

t i m e   of  t he   s t r i p   in  the   o x i d i z i n g   s o l u t i o n .  

The  s t a i n l e s s   s t e e l   s t r i p   A  h a v i n g   an  o x i d e   f i l m  

f o r m e d   t h e r e o n   is  washed   w i t h   w a t e r   w i t h i n   the   w a t e r  

t a n k   2  and ,   t h e n ,   i m m e r s e d   in  t he   h a r d e n i n g   s o l u t i o n  

c o n t a i n e d   in  t he   t a n k   3.  The  o x i d e   f i l m   is  h a r d e n e d  

w i t h i n   the   h a r d e n i n g   s o l u t i o n   by  means   of  e l e c t r o l y s i s .  

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

a c i d ,   w h i c h   is   used   as  the   h a r d e n i n g   s o l u t i o n ,   i s  

e l e c t r o l y z e d   so  as  to  a l l o w   t he   m e t a l   c h r o m i u m   a toms   o r  

c h r o m i u m   h y d r o x i d e   l i b e r a t e d   by  the   e l e c t r o l y s i s   to  b i l l  

t he   p o r e s   of  t he   o x i d e   f i l m   and ,   t h u s ,   to  h a r d e n   t h e  

o x i d e   f i l m .   As  shown  in  F i g .   1  a  c u r r e n t   c o n d u c t i n g  

means   14  u t i l i z e d   in  the   e l e c t r o l y s i s   c o m p r i s e s   an  a n o d e  

11  fo rmed   o f ,   f o r   e x a m p l e ,   l e a d ,   w h i c h   is  i m m e r s e d   i n  

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

and  a  DC  power   s o u r c e   13  c o n n e c t e d   b e t w e e n   the  anode   a n d  

c a t h o d e   v i a   l e a d   w i r e s   12.  In  g e n e r a l ,   the   e l e c t r o l y s i s  

i s   p e r f o r m e d   fo r   a b o u t   10  m i n u t e s   u n d e r   a  c u r r e n t   d e n -  

s i t y   of  0 .2   to  0.3  A / d m 2 .  



I t   is  i m p o r t a n t   to  n o t e   t h a t   t he   s t a i n l e s s   s t e e l  

s t r i p   A  i n c l u d e d   in  the  c i r c u i t   8  f o r   m e a s u r i n g   t h e  

n a t u r a l   p o t e n t i a l   of  the  s t r i p   A  is  s e p a r a t e d   from  t h e  

c u r r e n t   c o n d u c t i n g   means  14.  In  o t h e r   w o r d s ,   the   c i r -  

c u i t   8  and  the   c u r r e n t   c o n d u c t i n g   means   14  a re   s e p a r a t e  

f rom  each   o t h e r .   I t   f o l l o w s   t h a t   t he   c u r r e n t   f l o w i n g  

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

c i r c u i t   8,  w i t h   t h e   r e s u l t   t h a t   the   i n d i c a t i o n   of  t h e  

p o t e n t i o m e t e r   7  is  s t a b i l i z e d   and ,   t h u s ,   the   t h i c k n e s s  

of  the  o x i d e   f i l m   f o rmed   on  the  s t r i p   A  can  b e  

c o n t r o l l e d   w i t h o u t   d i f f i c u l t y .   I n c i d e n t a l l y ,   the   s t r i p  

A  is  g u i d e d   by  g u i d e   r o l l e r s   15.  F u r t h e r ,   b o t h   t h e  

s t r i p   A  and  the   s u b s t r a t e   10  are   c o n n e c t e d   to  t he   g r o u n d  

v i a   l e a d   w i r e s   16  and  1 7 .  

