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T e c h n i c a l   F i e l d   of  the  I n v e n t i o n  
This   i n v e n t i o n   r e l a t e s   to  a l u m i n u m - c o a t e d   s t e e l  

s h e e t s   for   e n a m e l i n g   on  which  e x c e l l e n t   enamel  c o a t i n g s  
can  be  o b t a i n e d .  

Background   of  the  I n v e n t i o n  

S t e e l   s h e e t s   the  s u r f a c e   of  which  is  c o a t e d   w i t h  

a luminum,   h o t - d i p   a l u m i n u m - c o a t e d   s t e e l   s h e e t s   for  i n s t a n c e ,  
have  e x c e l l e n t   h e a t   r e s i s t a n c e ,   c o r r o s i o n   r e s i s t a n c e ,   e t c . ,  
and  are  w i d e l y   used  for   a u t o m o b i l e   e x h a u s t   gas  t r e a t m e n t  

a p p a r a t u s e s ,   p a r t s   of  d r i e r s   and  s t o v e s   which  a re   e x p o s e d  
to  high  t e m p e r a t u r e ,   r o o f i n g ,   i n t e r i o r   f i n i s h ,   e t c .  

R e c e n t l y ,   p r o d u c t i o n   of  a l u m i n u m - c o a t e d   s t e e l  
s h e e t s   the   s u r f a c e   of  which  is  ename led   or  p o r c e l a i n i z e d  
has  been  d e v e l o p e d   on  an  i n d u s t r i a l   s c a l e .   E n a m e l - c o a t i n g  
is  e f f e c t e d   by  a p p l y i n g   an  enamel   g l a z e   on  the  s u r f a c e   o f  
the  s u b s t r a t e   and  f i r i n g   i t   at   a  s u i t a b l e   t e m p e r a t u r e .  

When  a  s u b s t r a t e   of  an  a l u m i n u m - c o a t e d   s t e e l   s h e e t  

i s ,   w h e t h e r   as  is  or  a f t e r   b e i n g   formed  i n t o   the   shape  o f  

the  f i n i s h e d   p r o d u c t   by  b e n d i n g   or  p r e s s   work,  e n a m e l e d ,  
t h e r e   is  a  p r o b l e m   t h a t   a  l o t   of  minu te   b l i s t e r s   and  c r a t e r s  

occu r s   ( r e f e r r e d   to  as  " b l i s t e r   d e f e c t "   h e r e i n a f t e r )   on 
the  s u r f a c e   of  the   formed  enamel   l a y e r ,   which  d e t e r i o r a t e  
c o r r o s i o n   r e s i s t a n c e   and  a p p e a r a n c e   of  the  p r o d u c t s .  

We  have  e n d e a v o r e d   to  s o l v e   t h i s   p rob lem  and  f o u n d  
t h a t   the  b l i s t e r   d e f e c t   is  c a u s e d   by  m i c r o s c o p i c   p i n h o l e s ,  

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

p l a t e d   s h e e t s   a re   worked  for   s h a p i n g ,   e t c . ,   which  e x i s t  

in  the  p l a t e d   a luminum  l a y e r .   That  i s ,   a  p l a t e d   a l u m i n u m  

l a y e r   as  p l a t e d   is  of  the   c a s t   s t r u c t u r e   so  to  s p e a k ,   a n d  
t h e r e f o r e   i t   is  i n e v i t a b l y   a c c o m p a n i e d   by  i n c i d e n t a l   m i n u t e  

p i n h o l e s   and  n o n - p l a t e d   p o r t i o n s ,   and  is  poor  in  d u c t i l i t y  
and  e l o n g a t i o n ,   e a s i l y   d e v e l o p i n g   c r a c k i n g   when  w o r k e d .  

These  d e f e c t s   a re   r a t h e r   s l i g h t   and  h a r m l e s s   for  the  h e a t  



r e s i s t a n c e   and  c o r r o s i o n   r e s i s t a n c e   u se s .   However,  when 
the  s h e e t   is  e n a m e l e d ,   t h e s e   d e f e c t s   become  i n i t i a t i o n  
p o i n t s   of  the  above  m e n t i o n e d   b l i s t e r   d e f e c t .   T h e r e f o r e ,  
if   t h e s e   d e f e c t s   in  the  p l a t e d   aluminum  l a y e r   a r e  
e l i m i n a t e d ,   the   b l i s t e r   d e f e c t   is  a l s o   e l i m i n a t e d .  

