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<54)  Process  for  producing  a  multilayer-coated  strip  having  excellent  corrosion  resistance  and  weldability  and  useful  for 
containers. 

©  A  multilayer-coated  steel  strip  having  an  excellent  cor- 
rosion  resistance  and  weldability  and  useful  for  cans  and 
containers  is  produced  by  a  process  in  which  a  steel  strip 
substrate  is  plated  with  nickel  or  a  nickel-based  alloy  to  \ 
form  nickel  based  coating  layers  each  having  an  average 
amount  of  2  to  10  mg/m2,  provided  with  a  number  of  convex  -|  
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/ / / / / / / / / / / / / / / / / / / / / / / /  and  concave  portions  thereof,  portions  of  which  layers  hav-  / / / / / / / / / / / / / / / / / / / / / / / / / /  
ing  a  coating  thickness  of  0.001  urn  or  more  have  a  total 
area  corresponding  to  10  to  90%  of  the  entire  area  of  the 
surfaces  of  the  substrate;  the  nickel  based  plated  substrate 
is  coated  with  tin  to  form  tin  coating  layers  on  the  nickel- 
based  coating  layers,  each  of  which  tin  coating  layers  has 
an  average  amount  of  200  to  2000  mg/m2;  the  resultant  pre- 
cursory  coated  steel  strip  is  heated  at  a  temperature  equal 
to  or  higher  than  the  melting  point  of  tin  to  convert  the  nick- 
el-based  coating  layers  and  the  tin  coating  layers  to  base 
coating  layers  consisting  essentially  of  an  Fe-Ni-Sn-based 
alloy  and  having  a  number  of  convex  and  concave  portions 
thereof,  and  intermediate  coating  layers  formed  on  the  base 
coating  layers,  consisting  essentially  of  tin  and  having  a 
number  of  convex  and  concave  protions  thereof;  and  then 
an  electrolytic  chromate  treatment  is  applied  onto  the  inter- 
mediate  tin  coating  layers  to  form  surface  coating  layers 
consisting  of  electrolysed  chromate. 
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PROCESS  FOR  PRODUCING  A  MULTILAYER-COATED  STEEL  S T R I P  
HAVING  EXCELLENT  CORROSION  RESISTANCE  AND 

WELDABILITY  AND  USEFUL  FOR  CONTAINERS 

BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   o f   t h e   I n v e n t i o n  

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

5  e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e   and  w e l d a b i l i t y   a n d  
u s e f u l   f o r   p r o d u c i n g   c o n t a i n e r s .   More  p a r t i c u l a r l y ,   t h e  
p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   f o r   p r o d u c i n g   a  
m u l t i l a y e r - c o a t e d   s t e e l   s t r i p   h a v i n g   an  e x c e l l e n t  
c o r r o s i o n   r e s i s t a n c e   and  seam  w e l d a b i l i t y ,   and  t h u s   i s  

10  u s e f u l   as  a  s t e e l   m a t e r i a l   f o r   f o r m i n g   c y l i n d r i c a l  
p o r t i o n s   o f   c a n s   by  a  seam  w e l d i n g   p r o c e d u r e .  

2.  D e s c r i p t i o n   of   t h e   R e l a t e d   A r t  
I t   i s   known  t h a t   an  e l e c t r o l y t i c   t i n - p l a t e  

s t e e l   s t r i p   ( t i n p l a t e )   ,  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 e d  
15  s t e e l   s t r i p   (TFS-CT)   ,  and  an  e l e c t r o l y t i c   n i c k e l - p l a t e d  

s t e e l   s t r i p   (TFS-NT)  a r e   u s a b l e   in   t h e   p r o d u c t i o n   o f  
t h r e e   p i e c e   c a n s   by  s o l d e r i n g ,   b o n d - b o n d i n g ,   o r   s e a m  
w e l d i n g .  

F o r m e r l y ,   t i n p l a t e   was  m o s t   w i d e l y   u s e d   as  a  
20  s t e e l   m a t e r i a l   f o r   p r o d u c i n g   c a n s ,   b u t   c o n v e n t i o n a l  

t i n p l a t e   i s   n o t   a l w a y s   s a t i s f a c t o r y   in   v i e w   o f   t h e  
p r i c e   t h e r e o f .   T h e r e f o r e ,   in   o r d e r   to   r e d u c e   t h e  
c a n - p r o d u c i n g   c o s t ,   a t t e m p t s   h a v e   b e e n   made  to   r e d u c e  
t h e   t h i c k n e s s   o f   t h e   t i n   c o a t i n g   l a y e r   on  t h e   s t e e l  

25  s t r i p ,   and  to   u t i l i z e   a  s e a m - w e l d i n g   m e t h o d   i n s t e a d   o f  
t h e   c o n v e n t i o n a l   s o l d e r i n g   m e t h o d   f o r   t h e   t i n p l a t e .   I t  
h a s   b e e n   f o u n d ,   h o w e v e r ,   t h a t   when  t h e   t h i c k n e s s   of   t h e  
t i n   c o a t i n g   l a y e r   in   t h e   t i n p l a t e   i s   r e d u c e d   to   a  l e v e l  
of   0 . 2 0   ym  or   l e s s ,   t h e   r e s u l t a n t   t i n p l a t e   e x h i b i t s   a  

30  d e t e r i o r a t e d   p a i n t   c o r r o s i o n   r e s i s t a n c e   and  a  r e d u c e d  
seam  w e l d a b i l i t y .  

The  c o n v e n t i o n a l   TFS-NT  s o m e t i m e s   u s e d   as  a  
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s t e e l   m a t e r i a l   f o r   p r o d u c i n g   s e a m - w e l d e d   c a n s   u s u a l l y  

e x h i b i t s   a  s a t i s f a c t o r y   seam  w e l d a b i l i t y ,   b u t   t h i s  

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

A l s o ,   t h e   c o n v e n t i o n a l   TFS-NT  h a s   a  s a t i s f a c t o r y   p a i n t  

5  c o r r o s i o n   r e s i s t a n c e   in   u s u a l   u s e ,   b u t   t h e   l e v e l   of   t h e  

p a i n t   c o r r o s i o n   r e s i s t a n c e   i s   n o t   a l w a y s   s a t i s f a c t o r y  

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

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

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

10  p r o v i s i o n   of   a  s u r f a c e - c o a t e d   s t e e l   s t r i p   w h i c h   i s   c h e a p  

and  h a s   an  e x c e l l e n t   p a i n t   c o r r o s i o n   r e s i s t a n c e   and  s e a m  

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

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

J a p a n e s e   U n e x a m i n e d   P a t e n t   P u b l i c a t i o n   ( K o k a i )  

15  No.  6 0 - 7 5 5 8 6   d i s c l o s e s   a  p r o c e s s   f o r   p r o d u c i n g   a  c o a t e d  

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

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

s t e e l   s t r i p   i s   t h e n   p l a t e d   w i t h   t i n .   When  t h e   n i c k e l  

and   t i n   c o a t e d - s t e e l   s t r i p   i s   h e a t   t r e a t e d ,   and  t h e   t i n  

20  c o a t i n g   l a y e r   i s   c o n v e r t e d   to   an  F e - S n   a l l o y   l a y e r ,   t h e  

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

c a u s e s   t h e   s t r u c t u r e   of   t h e   F e - S n   a l l o y   l a y e r   to   e x h i b i t  

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

s t e e l   s t r i p   e x h i b i t s   an  i m p r o v e d   c o r r o s i o n   r e s i s t a n c e .  

25  A l s o ,   t h e   p r e s e n c e   of   t h e   n i c k e l   c o a t i n g   l a y e r  

i s   e f f e c t i v e   f o r   r e s t r i c t i n g   t h e   F e - S n   a l l o y - f o r m i n g  

r e a c t i o n   in   t h e   h e a t - t r e a t m e n t ,   and  t h u s   t h e   r e s u l t a n t  

c o a t e d   s t e e l   e x h i b i t s   an  e n h a n c e d   seam  w e l d a b i l i t y .  