F ig .   3  shows  an  a p p a r a t u s   a c c o r d i n g   to  a n o t h e r  

e m b o d i m e n t   of  t h i s   i n v e n t i o n .   The  e m b o d i m e n t   of  F i g .   3 

d i f f e r s   from  the   e m b o d i m e n t   of  F i g .   1  in  the  c o n n e c t i o n  

p o i n t s   of  the   s t a i n l e s s   s t e e l   s t r i p   A  to  the   c i r c u i t   8 

and  to  the  c u r r e n t   c o n d u c t i n g   means  14,  t h o u g h   the  s t r i p  

A  i n c l u d e d   in  the   c i r c u i t   8  is  e l e c t r i c a l l y   s e p a r a t e d  

f rom  the   c u r r e n t   c o n d u c t i n g   means  14  in  F i g .   3  as  i n  

F i g .   1.  To  be  b r i e f ,   i t   is  p o s s i b l e   to  m o d i f y   the   e m b o -  

d i m e n t   of  F ig .   1  as  f a r   as  t he   c i r c u i t   8  for   m e a s u r i n g  

t h e   n a t u r a l   p o t e n t i a l   of  the   s t r i p   A  is   s e p a r a t e   f r o m  

the   e l e c t r o l y t i c   s y s t e m .  

The  s t a i n l e s s   s t e e l   which   can  be  t r e a t e d   by  t h e  

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

a u s t e n i t e   s e r i e s   s t a i n l e s s   s t e e l   such   as  SUS  301,   3 0 2 ,  

304 ,   316,  321  and  f e r r i t e   s e r i e s   s t a i n l e s s   s t e e l   such  a s  

SUS  405,   430,   4 3 4 .  

Example   1 

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

m e t h o d   of  t h i s   i n v e n t i o n .   S p e c i f i c a l l y ,   a  s t a i n l e s s  

s t e e l   s t r i p   of  SUS  304  w i t h   a  p o l i s h e d   s u r f a c e ,   was  

d e g r e a s e d   and  t h e n   p a s s e d   t h r o u g h   an  o x i d i z i n g   l i q u o r  

m a i n t a i n e d   at   89°C  and  c o n s i s t i n g   of  540  g / 1   of  s u l f u r i c  

a c i d   and  240  g / £   of  c h r o m i c   a c i d   a t   a  s p e e d   o f  



70  c m / m i n .   S i n c e   the   e f f e c t i v e   l e n g t h   of  the   t a n k   c o n -  

t a i n i n g   the   s o l u t i o n   was  3 , 5 0 0   mm,  the   i m m e r s i o n   t ime   o f  

t he   s t r i p   in  the  s o l u t i o n   was  5 . 0 m i n u t e s .   A  g r e y   c o l o r  

d i s p l a y   l a y e r   was  f o r m e d   on  t he   s u r f a c e   of  t he   s t r i p .  

F u r t h e r ,   the   p o t e n t i a l   d i f f e r e n c e   b e t w e e n   the   r e f e r e n c e  

e l e c t r o d e   and  the  s t a i n l e s s   s t e e l   s t r i p   was  f o u n d   to  b e  

- 1 9 1 . 6   mV.  Then ,   the   p o t e n t i a l   d i f f e r e n c e   m e n t i o n e d   w a s  

s e t   a t   1 9 2 , 3   mV,  wh ich   is  l o w e r   by  0 .7  mV  t h a n   t h e  

i n i t i a l   v a l u e ,   by  i n c r e a s i n g   t he   s t r i p   r u n n i n g   s p e e d   t o  

82  c m / m i n   so  as  to  form  a  d e s i r e d   b l u e   c o l o r   d i s p l a y  

l a y e r .   I n c i d e n t a l l y ,   d i f f e r e n c e   in  p o t e n t i a l   d i f f e r e n c e  

b e t w e e n   g r e y   and  b l u e   0 .7  mV.  T h e r e a f t e r ,   t h e   s t r i p  

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

p o t e n t i a l   d i f f e r e n c e   a t   - 1 9 2 . 3   mV.  The  r e s u l t a n t  

s t a i n l e s s   s t e e l   s t r i p   had  a  c o l o r   d i s p l a y   l a y e r   of  u n i -  

f o rm  c o l o r   t o n e .  