This  i n v e n t i o n   is  based   on  t h i s   f i n d i n g ,   a n d  

p r o v i d e s   a l u m i n u m - c o a t e d   s t e e l   s h e e t s   for   e n a m e l i n g ,   t h e  
a luminum  l a y e r   of  which  is  of  the   r o l l e d - a n d - r e c r y s t a l l i z e d  
s t r u c t u r e .  
D i s c l o s u r e   of  the   I n v e n t i o n  

A c c o r d i n g   to  the   i n v e n t i o n   of  t h i s   a p p l i c a t i o n ,  
an  a l u m i n u m - c o a t e d   s t e e l   s h e e t   for   e n a m e l i n g   c o m p r i s i n g  
a  base   s t e e l   s h e e t   c h a r a c t e r i z e d   in  t h a t   the   a l u m i n u m  

c o a t i n g   l a y e r   has  a  r o l l e d - a n d - r e c r y s t a l l i z e d   s t r u c t u r e .  
That   is  to  say ,   the   s u b s t r a t e   s h e e t   for   e n a m e l i n g  

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

l a y e r   which  has  been  r o l l e d   and  a n n e a l e d   for   r e c r y s t a l l i -  

z a t i o n ,   and  thus   is  f r e e   from  p i n h o l e s   and  is  p r o v i d e d   w i t h  

good  d u c t i l i t y .   T h e r e f o r e ,   g e n e r a t i o n   of  c r a c k s   in  t h e  

c o a t e d   a luminum  l a y e r   when  the   s h e e t   is  worked  for  s h a p i n g  
is  p r e v e n t e d ,   and  thus   d e v e l o p m e n t   of  the   b l i s t e r   d e f e c t  

in  t he   s t a g e   of  e n a m e l i n g   is  s u b s t a n t i a l l y   p r e v e n t e d .  
The  a l u m i n u m - c o a t e d   s t e e l   s h e e t   for   e n a m e l i n g  

a c c o r d i n g   to  the   i n v e n t i o n   of  t h i s   a p p l i c a t i o n   is  p r o d u c e d  
for   i n s t a n c e   by  a l u m i n u m - p l a t i n g   a  base   s t e e l   s h e e t   by  t h e  

c o n v e n t i o n a l   p r o c e s s ,   r o l l i n g   the  s h e e t   and  a n n e a l i n g   t h e  

r o l l e d   s h e e t   for   r e c r y s t a l l i z a t i o n .  
As  the   base   s h e e t ,   o r d i n a r y   low  ca rbon   s t e e l  

( u s u a l l y   abou t   0.2  %  by  we igh t   of  C  or  l e s s )   s h e e t   i s  

p r e f e r a b l y   used  from  the  v i e w p o i n t   of  f o r m a b i l i t y .   The  

lower   t he   C  c o n t e n t   i s ,   the  h i g h e r   the   t e m p e r a t u r e   o f  

f o r m a t i o n   of  the  Al -Fe   i n t e r m e t a l l i c   compound  ( s i m p l y  
r e f e r r e d   to  as  " a l l o y "   h e r e i n a f t e r )   at  the   i n t e r f a c e   b e t w e e n  

the  base   s t e e l   s h e e t   and  the  p l a t e d   a luminum  l a y e r   i s .  

This  f a c t   is  a d v a n t a g e o u s   in  t h a t   a l l o y i n g   of  the  c o a t e d  



aluminum  l a y e r   in  the  c o u r s e   of  the  r e c r y s t a l l i z a t i o n  
a n n e a l i n g   and  the  l a t e r   f i r i n g   is  r e t a r d e d   and  thus  a d h e s i o n  
of  the  r e s u l t i n g   enamel  l a y e r   is  improved .   In  t h i s   r e s p e c t ,  
the  p r e f e r r e d   C  c o n t e n t   is  not  more  than  about   0.02  %. 
N i t r o g e n   (N)  has  an  e f f e c t   to  r a i s e   the  a l l o y   f o r m a t i o n  

t e m p e r a t u r e ,   t oo ,   and  t h e r e f o r e   i t   is  p r e f e r r e d   t h a t   b a s e  
s t e e l   s h e e t s   c o n t a i n   about   0 . 0 0 1  -   0.02  %  by  we igh t   N. 