F u r t h e r ,   t h e   i n v e n t o r s   o f   t h e   p r e s e n t   i n v e n t i o n   h a v e  

30  f o u n d   t h a t   t h e   p r o p e r t i e s ,   f o r   e x a m p l e ,   seam  w e l d a b i l i t y  

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

u s a b l e   as  a  s t e e l   m a t e r i a l   f o r   seam  w e l d e d   c a n s ,   v a r y  

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

o v e r   t h e   s u r f a c e   of  a  s t e e l   s t r i p   s u b s t r a t e .   T h a t   i s ,  

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

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

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

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

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

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

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

c o a t i n g   l a y e r .   H o w e v e r ,   i t   i s   v e r y   d i f f i c u l t   to   c o n t r o l  

t h e   t h i c k n e s s   o f   t h e   u n e v e n n e s s   of   t h e   t h i n   t i n   c o a t i n g  

10  l a y e r   to   a  p r e d e t e r m i n e d   l e v e l ,   and  to   p r o d u c e   a  c o a t e d  

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

F u j i m o t o   e t   a l ,   " I r o n   and  S t e e l " ,   v o l .   72,  No.  5 ,  

p a g e   39.  1986  d i s c l o s e s   t h a t ,   in  o r d e r   to   p r o v i d e   a  t i n  

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

r e p r o d u c t i v i t y ,   i t   i s   e f f e c t i v e   to   a p p l y   an  a n o d i c  

e l e c t r o l y t i c   t r e a t m e n t   to   t h e   s t e e l   s t r i p   in  an  a l k a l i n e  

t r e a t i n g   l i q u i d   b e f o r e   t h e   n i c k e l - p l a t i n g   s t e p .   A l s o ,  
i t   i s   known  t h a t ,   when  a  t i n - c o a t e d   s t e e l   s t r i p   i s  

20  s u b j e c t e d   to   a  f l u x   t r e a t m e n t ,   t h e   u n e v e n n e s s   in   t h e  

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

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

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

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

v i e w p o i n t   o f   c o r r o s i o n   r e s i s t a n c e   and  w e l d a b i l i t y .  
SUMMARY  OF  THE  INVENTION 

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

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

30  h a v i n g   an  e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e   and  w e l d a b i l i t y  
and  u s e f u l   f o r   p r o d u c i n g   c a n s   or   c o n t a i n e r s   w i t h   a n  
i m p r o v e d   r e p r o d u c t i v i t y .  

The  a b o v e - m e n t i o n e d   o b j e c t   can   be  a t t a i n e d   by  t h e  

p r o c e s s   o f   t h e   p r e s e n t   i n v e n t i o n   w h i c h   c o m p r i s e s   t h e  

35  s t e p s   of   (A)  p l a t i n g   a  s u b s t r a t e   c o n s i s t i n g   of   a  s t e e l  

s t r i p   w i t h   m e t a l l i c   n i c k e l   or   a  n i c k e l - b a s e d   a l l o y   t o  
f o r m ,   on  b o t h   t h e   u p p e r   and  l o w e r   s u r f a c e s   of   t h e  
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s u b s t r a t e ,   n i c k e l - b a s e d   c o a t i n g   l a y e r ,   e a c h   of   w h i c h  
2 

l a y e r s   i s   c o a t e d   in   an  a v e r a g e   a m o u n t   of   2  t o   100  m g / m  

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

p o r t i o n s ,   and  in   w h i c h   l a y e r   p o r t i o n s   t h e r e o f   h a v i n g   a  

5  c o a t i n g   t h i c k n e s s   of   0 . 0 0 1   ym  or   more   h a v e   a  t o t a l   a r e a  

c o r r e s p o n d i n g   to   10%  to   95%  of   t h e   e n t i r e   a r e a   of   t h e  

s u r f a c e s   o f   t h e   s u b s t r a t e ;   (B)  c o a t i n g   t h e   n i c k e l - b a s e d  

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

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

10  c o a t i n g   l a y e r s   i s   c o a t e d   in   an  a v e r a g e   a m o u n t   of   200  t o  

2000  mg/m  ,  t o   p r o v i d e   a  p r e c u r s o r y   c o a t e d   s t e e l  

s t r i p ;   (C)  h e a t i n g   t h e   p r e c u r s o r y   c o a t e d   s t e e l   s t r i p   a t  

a  t e m p e r a t u r e   e q u a l   to   or   h i g h e r   t h a n   t h e   m e l t i n g   p o i n t  

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

15  c o a t i n g   l a y e r s   and  t h e   t i n   c o a t i n g   l a y e r s   to   be  c o n -  

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

t h e   u p p e r   and   l o w e r   s u r f a c e s   of   t h e   s u b s t r a t e ,   c o n -  

s i s t i n g   e s s e n t i a l l y   of   an  F e - N i - S n - b a s e d   a l l o y   a n d  

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

20  i n t e r m e d i a t e   c o a t i n g   l a y e r s ,   w h i c h   a r e   l o c a t e d   on  t h e  

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

h a v i n g   a  n u m b e r   of   c o n v e x   and  c o n c a v e   p o r t i o n s ;   and  (D) 

a p p l y i n g   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   to   t h e  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   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 e w   of   a n  

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

30  s t r i p   s u b s t r a t e   in   t h e   f i r s t   s t e p   of   t h e   p r o c e s s   of   t h e  

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

F i g .   2  i s   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 e w   o f  

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

a  s t e e l   s t r i p   s u b s t r a t e   in   t h e   f i r s t   s t e p   of   t h e   p r o c e s s  

35  o f   t h e   p r e s e n t   i n v e n t i o n ;   a n d ,  

F i g .   3A  to   3C  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  

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

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

In  t h e   f i r s t   s t e p   o f   t h e   p r e s e n t   i n v e n t i o n ,   a  
5  s u b s t r a t e   c o n s i s t i n g   of   a  s t e e l   s t r i p   to   be  m u l t i l a y e r -  

c o a t e d   i s   p l a t e d   w i t h   n i c k e l   or   a  n i c k e l - b a s e d   a l l o y   t o  
fo rm  n i c k e l - b a s e d   c o a t i n g   l a y e r s   on  b o t h   t h e   u p p e r   a n d  
l o w e r   s u r f a c e s   o f   t h e   s u b s t r a t e   to   an  e x t e n t   s u c h   t h a t  
t h e   r e s u l t a n t   n i c k e l - b a s e d   c o a t i n g   l a y e r s   a r e   c o a t e d   i n  

10  a  s m a l l   a v e r a g e   a m o u n t   o f   f r o m   2  to   100  mg/m  ,  p r e f e r a b l y  
f rom  5  to   100  mg/m  ,  p e r   s u r f a c e   of   t h e   s u b s t r a t e   a n d  
h a v e   an  u n e v e n   t h i c k n e s s   d i s t r i b u t i o n ,   so  as  to   p r o v i d e  
a  n u m b e r   of   c o n v e x   and  c o n c a v e   p o r t i o n s   p r e f e r a b l y  
s u b s t a n t i a l l y   e v e n l y   d i s t r i b u t e d   in   t h e   l a y e r .  

15  T h a t   i s ,   t h e   u n e v e n   n i c k e l   b a s e d   c o a t i n g   l a y e r   m a y  
b e ,   as  shown  in  F i g .   2,  in   t h e   f o rm  of   a  l a n d   h a v i n g   a  
n u m b e r   of   m o u n t a i n s   and   h i l l s   c o r r e s p o n d i n g   to   t h e  

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

20  h i l l s ,   l a k e s ,   and  v a l l e y s   a r e   s u b s t a n t i a l l y   e v e n l y  
d i s t r i b u t e d   in   t h e   l a n d .   Some  of   t h e   l a k e s   and  v a l l e y s  
( c o n c a v e   p o r t i o n s )   may  h a v e   b o t t o m s   t h e r e o f   f o r m e d   b y  

n i c k e l   or   a  n i c k e l - b a s e d   a l l o y   p l a t e d   on  t h e   s u b s t r a t e  
s u r f a c e s .   A l s o ,   in   t h e   b o t t o m s   of   o t h e r   l a k e s   a n d  

25  v a l l e y s   ( c o n c a v e   p o r t i o n s )   ,  p o r t i o n s   of   t h e   s u b s t r a t e  
s u r f a c e s   may  be  e x p o s e d   to   t h e   o u t s i d e .   T h a t   i s ,   t h e  
n i c k e l - b a s e d   c o a t i n g   l a y e r   may  i n c o m p l e t e l y   c o v e r   t h e  
s u r f a c e s   o f   t h e   s u b s t r a t e .  

A l t e r n a t i v e l y ,   t h e   u n e v e n   n i c k e l - b a s e d   c o a t i n g  
30  l a y e r   may  b e ,   as  shown  in   F i g .   2,  in   t h e   fo rm  of   a  

n u m b e r   of   i s l a n d s   c o r r e s p o n d i n g   to   t h e   c o n v e x   p o r t i o n s ,  
c o n s i s t i n g   of   n i c k e l   or   t h e   n i c k e l - b a s e d   a l l o y   a n d  

p r e f e r a b l y   s u b s t a n t i a l l y   e v e n l y   d i s t r i b u t e d   in   one  o r  
more   s e a s   c o r r e s p o n d i n g   to   t h e   c o n c a v e   p o r t i o n s   c o n n e c t e d  

35  t o   e a c h   o t h e r .   Some  of   t h e   i s l a n d   p o r t i o n s   may  be  i n  
t h e   a b o v e - m e n t i o n e d   f o r m   of   a  l a n d   h a v i n g   a  n u m b e r   o f  

m o u n t a i n s ,   h i l l s ,   l a k e s ,   and  v a l l e y s .   In  t h e   b o t t o m s   o f  
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t h e   s e a   p o r t i o n s   o f   t h e   n i c k e l - b a s e d   c o a t i n g   l a y e r ,   t h e  

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

e x p o s e d   to   t h e   o u t s i d e .  