E x a m p l e   2 

S t a i n l e s s   s t e e l   s t r i p s   were   c o n t i n u o u s l y   t r e a t e d   b y  

u s i n g   an  a p p a r a t u s   as  shown  in  F i g .   1.  A  m i x t u r e   o f  

295  g / i   of  c h r o m i c   a c i d   and  502  g / k   of  s u l f u r i c   a c i d ,  

w h i c h   was  m a i n t a i n e d   at   85°C ,   was  u sed   as  the   o x i d i z i n g  

s o l u t i o n .   A l s o ,   a  m i x t u r e   of  250  g / l   c h r o m i c   a c i d   a n d  

2 .5   g / i   of  p h o s p h o r i c   a c i d   was  u s e d   as  t he   h a r d e n i n g  

s o l u t i o n   and  e l e c t r o l y s i s   was  c a r r i e d   o u t   u n d e r   a  

c u r r e n t   d e n s i t y   of  0.3  A/dm2.   F u r t h e r ,   t he   i m m e r s i o n  

t i m e   of  t he   s t r i p   in  the   h a r d e n i n g   s o l u t i o n   w a s  

10  m i n u t e s .  

The  r u n n i n g   s p e e d   of  one  of  the   s t a i n l e s s   s t e e l  

s t r i p s   t h r o u g h   the   o x i d i z i n g   s o l u t i o n   was  c o n t r o l l e d   i n  

a  m a n n e r   of  form  a  b l u e   c o l o r   d i s p l a y   l a y e r   on  the   s u r -  

f a c e   of  s a i d   s t r i p .   S p e c i f i c a l l y ,   the   r u n n i n g   s p e e d  

m e n t i o n e d   was  c o n t r o l l e d   in  a  m a n n e r   to  a l l o w   the   p o t e n -  

t i o m e t e r   8  to  i n d i c a t e   - 1 8 5 . 0   to  - 1 8 5 . 3   mV.  The  t r e a t -  

men t   was  c o n t i n u e d   for   a b o u t   4  h o u r s ,   w i t h   t he   r e s u l t  

t h a t   t he   e n t i r e   s u r f a c e   of  the   s t r i p   was  c o v e r e d   w i t h   a  

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

In  o r d e r   to  form  a  g o l d e n   c o l o r   d i s p l a y   l a y e r   o n  



the   s u r f a c e   of  the   s t r i p ,   the   r u n n i n g   s p e e d   in  q u e s t i o n  

was  c o n t r o l l e d   in  a n o t h e r   t r e a t m e n t   in  a  manne r   to  a l l o w  

the   p o t e n t i o m e t e r   to  i n d i c a t e   - 1 8 4 . 4   to  - 1 8 4 . 7   mV.  T h e  

t r e a t m e n t   was  c o n t i n u e d   f o r   a b o u t   4  h o u r s ,   w i t h   t h e  

r e s u l t   t h a t   t he   e n t i r e   s u r f a c e   of  the   s t r i p   was  c o v e r e d  

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

In  s t i l l   a n o t h e r   t r e a t m e n t ,   i t   was  i n t e n d e d   to  f o r m  

a  g r e e n   c o l o r   d i s p l a y   l a y e r .   To  t h i s   end ,   the   r u n n i n g  

s p e e d   of  the   s t r i p   t h r o u g h   the   o x i d i z i n g   s o l u t i o n   w a s  

c o n t r o l l e d   in  a  m a n n e r   to  a l l o w   the   p o t e n t i o m e t e r   t o  

i n d i c a t e   - 1 8 2 . 4   to  - 1 8 2 . 7   mV.  The  t r e a t m e n t   was  c o n -  

t i n u e d   for   a b o u t   4  h o u r s ,   w i t h   the  r e s u l t   t h a t   t h e  

e n t i r e   s u r f a c e   of  the   s t r i p   was  c o v e r e d   w i t h   a  g r e e n  
c o l o r   d i s p l a y   l a y e r .  