R e f e r r i n g   to   F i g .   1,  a  s u r f a c e   of   a  s t e e l   s t r i p  

5  s u b s t r a t e   1  i s   c o a t e d   w i t h   an  u n e v e n   n i c k e l - b a s e d  

c o a t i n g   l a y e r   2  h a v i n g   c o n v e x   p o r t i o n s   2a  and  c o n c a v e  

p o r t i o n s   2 b .  

In  F i g .   2,  a  s u r f a c e   of   a  s t e e l   s t r i p   s u b s t r a t e   1 

i s   c o a t e d   w i t h   an  i s l a n d s - i n - s e a   t y p e   n i c k e l - b a s e d  

10  c o a t i n g   l a y e r   2  c o n s i s t i n g   of   a  p l u r a l i t y   of   i s l a n d -  

f o r m e d   n i c k e l - b a s e d   c o a t i n g   d e p o s i t s   2c  s e p a r a t e d   f r o m  

e a c h   o t h e r .   P o r t i o n s   l a   o f   t h e   s u r f a c e   of   t h e   s u b s t r a t e  

1  a r e   e x p o s e d   to   t h e   o u t s i d e   b u t   n o t   c o a t e d   w i t h   t h e  

n i c k e l - b a s e d   c o a t i n g   d e p o s i t .  

25  The  c o a t i n g   t h i c k n e s s e s   of   t h e   c o n v e x   p o r t i o n s ,  

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

t o   t h e   p e a k s   of   t h e   c o n v e x   p o r t i o n s ,   may  be  d i f f e r e n t .  

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

t h a t   i s ,   t h e   t h i c k n e s s   b e t w e e n   t h e   s u r f a c e   of   t h e  

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

be  d i f f e r e n t .  

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

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

a  c o a t i n g   t h i c k n e s s   of   0 . 0 0 1   ym  or   more   m u s t   be  c o a t e d  

25  to   a  l e v e l   c o r r e s p o n d i n g   to   10%  to   95%,  p r e f e r a b l y ,   10% 

to   90%,  o f   t h e   e n t i r e   a r e a   o f   t h e   s u r f a c e s   of   t h e  

s u b s t r a t e   to   be  c o a t e d .   A l s o ,   p r e f e r a b l y   t h e   c o n v e x   a n d  

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

l a y e r s   s a t i s f y   t h e   r e l a t i o n s h i p s   (1)  ,  (2)  ,  and  (3)  : 

hmax  >  0 . 0 0 2   um  ( 1 )  

hmin   >  0  ( 2 )  

and   hmin   >  0,  hmax  >  2  hmin   ( 3 )  

w h e r e i n   hmax  r e p r e s e n t s   a  l a r g e s t   c o a t i n g   t h i c k n e s s   o f  

t h e   c o n v e x   p o r t i o n s   and  hmin   r e p r e s e n t s   a  s m a l l e s t  

35  c o a t i n g   t h i c k n e s s   o f   t h e   c o n c a v e   p o r t i o n s   of   t h e  

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

In  t h e   f i r s t   s t e p   o f   t h e   p r o c e s s   o f   t h e   p r e s e n t  
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i n v e n t i o n ,   t h e   s t e e l   s t r i p   s u b s t r a t e ,   w h i c h   has   b e e n  

d e g r e a s e d   or  s u r f a c e   c l e a n e d   by  an  o r d i n a r y   m e t h o d ,   i s  

s u b j e c t e d   to   a  n i c k e l - p l a t i n g   p r o c e s s .   In  t h e   s u r f a c e  

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

5  s u b j e c t e d   to   an  a n o d i c   e l e c t r o l y t i c   t r e a t m e n t   in   a  

p i c k l i n g   l i q u i d ,   f o r   e x a m p l e ,   a  s u l f u r i c   a c i d   a q u e o u s  
s o l u t i o n ,   or   a  d e g r e a s i n g   l i q u i d ,   f o r   e x a m p l e ,   a  s o d i u m  

h y d r o x i d e   a q u e o u s   s o l u t i o n .  

The  s u r f a c e   c l e a n e d   s t e e l   s t r i p   s u b s t r a t e   i s  

10  u n e v e n l y   p l a t e d   w i t h   n i c k e l   or   a  n i c k e l - b a s e d   a l l o y   i n  
2  2 an  a m o u n t   of   2  to   100  mg/m  ,  p r e f e r a b l y   5  to   100  mg/m  , 

p e r   s u r f a c e   of   t h e   s u b s t r a t e .   The  p l a t i n g   p r o c e s s   c a n  
be  c a r r i e d   o u t   in   an  o r d i n a r y   n i c k e l   p l a t i n g   l i q u i d ,   f o r  

e x a m p l e ,   a  s u l f u r i c   a c i d   w a t t   p l a t i n g   l i q u i d .   T h e  

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

d e n s i t y ,   p l a t i n g   t e m p e r a t u r e   and  t i m e ,   and  o t h e r   p l a t i n g  
c o n d i t i o n s   a r e   d e t e r m i n e d   so  t h a t   t h e   r e s u l t a n t   n i c k e l -  

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

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

s p e c i f i c   m e t h o d   and  may  be  an  e l e c t r i c   p l a t i n g   m e t h o d   o r  

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

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

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

25  n i c k e l - b a s e d   p l a t e d   s u b s t r a t e   may  be  a d d i t i o n a l l y  

s u b j e c t e d   to   an  a n o d i c   e l e c t r o l y t i c   t r e a t m e n t .   A l t e r -  

n a t i v e l y ,   t h e   n i c k e l - b a s e d   p l a t e d   s u b s t r a t e   may  b e  

s u b j e c t e d   to   a  h e a t   t r e a t m e n t   a t   an  e l e v a t e d   t e m p e r a -  

t u r e ,   to   c a u s e   t h e   p l a t e d   n i c k e l   or  n i c k e l - b a s e d   a l l o y  

30  t o   d i f f u s e   i n t o   t h e   s t e e l   s t r i p   s u b s t r a t e .  

I f   t h e   a m o u n t   o f   t h e   p l a t e d   n i c k e l   or  n i c k e l - b a s e d  

a l l o y   i s   more   t h a n   100  mg/m  ,  t h e   r e s u l t a n t   c o a t i n g  

l a y e r   w i l l   h a v e   a  s u b s t a n t i a l l y   e v e n   t h i c k n e s s   and  i t  

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

35  a  s a t i s f a c t o r y   c o r r o s i o n   r e s i s t a n c e   and  w e l d a b i l i t y .  
I f   t h e   a m o u n t   of   t h e   p l a t e d   n i c k e l   or   n i c k e l - b a s e d  

2 
a l l o y   i s   l e s s   t h a n   2  mg/m  ,  i t   w i l l   be  d i f f i c u l t   t o  
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p r o v i d e   a  d e n s e   F e - N i - S n   b a s e d   b a s e   l a y e r   h a v i n g   a  

e x c e l l e n t   e f f e c t   f o r   e n h a n c i n g   t h e   c o r r o s i o n   r e s i s t a n c e  

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

As  s t a t e d   a b o v e ,   t h e   l i m i t a t i o n   in   t h e   a m o u n t   o f  

5  t h e   n i c k e l - b a s e d   c o a t i n g   l a y e r s   to   t h e   r a n g e   o f   f r o m   2 
2 

to   100  mg/m  p e r   s u r f a c e   o f   t h e   s u b s t r a t e   i s   v e r y  

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

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

d i s t r i b u t i o n   and   t o   be  p r o v i d e d   w i t h   a  n u m b e r   o f   c o n v e x  

10  p o r t i o n s   and  c o n c a v e   p o r t i o n s   t h e r e o f .   T h i s   s p e c i f i c  

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

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

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

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

15  t a i n e r s   . 
A l s o ,   i f   t h e   t o t a l   a r e a   o f   t h e   p o r t i o n s   o f   t h e  

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

0 . 0 0 1   pm  or   more   i s   more   t h a n   95%  or   l e s s   t h a n   10%  o f  

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

20  u n e v e n n e s s   in   t h e   c o a t i n g   t h i c k n e s s   of   t h e   n i c k e l - b a s e d  

c o a t i n g   l a y e r s   w i l l   be  u n s a t i s f a c t o r y ,   and   t h u s   t h e  

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

f a c t o r y   c o r r o s i o n   r e s i s t a n c e   and  w e l d a b i l i t y .  

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

25  t h e   a b o v e - d e f i n e d   r e l a t i o n s h i p s   (1)  ,  (2)  ,  and  (3)  i s  

v e r y   e f f e c t i v e   f o r   f u r t h e r   e n h a n c i n g   t h e   c o r r o s i o n  

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

s t r i p .  

The  u n e v e n   d i s t r i b u t i o n   of   t h e   t h i c k n e s s   of   t h e  

30  n i c k e l - b a s e d   c o a t i n g   l a y e r   can   be  o b s e r v e d   by  m e a n s   o f  

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

S p e c t r o s c o p y .  

The  u n e v e n   n i c k e l - b a s e d   c o a t i n g   l a y e r   may  c o n s i s t  

of   n i c k e l   or   a  n i c k e l - b a s e d   a l l o y   c o n s i s t i n g   of   a t   l e a s t  

35  80%  by  w e i g h t   o f   n i c k e l   and  20%  by  w e i g h t   or   l e s s   of   a n  

a d d i t i o n a l   m e t a l   e l e m e n t   c o n s i s t i n g   of   a t   l e a s t   o n e  

member   s e l e c t e d   f r o m   z i n c ,   p h o s p h o r u s ,   c o b a l t ,   c o p p e r ,  
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and  c h r o m i u m .   The  a d d i t i o n a l   m e t a l   e l e m e n t   can   b e  

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

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

r e m a i n   in   t h e   f r e e   t i n   s t a t e   a f t e r   t h e   h e a t   t r e a t m e n t .  

5  The  r e m a i n i n g   f r e e   t i n   f o r m s   an  i n t e r m e d i a t e   t i n   c o a t i n g  

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

s t e p .  

In  t h e   s e c o n d   s t e p   of   t h e   p r o c e s s   of   t h e   p r e s e n t  

i n v e n t i o n ,   t h e   n i c k e l - b a s e d   p l a t e d   s u b s t r a t e   i s   c o a t e d  
2 

10  w i t h   t i n   in  an  a v e r a g e   a m o u n t   of   200  to   2000  mg/m  p e r  
s u r f a c e   of   t h e   s u b s t r a t e   to   p r o v i d e   a  p r e c u r s o r y   c o a t e d  

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

t o   a  s p e c i f i c   m e t h o d ,   and  can   be  c a r r i e d   o u t   by  a n y  
c o n v e n t i o n a l   t i n   p l a t i n g   m e t h o d .   H o w e v e r ,   t h e   t i n  

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

m e t h o d .  

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

on  t h e   n i c k e l   b a s e d   p l a t e d   s u b s t r a t e   i s   l i m i t e d   to   a  
2 

s p e c i f i c   r a n g e   f rom  200  to   2000  mg/m  p e r   s u r f a c e   o f  

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

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

a t   a  low  c o s t .  

I f   t h e   a v e r a g e   a m o u n t   of   t h e   t i n   c o a t i n g   l a y e r s   i s  
2 

more   t h a n   2000  mg/m  ,  t h e   e x c e s s   a m o u n t   of   t i n   o v e r  
2 

25  2000  mg/m  h a s   no  e f f e c t   on  t h e   e n h a n c i n g   of   t h e  

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

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

o f   t h e   r e s u l t a n t   c o a t e d   s t e e l   s t r i p .   A l s o ,   an  a v e r a g e  
2 a m o u n t   o f   l e s s   t h a n   200  mg/m  of   t h e   t i n   c o a t i n g   l a y e r  

30  r e s u l t s   in   an  u n s a t i s f a c t o r y   seam  w e l d a b i l i t y   a n d  

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

s t r i p .  

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

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

35  n e c e s s a r y ,   i s   i m m e r s e d   in   a  f l u x   c o m p r i s i n g ,   as  a  

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

c h l o r i d e ,   and  f i n a l l y ,   i s   d r i e d .   The  f l u x   may  h a v e   a  
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c o n c e n t r a t i o n   c o r r e s p o n d i n g   to   f rom  1 /2   t o   1 /3   of   t h a t  

in   an  o r d i n a r y   f l u x   f o r   p r o d u c i n g   a  u s u a l   t i n p l a t e .   T h e  

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

c e n t r a t i o n   of   t h e   f l u x   can   be  d e c i d e d   in   c o n s i d e r a t i o n  

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

s t r i p .  

In  t h e   t h i r d   s t e p   in   t h e   p r o c e s s   of   t h e   p r e s e n t  

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

t r e a t e d   a t   a  t e m p e r a t u r e   e q u a l   to   or   h i g h e r   t h a n   t h e  

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

t r e a t m e n t   may  be  c a r r i e d   o u t   by ,   f o r   e x a m p l e ,   an  e l e c t r i c  

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

h e a t i n g   m e t h o d .   F u r t h e r ,   t h i s   h e a t   t r e a t m e n t   may  b e  

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

15  f o r   e x a m p l e ,   n i t r o g e n   or   a r g o n   g a s .  

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

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

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

l a y e r s   f o r m e d   on  t h e   two  s u r f a c e s   of   t h e   s u b s t r a t e ,   a n d  

20  c o n s i s t i n g   e s s e n t i a l l y   of   an  F e - N i - S n - b a s e d   a l l o y   a n d  

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

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

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

n u m b e r   o f   c o n v e x   and  c o n c a v e   p o r t i o n s .  

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

e x t e n t   s u c h   t h a t   t h e   c o n t e n t   of   t i n   in   t h e   r e s u l t a n t  

b a s e   F e - N i - S n - b a s e d   a l l o y   c o a t i n g   l a y e r s   c o r r e s p o n d s   t o  

a b o u t   1 / 3 ,   t h a t   i s ,   f r om  30%  to   35%  of   t h e   e n t i r e   w e i g h t  

of   t h e   o r i g i n a l   t i n - c o a t i n g   l a y e r s .  

30  The  h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   e q u a l   to   o r  

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

c o a t i n g   l a y e r   r e s u l t s   in   t h e   c o n v e r s i o n   of   t h e   n i c k e l -  

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

F e - N i - S n - b a s e d   a l l o y   c o a t i n g   l a y e r s   and  i n t e r m e d i a t e   t i n  

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

e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e   and  w e l d a b i l i t y   to   t h e  

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

e x p l a i n e d   by  r e f e r r i n g   to   F i g s .   3A  to   3 C .  

R e f e r r i n g   to   F i g .   3A,  a  p r e c u r s o r y   c o a t e d   s t e e l  

s t r i p   10  w h i c h   has   b e e n   p r o d u c e d   by  t h e   f i r s t   and  s e c o n d  

5  s t e p s   of   t h e   p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n ,   has   a  

s t e e l   s t r i p   s u b s t r a t e   11,   an  i s l a n d s - i n - s e a   t y p e   n i c k e l -  

b a s e d   c o a t i n g   l a y e r   12  h a v i n g   a  n u m b e r   of   i s l a n d s   1 2 a ,  

w h e r e i n   t h e   i s l a n d s   12a  a r e   s e p a r a t e d   f r o m   e a c h   o t h e r ,  

and   s e a - s h a p e d   p o r t i o n s   12b  b e t w e e n   t h e   i s l a n d s   12a ,   a n d  

10  a  t i n   c o a t i n g   l a y e r   13.   When  t h e   p r e c u r s o r y   c o a t e d  

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

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

t h e   t i n   c o a t i n g   l a y e r   13  i s   m e l t e d   and  t h e   n i c k e l - b a s e d  

c o a t i n g   l a y e r   12  i s   a l l o y e d   w i t h   a  p o r t i o n   o f   i r o n   i n  

15  t h e   s t e e l   s t r i p   s u b s t r a t e   11  and  a  p o r t i o n   o f   t i n   in   t h e  

t i n   c o a t i n g   l a y e r   1 3 .  

The  a l l o y i n g   r a t e   of   n i c k e l   or   n i c k e l   b a s e d   a l l o y  

w i t h   t h e   i r o n   and  t i n   i s   p r o p o r t i o n a l   to   t h e   c o n c e n -  
t r a t i o n   o f   n i c k e l   or  n i c k e l - b a s e d   a l l o y   in  t h e   a l l o y i n g  

20  s y s t e m .   T h e r e f o r e ,   e a c h   of   t h e   n i c k e l - b a s e d   i s l a n d s   1 2 a  

a r e   r a p i d l y   c o n v e r t e d   to   a  c o r r e s p o n d i n g   a l l o y   c o a t i n g  
w h i l e   g r o w i n g   t h r e e - d i m e n s i o n a l l y .   N a m e l y ,   e a c h   a l l o y  

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

b a s e d   i s l a n d s   and  s p r e a d s   on  t h e   s u b s t r a t e   s u r f a c e .   T h e  

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

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

c o m p l e t e l y   c o v e r s   t h e   s u r f a c e   of   t h e   s u b s t r a t e ,   as  s h o w n  

in   F i g .   3 B .  