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

l a y e r   f o rmed   on  t h e   s t a i n l e s s   s t e e l   s t r i p   was  m e a s u r e d  

a t   an  i n t e r v a l   of  2 .5   m  o v e r   a  s t r i p   l e n g t h   of  350  m, 

and  H u n t e r ' s   f o r m u l a   was  a p p l i e d   to  the   c o l o r   t o n e s   t h u s  

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

r e s u l t   t h a t   t he   s t a n d a r d   d e v i a t i o n  @   of  AE  was  1 . 0 1 .  

C o n t r o l   1 

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

in  Example   2  e x c e p t   t h a t   t he   p o t e n t i o m e t e r   8  was  r e m o v e d  

from  the  t r e a t i n g   a p p a r a t u s .  

In  one  of  t he   o p e r a t i o n s ,   the   r u n n i n g   s p e e d   of  t h e  

s t r i p   t h r o u g h   the   o x i d i z i n g   s o l u t i o n   was  s e t   in  a d v a n c e  

in  a  manner   to  fo rm  a  b l u e   c o l o r   d i s p l a y   l a y e r   on  t h e  

s u r f a c e   of  t he   s t r i p .   The  t r e a t m e n t   was  c o n t i n u e d   f o r  

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

m e n t i o n e d   a b o v e .   The  c o l o r   d i s p l a y   l a y e r   fo rmed   in  t h e  

l a t e   s t a g e   of  the   t r e a t m e n t   was  found   to  be  s o m e w h a t  

r e d d i s h .   The  c h a n g e   in  c o m p o s i t i o n   of  the   o x i d i z i n g  

s o l u t i o n   c a u s e d   by  e v a p o r t i o n ,   e t c .   is  t h o u g h t   to  h a v e  

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

l a y e r .  

In  a n o t h e r   o p e r a t i o n ,   the   s t r i p   r u n n i n g   s p e e d   w a s  

s e t   in  a  m a n n e r   to  form  a  g o l d e n   c o l o r   d i s p l a y   l a y e r   o n  



t h e   s t r i p   and  the   t r e a t m e n t   was  c o n t i n u e d   fo r   4  h o u r s ,  

m a i n t a i n i n g   c o n s t a n t   the   s t r i p   r u n n i n g   s p e e d .   As  i n  

E x a m p l e   2,  a  c o l o r   d i f f e r e n c e   AE  of  t he   r e s u l t a n t   c o l o r  

d i s p l a y   l a y e r   was  d e t e r m i n e d   by  H u n t e r ' s   f o r m u l a .   T h e  

s t a n d a r d   d e v i a t i o n   6  was  found  to  be  as  l a r g e   as  1 .83   i n  

c o n t r a s t   to  1 . 01   fo r   Example   2.  T h i s   s u b s t a n t i a t e s   t h a t  

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

s t a i n l e s s   s t e e l   s t r i p   and  the   r e f e r e n c e   e l e c t r o d e  

i m m e r s e d   in  the   o x i d i z i n g   s o l u t i o n   i s   v e r y   i m p o r t a n t   f o r  

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

C o n t r o l   2 

S t a i n l e s s   s t e e l   s t r i p s   were  t r e a t e d   as  in  Example   2 

e x c e p t   t h a t   the   o x i d i z i n g   s o l u t i o n   t a n k   1  was  d i r e c t l y  

c o n n e c t e d   e l e c t r i c a l l y   to  the   g r o u n d .   N a t u r a l l y ,   a n  

e l e c t r i c   c i r c u i t   was  f o rmed   b e t w e e n   t h e   t a n k   1  and  t h e  

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

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

An  a d d i t i o n a l   t r e a t m e n t   was  c o n d u c t e d   as  i n  

E x a m p l e   2  e x c e p t   t h a t   an  a p p a r a t u s   as  shown  in  F i g .   3 

was  u sed   in  p l a c e   of  the   a p p a r a t u s   shown  in  F i g .   1.  I n  

t h i s   c a s e ,   h o w e v e r ,   t he   o x i d i z i n g   s o l u t i o n   t a n k   1  w a s  

d i r e c t l y   d i s p o s e d   on  the   s u b s t r a t e   10;  n a m e l y ,   the   i n s u -  

l a t i n g   member  9  d i s p o s e d   b e t w e e n   the   t a n k   1  and  t h e  

s u b s t r a t e   10  was  r e m o v e d   in  t h i s   e x p e r i m e n t .   A  c o l o r  

d i s p l a y   l a y e r   was  no t   f o rmed   a t   a l l   on  t h e   s u r f a c e   o f  

t he   t r e a t e d   s t a i n l e s s   s t e e l   s t r i p .  

C o n t r o l   3 

An  a p p a r a t u s   as  shown  in  F i g .   4  was  used   fo r   c o n -  

t i n u o u s l y   t r e a t i n g   a  s t a i n l e s s   s t e e l   s t r i p .   I t   i s  

i m p o r t a n t   to  n o t e   t h a t ,   in  the  a p p a r a t u s   of  F ig .   4,  t h e  

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

c i r c u i t   8  is  a l s o   i n c l u d e d   in  the  c u r r e n t   c o n d u c t i n g  

means   1 4 .  

D u r i n g   the   t r e a t m e n t ,   the  i n d i c a t i o n   of  the  p o t e n -  

t i o m e t e r   7  was  g r e a t l y   v i b r a t e d   o v e r   a  r a n g e   of  s e v e r a l  

m i l l i - v o l t s   b e c a u s e   of  the  i n f l u e n c e   g i v e n   by  t h e  

c u r r e n t   f l o w i n g   in  the   e l e c t r o l y t i e   s y s t e m ,   mak ing   i t  



d i f f i c u l t   to  c o n t r o l   the   e l e c t r i c   p o t e n t i a l ,   w i th   t h e  

r e s u l t   t h a t   the  c o l o r   d i s p l a y   l a y e r   f o r m e d   on  the   s u r -  

f a c e   of  the  s t r i p   was  q u i t e   n o n - u n i f o r m   in  c o l o r   t o n e .  

L i k e w i s e ,   an  a p p a r a t u s   as  shown  in  F i g .   5  was  u s e d  

fo r   c o n t i n u o u s l y   t r e a t i n g   a  s t a i n l e s s   s t e e l   s t r i p .   I n  

t h i s   c a s e ,   i t   was  i m p o s s i b l e   to  r e c o g n i z e   the  i n d i c a t i o n  

of  the  p o t e n t i o m e t e r   7  b e c a u s e   of  the   i n f l u e n c e   g i v e n   b y  

t he   c u r r e n t   f l o w i n g   in  the   e l e c t r o l y t i c   s y s t e m .   Of 

c o u r s e ,   i t   was  s u b s t a n t i a l l y   i m p o s s i b l e   to  c o n t r o l   t h e  

c o l o r   t one   of  the   c o l o r   d i s p l a y   l a y e r   f o r m e d   on  t h e  

s t r i p .  

F u r t h e r ,   an  a p p a r a t u s   as  shown  in  F i g .   6  was  u s e d  

f o r   c o n t i n u o u s l y   t r e a t i n g   a  s t a i n l e s s   s t e e l   s t r i p .   As 

a p p a r e n t   from  the   d r a w i n g ,   the   t a k e - u p   r o l l   as  w e l l   a s  

the   f eed   r o l l   was  e l e c t r i c a l l y   c o n n e c t e d   to  the  g r o u n d  

in  the  a p p a r a t u s   u s e d .   In  t h i s   c a s e ,   t he   i n d i c a t i o n   o f  

t he   p o t e n t i o m e t e r   7  was  v i b r a t e d   o v e r   a  r a n g e   of  s e v e r a l  

m i l l i - v o l t s   b e c a u s e   of  t he   i n f l u e n c e   of  the   c u r r e n t  

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

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

s t r i p   was  q u i t e   n o n - u n i f o r m .  