R e f e r r i n g   to   F i g s .   3A  and  3B,  t h e   r e s u l t a n t   a l l o y  

30  c o a t i n g   l a y e r   14  has   a  n u m b e r   o f   c o n v e x   p o r t i o n s   1 4 a  

c o r r e s p o n d i n g   to   t h e   n i c k e l - b a s e d   i s l a n d s   12a  and  a  

n u m b e r   o f   c o n c a v e   p o r t i o n s   14b  c o r r e s p o n d i n g   to   t h e  

s e a - s h a p e d   p o r t i o n   12b  in   t h e   n i c k e l - b a s e d   c o a t i n g  

l a y e r   12  in   F i g .   3A.  

35  The  t i n   m e l t   e x h i b i t s   a  l a r g e r   w e t t i n g   a f f i n i t y   a n d  

a  s m a l l e r   f r e e   i n t e r f a c e   e n e r g y   to   t h e   F e - N i - S n - b a s e d  

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

l a r g e r   t h e   t h i c k n e s s   of   t h e   F e - N i - S n - b a s e d   a l l o y   l a y e r ,  

t h e   g r e a t e r   t h e   w e t t i n g   a f f i n i t y   of   t h e   t i n   m e l t   t h e r e t o .  

A c c o r d i n g l y ,   t h e   t h i c k n e s s   of   t h e   t i n   m e l t   l a y e r   15  o n  

5  t h e   F e - N i - S n - b a s e d   a l l o y   l a y e r   14  c o r r e s p o n d s   to   t h e  

t h i c k n e s s   o f   t h e   F e - N i - S n - b a s e d   a l l o y   l a y e r   14  as  s h o w n  

in   F i g .   3B,  when  t h e   h e a t - t r e a t m e n t   i s   s t o p p e d   and  t h e  

a l l o y   c o a t i n g   l a y e r   and  t i n   m e l t   l a y e r   a r e   c o o l e d   t o  

room  t e m p e r a t u r e ,   t h e   r e s u l t a n t   t i n   c o a t i n g   l a y e r   15  h a s  

10  a  n u m b e r   of   c o n v e x   p o r t i o n s   15a  and  c o n c a v e   p o r t i o n s   1 5 b  

t h e r e o f   r e s p e c t i v e l y   c o r r e s p o n d i n g   to   t h e   c o n v e x   p o r t i o n s  

14a  and  t h e   c o n c a v e   p o r t i o n s   14b  of   t h e   a l l o y   c o a t i n g  

l a y e r   1 4 .  

I f   t h e   n i c k e l - b a s e d   c o a t i n g   l a y e r   has   an  e v e n  

15  t h i c k n e s s ,   t h e   c o n v e r s i o n   o f   t h e   n i c k e l - b a s e d   c o a t i n g  

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

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

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

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

20  c o a t i n g   l a y e r   to   h a v e   a  s u b s t a n t i a l l y   e v e n   t h i c k n e s s .  

The  e v e n   t i n   c o a t i n g   l a y e r   s o m e t i m e s   can   be  c o n -  

v e r t e d   to   an  u n e v e n   t i n   c o a t i n g   l a y e r   as  shown  i n  

F i g .   3B  by  a  f l u x   t r e a t m e n t   u n d e r   a  c e r t a i n   c o n d i t i o n .  

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

25  a l w a y s   s u c c e s s f u l .   S o m e t i m e s ,   t h e   f l u x   t r e a t m e n t   f a i l s  

t o   c o n v e r t   t h e   e v e n   t i n   c o a t i n g   l a y e r   to   an  u n e v e n   t i n  

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

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

In  o t h e r   w o r d s ,   t h e   f l u x   t r e a t m e n t   c a n n o t   s t a b l y   c o n v e r t  

30  t h e   e v e n   t i n   c o a t i n g   l a y e r   to   an  u n e v e n   t i n   c o a t i n g  

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

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

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

H o w e v e r ,   in   t h e   p r o c e s s   of   t h e   p r e s e n t   i n v e n t i o n ,  

35  t h e   u n e v e n   t i n   c o a t i n g   l a y e r s   c an   be  s t a b l y   p r o d u c e d   b y  

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

on  t h e   s t e e l   s t r i p   s u b s t r a t e   s u r f a c e s .   The  u n e v e n   t i n  
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c o a t i n g   l a y e r s   a r e   v e r y   e f f e c t i v e   f o r   p r o d u c i n g   t h e  

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

5  P r e f e r a b l y ,   in   t h e   i n t e r m e d i a t e   t i n   c o a t i n g   l a y e r s ,  
t h e   c o n v e x   p o r t i o n s   a r e   s p a c e d   1  to   30  ym  a p a r t ,   a n d  

h a v e   a  c o a t i n g   t h i c k n e s s   of   0 . 2 0   ym  or   m o r e ,   t h e   c o n c a v e  

p o r t i o n s   h a v e   a  c o a t i n g   t h i c k n e s s   of   0  to   0 . 0 7   ym,  a n d  
t h e   a v e r a g e   c o a t i n g   t h i c k n e s s   of   t h e   e n t i r e   i n t e r m e d i a t e  

10  t i n   c o a t i n g   l a y e r s   i s   0 . 1 7   ym  or   l e s s .  

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

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

15  s u r f a c e   c o a t i n g   l a y e r s   on  t h e   i n t e r m e d i a t e   t i n   c o a t i n g  
l a y e r s .   The  r e s u l t a n t   s u r f a c e   c o a t i n g   l a y e r s   h a v e  

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

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

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

t i n   c o a t i n g   l a y e r .   In  o t h e r   w o r d s ,   r e f e r r i n g   to   F i g .   3 C ,  
t h e   s u r f a c e   c o a t i n g   l a y e r   16  h a s   a  n u m b e r   of   d o w n w a r d  

c o n v e x   p o r t i o n s   16a  f o r m e d   on  t h e   c o n c a v e   p o r t i o n s   1 5 b  

25  of   t h e   i n t e r m e d i a t e   t i n   c o a t i n g   l a y e r   15  and  a  n u m b e r   o f  

u p w a r d   c o n c a v e   p o r t i o n s   16b  f o r m e d   on  t h e   c o n v e x   p o r t i o n s  
15a  of   t h e   i n t e r m e d i a t e   t i n   c o a t i n g   l a y e r   1 5 .  

The  u p w a r d   c o n c a v e   p o r t i o n s   16b  of   t h e   s u r f a c e  

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

30  an  e x c e l l e n t   w e l d a b i l i t y .   A l s o ,   t h e   d o w n w a r d   c o n v e x  
p o r t i o n s   16a  o f   t h e   s u r f a c e   c o a t i n g   l a y e r s   h a v i n g   a  
l a r g e   c o a t i n g   t h i c k n e s s   e x h i b i t   a  s u p e r i o r   c o r r o s i o n  

r e s i s t a n c e .   T h e r e f o r e ,   as  a  w h o l e ,   t h e   c o a t e d   s t e e l  

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

35  w e l d a b i l i t y   and  c o r r o s i o n   r e s i s t a n c e   and  i s   u s e f u l   f o r  

c a n s   and  c o n t a i n e r s .   When  t h e   c o a t e d   s t e e l   s t r i p   h a v i n g  
t h e   a b o v e - m e n t i o n e d   u n e v e n   s u r f a c e   c o a t i n g   l a y e r   i s  
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s u b j e c t e d   to   a  seam  w e l d i n g   p r o c e d u r e ,   t h e   c o n c a v e  

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

s m a l l   c o a t i n g   t h i c k n e s s   s e r v e   to   s t a b i l i z e   t h e   f l o w   o f  

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

5  w e l d a b i l i t y   of   t h e   c o a t e d   s t e e l   s t r i p .   A l s o ,   t h e   t h i c k  

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

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

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

The  u n e v e n   s u r f a c e   c o a t i n g   l a y e r s   c o n s i s t i n g  

10  e s s e n t i a l l y   o f   e l e c t r o l y s e d   c h r o m a t e   c an   be  p r o d u c e d   b y  

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

u s a b l e   f o r   T F S - C T .   U s u a l l y ,   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   i s   c a r r i e d   o u t   in   a c c o r d a n c e   w i t h   a  c a t h o d i c  

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

15  a n h y d r i d e   in   t h e   p r e s e n c e   or   a b s e n c e   o f   a n i o n s ,   f o r  

e x a m p l e ,   s u l f u r i c   a n i o n s   or   f l u o r i d e   a n i o n s .   A l s o ,   a n y  

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

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

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

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

The  s u r f a c e   c o a t i n g   l a y e r   i s   p r e f e r a b l y   in   an  a v e r a g e  
2 

a m o u n t ,   in   t e r m s   of   m e t a l l i c   c h r o m i u m ,   o f   3  to   30  m g / m  

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

25  l e s s   t h a n   3  mg/m  ,  t h e   r e s u l t a n t   c o a t i n g   s t e e l   s t r i p  

s o m e t i m e s   e x h i b i t s   an  u n s a t i s f a c t o r y   c o r r o s i o n   r e s i s -  

t a n c e   and   a  p o o r   b o n d i n g   p r o p e r t y   t o   p a i n t .   A l s o ,   i f  

t h e   a v e r a g e   a m o u n t   o f   t h e   s u r f a c e   c o a t i n g   l a y e r s   i s   m o r e  
2 

t h a n   30  mg/m  ,  t h e   r e s u l t a n t   c o a t i n g   s t e e l   s t r i p  

30  s o m e t i m e s   e x h i b i t s   an  u n s a t i s f a c t o r y   w e l d a b i l i t y .  