I t   is  i m p o r t a n t   to  n o t e   t h a t ,   in  the   p r e s e n t   i n v e n -  

t i o n ,   the  s t a i n l e s s   s t e e l   s t r i p   i n c l u d e d   in  the  c i r c u i t  

fo r   m e a s u r i n g   the  n a t u r a l   p o t e n t i a l   is  e l e c t r i c a l l y  

s e p a r a t e d   from  the   c u r r e n t   c o n d u c t i n g   m e a n s .   Thus ,   t h e  

n a t u r a l   p o t e n t i a l - m e a s u r i n g   c i r c u i t   is  no t   i n f l u e n c e d   b y  
t he   c u r r n t   c o n d u c t i n g   m e a n s ,   w i t h   the   r e s u l t   t h a t   t h e  

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

s t r i p   can  be  c o n t r o l l e d   s t a b l y .   I t   f o l l o w s   t h a t   t h e  

me thod   and  a p p a r a t u s   of  t h i s   i n v e n t i o n   p e r m i t   c o n -  

t i n u o u s l y   t r e a t i n g   a  l ong   s t a i n l e s s   s t e e l   s t r i p   so  as  t o  

form  a  c o l o r   d i s p l a y   l a y e r   of  a  u n i f o r m   c o l o r   tone   on  

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

As  d e s c r i b e d   above   in  d e t a i l ,   t h i s   i n v e n t i o n   i s  

b a s e d   on  the  f i n d i n g   t h a t   the   t h i c k n e s s   (or  c o l o r   t o n e )  

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

p o t e n t i a l   d i f f e r e n c e   b e t w e e n   the   s t a i n l e s s   s t e e l   s t r i p  



i m m e r s e d   in  the  o x i d i z i n g   s o l u t i o n   and  the   r e f e r e n c e  

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

d i s p l a y   l a y e r   on  the   s u r f a c e   of  a  s t a i n l e s s   s t e e l   s t r i p .  

S p e c i f i c a l l y ,   the   p a r t i c u l a r   r e l a t i o n s h i p   b e t w e e n   t h e  

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

is   u t i l i z e d   fo r   c o n t r o l l i n g   the   i m m e r s i o n   t ime  of  t h e  

s t a i n l e s s   s t e e l   s t r i p   in  t he   o x i d i z i n g   s o l u t i o n .   T h i s  

r e n d e r s   i t   p o s s i b l e   to  c o n t r o l   t he   i m m e r s i o n   t i m e  

a c c u r a t e l y   and  to  form  a  c o l o r   d i s p l a y   l a y e r   of  u n i f o r m  

c o l o r   t o n e .   In  a d d i t i o n ,   the   i m m e r s i o n   t i m e   can  b e  

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

In  the   p r o c e s s   d e s c r i b e d   a b o v e ,   a  m i x t u r e   o f  

s u l f u r i c   a c i d   and  c h r o m i c   a c i d   is  u s e d   as  the  o x i d i z i n g  

s o l u t i o n .   H o w e v e r ,   i t   is  p o s s i b l e   to  use  a  d i f f e r e n t  

o x i d i z i n g   s o l u t i o n   in  the  m e t h o d   of  t h i s   i n v e n t i o n .  



1.  A  me thod   of  c o n t i n u o u s l y   f o r m i n g   a  c o l o r  

d i s p l a y   l a y e r   on  the   s u r f a c e   of  a  s t a i n l e s s   s t e e l   s t r i p  

(A)  by  i m m e r s i n g   the   s t r i p   in  an  o x i d i z i n g   s o l u t i o n  

c o m p r i s i n g :  

t e n t a t i v e l y   i m m e r s i n g   a  s t a i n l e s s   s t e e l   s t r i p   (A) 

c o n t i n u o u s l y   in  an  o x i d i z i n g   s o l u t i o n   fo r   f o r m i n g   a  

c o l o r   d i s p l a y   l a y e r   on  the   s u r f a c e   of  s t r i p   (A) ,   t h e r e b y  

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

or  c o l o r   t o n e   of  the   c o l o r   d i s p l a y   l a y e r   and  t h e   p o t e n -  

t i a l   d i f f e r e n c e   b e t w e e n   s t r i p   (A)  immersed   in  t h e   o x i -  

d i z i n g   s o l u t i o n   and  a  r e f e r e n c e   e l e c t r o d e   ( 5 ) ;   a n d  