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

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

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

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

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

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

l e v e l .   H o w e v e r ,   in   t h e   c o n c a v e   p o r t i o n s   of   t h e   s u r f a c e  
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c o a t i n g   l a y e r s ,   p r e f e r a b l y   t h e   p r o p o r t i o n   of  t h e   h o t  
a l k a l i - i n s o l u b l e   f r a c t i o n s   i s   l a r g e r   t h a n   t h a t   of   t h e  
h o t   a l k a l i - i n s o l u b l e   f r a c t i o n s .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  f u r t h e r   e x p l a i n e d   b y  
5  way  of   s p e c i f i c   e x a m p l e s ,   w h i c h ,   h o w e v e r ,   a r e   m e r e l y  

r e p r e s e n t a t i v e   and  do  n o t   r e s t r i c t   t h e   s c o p e   of   t h e  

p r e s e n t   i n v e n t i o n   in   any  w a y .  
In  t h e   e x a m p l e ,   t h e   f o l l o w i n g   t e s t s   w e r e   c a r r i e d  

o u t   . 
10  (A)  Seam  W e l d i n g   T e s t  

A  s p e c i m e n ,   t h a t   i s ,   a  p i e c e   o f   a  m u l t i l a y e r  
c o a t e d   s t e e l   s t r i p ,   was  f o r m e d   i n t o   a  p e r i p h e r a l   p o r t i o n  
of   a  can   in   w h i c h   e d g e   p o r t i o n s   of   t h e   s p e c i m e n   w e r e  
o v e r l a p p e d   to   a  w i d t h   of   0 .4   mm.  The  o v e r l a p p e d   p o r t i o n  

15  of   t h e   s p e c i m e n   was  seam  w e l d e d   u n d e r   a  p r e s s u r e   o f  
45  h g f   a t   a  c a n - f o r m i n g   r a t e   of  45  mpm.  The  v a l u e   o f  
t h e   s e c o n d   o r d e r   w e l d i n g   c u r r e n t   was  v a r i e d   to   d e t e r m i n e  

a  r a n g e   of   v a l u e s   of   t h e   s e c o n d   o r d e r   w e l d i n g   c u r r e n t ,  
in   w h i c h   r a n g e   an  o p t i m u m   seam  w e l d i n g   was  o b t a i n e d .  

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

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

r a n g e   in  w h i c h   t h e   seam  w e l d i n g   p r o c e d u r e   can   be  c a r r i e d  
o u t   w i t h o u t   t h e   g e n e r a t i o n   of   an  u n d e s i r a b l e   s p l a s h  
p h e n o m e n o n   . 

30  The  w e l d i n g   s t r e n g t h   of   t h e   w e l d e d   p o r t i o n   w a s  
d e t e r m i n e d   by  an  i m p a c t   t e s t   and  a  p e e l i n g   t e s t   in   w h i c h  

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

s p e c i m e n   and  t h e   w e l d e d   two  e n d s   of   t h e   s p e c i m e n   w e r e  
p e e l e d   f rom  e a c h   o t h e r   by  a  p a i r   of   p i n c e r s .  

35  The  a p p e a r a n c e   of   t h e   seam  w e l d e d   p o r t i o n   o f  
t h e   s p e c i m e n   was  e v a l u a t e d   by  n a k e d   eye   o b s e r v a t i o n   i n  
w h i c h   t h e   g e n e r a t i o n   and  i n t e n s i t y   of   e x p u l s i o n   a n d  
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s u r f a c e   f l a s h   on  t h e   w e l d e d   p o r t i o n   w e r e   o b s e r v e d .  

The  s p e c i m e n   to   be  s u b j e c t e d   to   t h e   s e a m  

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

of   210  °C  f o r   20  m i n u t e s   in   an  e l e c t r i c   a i r   o v e n .  

5  (B)  U n d e r p a i n t   R u s t   R e s i s t a n c e   T e s t  

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

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

a m o u n t   of   55  mg/dm  p e r   s u r f a c e   of   t h e   s p e c i m e n ,   by  a  

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

10  w e r e   h e a t e d   a t   a  t e m p e r a t u r e   of   205°C  f o r   10  m i n u t e s   a n d  

t h e n   f u r t h e r   h e a t e d   a t   a  t e m p e r a t u r e   o f   190  °C  f o r   10  

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

a  c u t t i n g   k n i f e   and  t h e n   s u b j e c t e d   to   an  E r i c k s e n  

p r o c e s s   a t   a  h e i g h t   of   5  mm  by  u s i n g   an  E r i c k s e n   t e s t i n g  

15  m a c h i n e .  

The  r e s u l t a n t   t e s t i n g   s p e c i m e n   was  s u b j e c t e d  

to   a  s a l t   w a t e r   s p r a y i n g   t e s t   f o r   one   h o u r ,   by  s p r a y i n g  

an  a q u e o u s   s o l u t i o n   of   5%  by  w e i g h t   o f   N a C l .   Then   t h e  

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

20  o f   25°C  a t   a  r e l a t i v e   h u m i d i t y   of   85%  f o r   14  d a y s .   T h e  

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

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

In  e a c h   e x a m p l e ,   a l l   of   t h e   p r o c e d u r e s   w e r e  

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

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

and  t h e   s e c o n d   p r o d u c t   of   e a c h   e x a m p l e .  

E x a m p l e s   1  to   5  and  C o m p a r a t i v e   E x a m p l e s   1  to   3 

In   e a c h   of   E x a m p l e s   1  to   5  and  C o m p a r a t i v e  

E x a m p l e s   1  to   3,  two  s u r f a c e s   of   a  s u b s t r a t e   c o n s i s t i n g  

30  of   a  s t e e l   s t r i p ,   w h i c h   had  b e e n   s u r f a c e   c l e a n e d   by  a n  

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

p l a t i n g   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   200  g / 1   o f  

N i S O 4 « 7 H 2 O ,   60  g / 1   of   N i C l 2 « 6 H 2 O ,   and  50  g / 1   o f  

H-PO-  a t   t h e   t e m p e r a t u r e   of   50  °C  a t   t h e   pH  s e l e c t e d  

35  f rom  t h e   r a n g e   of  f rom  1 .8   to   4 .0   and   a t   t h e   c a t h o d i c  

c u r r e n t   d e n s i t y   s e l e c t e d   f rom  t h e   r a n g e   of   f r o m   5  t o  

50  A/dm2  as  shown  in   T a b l e   1.  The  r e s u l t a n t   n i c k e l  
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c o a t i n g   l a y e r s   c o n s i s t e d   of   t h e   p l a t e d   n i c k e l   in   a n  
a m o u n t   in   t h e   r a n g e   of   f rom  2  to   120  mg/m2  p e r   s u r f a c e  
of   t h e   s u b s t r a t e ,   as  shown  in  T a b l e   1.  The  r e s u l t a n t  
n i c k e l   c o a t i n g   l a y e r s   w e r e   in  t h e   fo rm  as  i n d i c a t e d   i n  

5  T a b l e   1  and  had   t h e   l a r g e s t   c o a t i n g   t h i c k n e s s   (hmax)  a n d  
t h e   p e r c e n t a g e   RA  of   t h e   t o t a l   a r e a   p o r t i o n s   of   t h e  
n i c k e l   c o a t i n g   l a y e r s   h a v i n g   a  c o a t i n g   t h i c k n e s s   f  
0 . 0 0 1   urn  or  more   b a s e d   on  t h e   e n t i r e   a r e a   of   t h e   s u r f a c e s  
of   t h e   s u b s t r a t e ,   as  shown  in  T a b l e   1 .  

10  The  fo rm  and  t h i c k n e s s   of   t h e   n i c k e l   c o a t i n g   l a y e r s  
w e r e   d e t e r m i n e d   by  AES  and  EPMA  a n a l y s e s .  

In  E x a m p l e s   1  to   5  in   a c c o r d a n c e   w i t h   t h e   p r o c e s s  
of   t h e   p r e s e n t   i n v e n t i o n ,   t h e   l a r g e s t   t h i c k n e s s   ( h m a x )  
of   t h e   n i c k e l   c o a t i n g   l a y e r s   was  0 . 0 0 2   ym  or   more   a n d  

15  t h e   p e r c e n t a g e   RA  of   t h e   p o r t i o n s   of   t h e   n i c k e l   c o a t i n g  
l a y e r s   h a v i n g   a  c o a t i n g   t h i c k n e s s   of   0 . 0 0 1   ym  or   m o r e  
was  in   t h e   r a n g e   of   f rom  10%  to   95%.  

The  n i c k e l - c o a t e d   s t e e l   s t r i p   was  p l a t e d   w i t h   t i n  
in   a  t i n   p l a t i n g   a q u e o u s   l i q u i d   c o n t a i n i n g   25  g / 1   of   t i n  

20  s u l f a t e ,   30  g / 1   of   p h e n o l   s u l f o n i c   a c i d ,   and  2  g / 1   o f  

e t h o x y l a t e d   a - n a p h t h o l   s u l f o n i c   a c i d   a t   a  t e m p e r a t u r e   i n  
t h e   r a n g e   of   f rom  40  to   50°C  a t   a  c a t h o d i c   c u r r e n t  

2 
d e n s i t y   of   20  A/dm  .  The  a v e r a g e   a m o u n t   of   t h e  
r e s u l t a n t   t i n   c o a t i n g   l a y e r s   was  in   t h e   r a n g e   of   f r o m  

25  800  to   1000  mg/m  p e r   s u r f a c e   o f   t h e   s u b s t r a t e ,   a s  
shown  in  T a b l e   1 .  

The  r e s u l t a n t   p r e c u r s o r y   c o a t e d   s t e e l   s t r i p   w a s  
i m m e r s e d   in   an  a q u e o u s   f l u x   s o l u t i o n   c o n t a i n i n g   1  t o  
2  g / 1   of   p h e n o l   s u l f o n i c   a c i d   a t   a  t e m p e r a t u r e   of   4 5 ° C ,  

30  and  t h e n   d r i e d .  

The  f l u x - t r e a t e d   p r e c u r s o r y   c o a t e d   s t e e l   s t r i p   w a s  
h e a t - t r e a t e d   by  an  e l e c t r i c   r e s i s t a n c e   h e a t i n g   m e t h o d   a t  
a  t e m p e r a t u r e   of   f r o m   240°C  to  280°C  f o r   2  s e c o n d s   t o  
6  s e c o n d s   in   t h e   a i r   a t m o s p h e r e .   The  h e a t i n g   t e m p e r a -  

35  t u r e   and  t i m e   w e r e   d e c i d e d   so  t h a t   t h e   r e s u l t a n t  
F e - N i - S n   a l l o y   b a s e   l a y e r   c o n t a i n e d   t i n   in  an  a m o u n t  

c o r r e s p o n d i n g   to   a b o u t   1 /3   of   t h e   e n t i r e   a m o u n t   of   t i n  
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p l a t e d   on  t h e   s u b s t r a t e .  

The  h e a t - t r e a t e d   s t e e l   s t r i p   was  s u b j e c t e d   to   a 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 m e n t   in   an  a q u e o u s   t r e a t i n g  

s o l u t i o n   c o n t a i n i n g   2  to   100  g / 1   o f   CrO3  ,  0 . 1   t o  

5  1 .0   g / 1   of   H2SO4  and  0  to   3  g / 1   of   N a 2 S i F g   a t   a  

t e m p e r a t u r e   o f   f rom  40  °C  to   60  °C  a t   a  c a t h o d i c   c u r r e n t  

d e n s i t y   in   t h e   r a n g e   of   f rom  5  to   90  A/dm  so  as  t o  

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

a v e r a g e   a m o u n t   of   12  to   17  mg/m  ,  in  t e r m s   of   m e t a l l i c  

10  c h r o m i u m ,   p e r   s u r f a c e   of   t h e   s u b s t r a t e .  

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

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

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

EPMA  a n a l y s i s .  

15  i n   T a b l e   1,  t h e   t e r m   " e v e n   d i s t r i b u t i o n "   r e f e r s   t o  

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

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

a v e r a g e   t h i c k n e s s   Ty  of   t h e   d o w n w a r d   c o n v e x   p o r t i o n s  

to   t h e   a v e r a g e   t h i c k n e s s   Tc  o f   t h e   u p w a r d   c o n c a v e  

20  p o r t i o n s   of   t h e   s u r f a c e   c o a t i n g   l a y e r s   i s   1  o r   more   a n d  

l e s s   t h a n   1 . 2 .   A l s o   t h e   t e r m   " u n e v e n   d i s t r i b u t i o n "  

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

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

r a t i o   o f   t h e   a v e r a g e   t h i c k n e s s   Ty  of   t h e   d o w n w a r d  

25  c o n v e x   p o r t i o n s   to   t h e   a v e r a g e   t h i c k n e s s   Tc  of   t h e  

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

1 . 2   or   m o r e .  

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

u n e v e n   t h i c k n e s s   d i s t r i b u t i o n .  

30  The  r e s u l t s   of   t h e   seam  w e l d i n g   t e s t   and  t h e   r u s t  

r e s i s t a n c e   t e s t   in   t h e   e x a m p l e s   and  c o m p a r a t i v e   e x a m p l e s  

a r e   shown  in  T a b l e   1 .  

E x a m p l e s   6  and  7 

In  e a c h   of   E x a m p l e s   6  and  7,  t h e   same  p r o c e d u r e s   a s  

35  t h o s e   d e s c r i b e d   in   E x a m p l e   1  w e r e   c a r r i e d   o u t   w i t h   t h e  

f o l l o w i n g   e x c e p t i o n .  

The  n i c k e l - p l a t i n g   s t e p   was  c a r r i e d   o u t   so  t h a t   t h e  
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r e s u l t a n t   n i c k e l   c o a t i n g   l a y e r s   w e r e   as  i n d i c a t e d   i n  

T a b l e   1 .  

The  t i n - c o a t i n g   s t e p   was  c a r r i e d   o u t   in  an  a q u e o u s  
p l a t i n g   s o l u t i o n   c o n t a i n i n g   75  g / 1   of   s t a n n o u s   c h l o r i d e ,  

5  25  g /1   of  s o d i u m   f l u o r i d e ,   50  g / 1   of   p o t a s s i u m   h y d r o g e n  

f l u o r i d e ,   and  45  g / 1   of   s o d i u m   c h l o r i d e   a t   a  t e m p e r a t u r e  
in   t h e   r a n g e   of   f r o m   40  to   50  CC  and  a t   a  c a t h o d i c  

c u r r e n t   d e n s i t y   in   t h e   r a n g e   of   f rom  20  to   40  A / d m 2 ,  

so  t h a t   t h e   r e s u l t a n t   t i n   c o a t i n g   l a y e r s   had  t h e   a v e r a g e  
10  a m o u n t   as  i n d i c a t e d   in   T a b l e   1 .  

No  f l u x   t r e a t m e n t   was  a p p l i e d   to   t h e   t i n - c o a t e d  

s t e e l   s t r i p .   The  t i n - c o a t e d   s t e e l   s t r i p   was  w a s h e d   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 h e   h e a t   t r e a t m e n t .  

The  r e s u l t s   o f   t h e   t e s t s   a r e   shown  in  T a b l e   1 .  

15  C o m p a r a t i v e   E x a m p l e s   4  and  5 

In  e a c h   of   C o m p a r a t i v e   E x a m p l e s   4  and  5,  t h e   s a m e  

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

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

in   C o m p a r a t i v e   E x a m p l e   5,  t h e   a v e r a g e   a m o u n t   of   t h e   t i n  
2 20  c o a t i n g   l a y e r   was  1100  mg/m  p e r   s u r f a c e   of   t h e  

s u b s t r a t e .  

The  r e s u l t s   of   t h e   t e s t s   a r e   i n d i c a t e d   in   T a b l e   1 .  

R e f e r e n t i a l   E x a m p l e  

An  o r d i n a r y   t i n p l a t e   #25  h a v i n g   t i n   c o a t i n g   l a y e r s  
2 25  in   an  a m o u n t   of   2800  mg/m  p e r   s u r f a c e   of   t h e   t i n p l a t e  

was  s u b j e c t e d   to   t h e   same  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  
and  t e s t s   as  t h o s e   m e n t i o n e d   a b o v e .  

The  r e s u l t s   a r e   shown  in   T a b l e   1 .  
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In  E x a m p l e s   1,  2,  3  and  6,  t h e   r e s u l t a n t   m u l t i l a y e r -  

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

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

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

5  c o a t i n g   l a y e r s   in   E x a m p l e s   1,  2,  3  and  6  a r e   in   a  l o w  

l e v e l   of   f rom  800  or   1000  mg/m  ,  w h e r e a s   t h e   o r d i n a r y  

t i n p l a t e   had   a  l a r g e   a m o u n t   of   t i n   c o a t i n g   l a y e r s   o f  
2 2800  mg/m  . 