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

s t e e l   s t r i p   (A)  in  s a i d   o x i d i z i n g   s o l u t i o n   f o r   f o r m i n g   a  

c o l o r   d i s p l a y   l a y e r   on  the   s u r f a c e   of  s a i d   s t r i p   (A) ,   t h e  

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

c o l o r   d i a p l a y   l a y e r   and  a  d e s i r e d   c o l o r   d i s p l a y   l a y e r  

b e i n g   c o v e r t e d   to  the   d i f f e r e n c e   in  p o t e n t i a l   d i f f e r e n c e  

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

i m m e r s i o n   t ime   of  s t r i p   in  t he   o x i d i z i n g   s o l u t i o n   b e i n g  

c o n t r o l l e d   on  the  b a s i s   of  s a i d   d i f f e r e n c e   in  p o t e n t i a l  

d i f f e r e n c e .  

2.  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   t h e  

o x i d i z i n g   s o l u t i o n   c o n s i s t s   of  4 5 0  -   800  g / t   of  s u l f u r i c  

a c i d   and  5 0  -   350  g/.Z  of  c h r o m i c   a c i d   or  b i c h r o m a t e .  

3.  The  me thod   a c c o r d i n g   to  c l a i m   2,  w h e r e i n   t h e  

o x i d i z i n g   s o l u t i o n   is  m a i n t a i n e d   a t   70  to  1 2 0 ° C .  

4.  The  me thod   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1  t o  

3,  w h e r e i n   e i t h e r   o n e  o f   t h e   s t a i n l e s s   s t e e l   s t r i p   (A) 

and  a  v e s s e l   (1)  c o n t a i n i n g   the   o x i d i z i n g   s o l u t i o n   i s  

i n s u l a t e d   from  the  g r o u n d .  

5.  Method  of  c o n t i n u o u s l y   f o r m i n g   c o l o r   d i s p l a y  

l a y e r   on  s t a i n l e s s   s t e e l   s t r i p   (A),  as  s u b s t a n t i a l l y  

d e s c r i b e d   h e r e i n   w i t h   r e f e r e n c e   to  the  a c c o m p a n y i n g  

d r a w i n g s .  

6.  An  a p p a r a t u s   fo r   c o n t i n u o u s l y   f o r m i n g   a  c o l o r  



d i s p l a y   l a y e r   on  the   s u r f a c e   of  a  s t a i n l e s s   s t e e l   s t r i p  

(A),   c o m p r i s i n g ;  

a  t a n k   c o n t a i n i n g   an  o x i d i z i n g   s o l u t i o n   fo r   f o r m i n g  

a  c o l o r   d i s p l a y   l a y e r   on  the   s u r f a c e   of  the   s t r i p   ( A ) ,  

a  means  f o r   m e a s u r i n g   the   p o t e n t i a l   d i f f e r e n c e   b e t -  

ween  the  s t r i p   (A)  and  a  r e f e r e n c e   e l e c t r o d e   ( 5 )  

i m m e r s e d   in  t he   o x i d i z i n g   s o l u t i o n ,  

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

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

d i f f e r e n c e ,  

a  means  f o r   c o n t r o l l i n g   the   i m m e r s i o n   t ime   on  t h e  

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

a  means  f o r   r i n s i n g   the   c o l o r   d i s p l a y   l a y e r ,  

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

a  means   f o r   c o n d u c t i n g   an  e l e c t r i c   c u r r e n t   b e t w e e n  

the   s t r i p   and  an  e l e c t r o d e   (11)  i m m e r s e d   in  the   h a r -  

d e n i n g   s o l u t i o n ,  

w h e r e i n   t h e   s t a i n l e s s   s t e e l   s t r i p   (A)  i n c l u d e d   i n  

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

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

e l e c t r i c   c i r c u i t   is   no t   f o r m e d   b e t w e e n   the   s t r i p   (A)  a n d  

the  r e f e r e n c e   e l e c t r o d e   (5)  i m m e r s e d   in  t he   o x i d i z i n g  

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

b e t w e e n .  
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