A l s o ,   f r o m   E x a m p l e s   1  to   7  i n   c o m p a r i s o n   w i t h  

10  C o m p a r a t i v e   E x a m p l e s   1  to   5,  i t   i s   c l e a r   t h a t   t h e  

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

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

seam  w e l d a b i l i t y   and  c o r r o s i o n   r e s i s t a n c e   of   t h e  

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

1.  A  p r o c e s s   f o r   p r o d u c i n g   a  m u l t i l a y e r - c o a t e d  
s t e e l   s t r i p   h a v i n g   an  e x c e l l e n t   c o r r o s i o n   r e s i s t a n c e   a n d  
w e l d a b i l i t y   and  u s e f u l   f o r   c o n t a i n e r s ,   c o m p r i s i n g   t h e  
s t e p s   o f :  

5  (A)  p l a t i n g   a  s u b s t r a t e   c o n s i s t i n g   of  a  
s t e e l   s t r i p   w i t h   m e t a l l i c   n i c k e l   or   a  n i c k e l - b a s e d   a l l o y  
to   f o r m ,   on  b o t h   t h e   u p p e r   and  l o w e r   s u r f a c e s   of   t h e  
s u b s t r a t e ,   n i c k e l - b a s e d   c o a t i n g   l a y e r s ,   e a c h   of  w h i c h  
l a y e r s   i s   in   an  a v e r a g e   a m o u n t   of   2  to   100  mg/m2  a n d  

10  i s   p r o v i d e d   w i t h   a  n u m b e r   o f   c o n v e x   p o r t i o n s   and  c o n c a v e  
p o r t i o n s   t h e r e o f ,   and  in   w h i c h   l a y e r s   s a i d   p o r t i o n s  
t h e r e o f   h a v e   a  c o a t i n g   t h i c k n e s s   of   0 . 0 0 1   ym  or   more  a n d  
h a v e   a  t o t a l   a r e a   c o r r e s p o n d i n g   to   10%  to  95%  of   t h e  
e n t i r e   a r e a   of   t h e   s u r f a c e s   of   t h e   s u b s t r a t e ;  

15  (B)  c o a t i n g   t h e   n i c k e l - b a s e d   p l a t e d  
s u b s t r a t e   w i t h   t i n   to   fo rm  t i n   c o a t i n g   l a y e r s   on  t h e  
n i c k e l   b a s e d   c o a t i n g   l a y e r s ,   e a c h   of   w h i c h   t i n   c o a t i n g  
l a y e r s   i s   in   an  a v e r a g e   a m o u n t   of   200  to   2000  m g / m 2 ,  
t o   p r o v i d e   a  p r e c u r s o r y   c o a t e d   s t e e l   s t r i p ;  

20  (C)  h e a t i n g   t h e   p r e c u r s o r y   c o a t e d   s t e e l  
s t r i p   a t   a  t e m p e r a t u r e   e q u a l   to   or   h i g h e r   t h a n   t h e  
m e l t i n g   p o i n t   of   t h e   t i n   c o a t i n g   l a y e r ,   to   c a u s e   t h e  
n i c k e l   b a s e d   c o a t i n g   l a y e r s   and  t h e   t i n   c o a t i n g   l a y e r s  
t o   be  c o n v e r t e d   to   b a s e   c o a t i n g   l a y e r s   w h i c h   a r e   f o r m e d  

25  on  b o t h   t h e   u p p e r   and  l o w e r   s u r f a c e s   of   t h e   s u b s t r a t e ,  
c o n s i s t   e s s e n t i a l l y   of   an  F e - N i - S n - b a s e d   a l l o y   and  h a v e  
a  n u m b e r   o f   c o n v e x   p o r t i o n s   and  c o n c a v e   p o r t i o n s   t h e r e o f ,  
and  i n t e r m e d i a t e   c o a t i n g   l a y e r s   w h i c h   a r e   f o r m e d   on  t h e  
b a s e   c o a t i n g   l a y e r s ,   c o n s i s t   e s s e n t i a l l y   of   t i n   and  h a v e  

30  a  n u m b e r   o f   c o n v e x   p o r t i o n s   and  c o n c a v e   p o r t i o n s  
t h e r e o f ;   a n d  

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

35  c h r o m a t e ,   on  t h e   i n t e r m e d i a t e   t i n   c o a t i n g   l a y e r s .  
2.  The  p r o c e s s   as  c l a i m e d   in   c l a i m   l f   w h e r e i n   t h e  
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c o n v e x   and  c o n c a v e   p o r t i o n s   in   t h e   n i c k e l - b a s e d   c o a t i n g  

l a y e r s   s a t i s f y   t h e   r e l a t i o n s h i p s   ( 1 ) ,   (2)  and  ( 3 ) :  

hmax  >  0 . 0 0 2   ym  ( 1 )  

hmin   >  0  ( 2 )  

a n d  

w h e r e   hmin   >  0,  hmax  >  2  hmin   ( 3 )  

w h e r e i n   hmax  r e p r e s e n t s   a  l a r g e s t   c o a t i n g   t h i c k n e s s   o f  

t h e   c o n v e x   p o r t i o n s   and  hmin   r e p r e s e n t s   a  s m a l l e s t  

c o a t i n g   t h i c k n e s s   of   t h e   c o n c a v e   p o r t i o n s   in   t h e  

10  n i c k e l - b a s e d   c o a t i n g   l a y e r s .  

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

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

c o n v e x   p o r t i o n s   a r e   s p a c e d   a p a r t   in   t h e   r a n g e   of   f r o m   1 

t o   30  ym,  t h e   c o a t i n g   t h i c k n e s s   of   t h e   c o n c a v e   p o r t i o n s  

15  i s   0 . 0 7   ym  or   l e s s ,   t h e   c o a t i n g   t h i c k n e s s   of   t h e   c o n v e x  

p o r t i o n s   i s   0 . 2 0   ym  or   more   and  t h e   a v e r a g e   c o a t i n g  

t h i c k n e s s   of  t h e   e n t i r e   t i n   c o a t i n g   l a y e r s   i s   0 . 1 7   ym  o r  

l e s s .  

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

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

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

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

e l e c t r o l y s e d   c h r o m a t e   s u r f a c e   c o a t i n g   l a y e r s   has   a n  
2 

a v e r a g e   a m o u n t   o f   3  to   30  mg/m  in  t e r m s   of  m e t a l l i c  

25  c h r o m i u m ,   p e r   s u r f a c e   o f   t h e   s t e e l   s t r i p   s u b s t r a t e .  

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

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

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

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

30  s t r i p ;   a n d  

(b)  m u l t i - c o a t i n g   l a y e r s   f o r m e d   on  b o t h  

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

c o m p r i s i n g :  

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

35  on  t h e   s u b s t r a t e   s u r f a c e s ,   c o n s i s t i n g  

e s s e n t i a l l y   of   an  F e - N i - S n - b a s e d   a l l o y   a n d  

h a v i n g   a  n u m b e r   of   c o n v e x   p o r t i o n s   and  c o n c a v e  
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p o r t i o n s   t h e r e o f ,   ( i i )   i n t e r m e d i a t e   c o a t i n g  

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

5  t h e r e o f ,   and  ( i i i )   s u r f a c e   c o a t i n g   l a y e r s  
f o r m e d   on  t h e   i n t e r m e d i a t e   c o a t i n g   l a y e r s   b y  
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 ,  

t h e   b a s e   and  i n t e r m e d i a t e  

c o a t i n g   l a y e r s   h a v i n g   b e e n   p r o v i d e d   by  p l a t i n g  
J-®  t h e   s u b s t r a t e   w i t h   m e t a l l i c   n i c k e l   or   a  

n i c k e l - b a s e d   a l l o y   to   fo rm  n i c k e l   b a s e d  

c o a t i n g   l a y e r   on  b o t h   t h e   u p p e r   and  l o w e r  
s u r f a c e s   o f   t h e   s u b s t r a t e ,   e a c h   of   w h i c h  

l a y e r s   i s   in   an  a v e r a g e   a m o u n t   of   2  t o  
2 

15  100  mg/m  and  i s   p r o v i d e d   w i t h   a  n u m b e r   o f  

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

w h i c h   l a y e r s   p o r t i o n s   t h e r e o f   h a v i n g   a  c o a t i n g  
t h i c k n e s s   of   0 . 0 0 1   ym  or  more   h a v e   a  t o t a l  

a r e a   c o r r e s p o n d i n g   to  10%  to   90%  of   t h e   e n t i r e  

20  a r e a   of   t h e   s u r f a c e s   of   t h e   s u b s t r a t e ,   b y  

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

l a y e r s ,   t i n   c o a t i n g   l a y e r s   e a c h   of   w h i c h  

l a y e r s   i s   in   an  a v e r a g e   a m o u n t   of   200  t o  
2 25  2000  mg/m  ,  to   p r o v i d e   a  p r e c u r s o r y   c o a t e d  

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

or  h i g h e r   t h a n   t h e   m e l t i n g   p o i n t   of   t h e   t i n  

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