The  a luminum  c o a t i n g   l a y e r   can  be  formed  by 
h o t - d i p   p l a t i n g ,   vacuum  e v a p o r a t i o n ,   powder  c o a t i n g ,  
c l a d d i n g ,   e t c .   When  h o t - d i p   a luminum  p l a t i n g   of  base  s t e e l  
s h e e t s   is  c a r r i e d   o u t ,   the   Al -Fe   a l l o y   is  u s u a l l y   f o r m e d  
at  the  i n t e r f a c e   be tween   the  base   s t e e l   s h e e t   and  the  p l a t e d  
l a y e r .   If  the  a l l o y ,   which  is  ha rd   and  b r i t t l e ,   is  p r o d u c e d  
in  a  l a r g e   amount ,   i t   w i l l   c ause   c r a c k i n g   when  the  p l a t e d  
s h e e t   is  r o l l e d .   In  o r d e r   to  p r e v e n t   t h i s ,   i t   is  e f f e c t i v e  

to  use  an  A l - S i   p l a t i n g   ba th   c o n t a i n i n g   not  l e s s   than   a b o u t  
1.0  % by  w e i g h t   of  s i l i c o n   (Si)  i n s t e a d   of  a  nea t   Al  b a t h .  

By  the  use  of  t h i s   b a t h ,   the   t h i c k n e s s   of  the  a l l o y   l a y e r  
formed  d u r i n g   p l a t i n g   can  be  r e s t r a i n e d   to  about   2  -   5  µm 
or  l e s s ,   and  thus   o c c u r r e n c e   of  c r a c k i n g   d u r i n g   r o l l i n g  

can  be  a v o i d e d .   However ,   if   the   ba th   c o n t a i n s   too  much 

Si,   hard   and  b r i t t l e   p l a t e - l i k e   c r y s t a l s   of  Si  appea r   s p r e a d  

t h r o u g h o u t   the  p l a t e d   l a y e r   and  cause   c r a c k i n g   d u r i n g  
r o l l i n g .   The  Si  c o n t e n t   s h o u l d   p r e f e r a b l y   be  not  more  t h a n  
15  %  by  w e i g h t .  

A f t e r   a  r e q u i r e d   t h i c k n e s s   of  aluminum  l a y e r   h a s  

been  fo rmed ,   the  p l a t e d   s h e e t   is  s u b j e c t e d   to  r o l l i n g .  
E i t h e r   of  co ld   r o l l i n g   or  warm  r o l l i n g   (at   about   1 0 0  -  

450°C,  for   i n s t a n c e )   w i l l   do.  About  10  %  r e d u c t i o n   i s  

r e q u i r e d   in  o r d e r   to  f i l l   up  p i n h o l e s   and  u n p l a t e d   p o r t i o n s  
of  the  c a s t   s t r u c t u r e   of  the  p l a t e d   l a y e r ,   a l t h o u g h   t h e  
d e g r e e   of  r e d u c t i o n   can  be  s u i t a b l y   s e l e c t e d   i n  

c o n s i d e r a t i o n   of  the  t h i c k n e s s   of  the   s t a r t i n g   s h e e t   a n d  

t h a t   of  the  f i n i s h e d   s h e e t .   E s p e c i a l l y ,   if  a  s h e e t   i s  

r o l l e d   down  by  more  than  20  %,  not  only   the  c o a t e d   a l u m i n u m  



l a y e r   but  a l s o   the  base  s t e e l   s h e e t   is  m o d i f i e d   to  r o l l e d  

s t r u c t u r e ,   and  t h e i r   r e c r y s t a l l i z a t i o n   t e m p e r a t u r e   i s  
l o w e r e d .   Thus  r e c r y s t a l l i z a t i o n   of  base  s t e e l   s h e e t s   i s  
a c h i e v e d   at   a  lower   t e m p e r a t u r e .   This  f a c t   is  a l s o  

a d v a n t a g e o u s   in  t h a t   a l l o y i n g   of  the  c o a t e d   aluminum  l a y e r  
in  the   c o u r s e   of  a n n e a l i n g   is  i n h i b i t e d .   When  the  a l u m i n u m  

c o a t i n g   l a y e r   is  formed  by  h o t - d i p   p l a t i n g ,   if  r o l l i n g   i s  
c a r r i e d   out   by  more  than  20  %,  an  a l l o y   l a y e r   formed  i n  
the  i n t e r f a c e   be tween   the  base   s t e e l   s h e e t   and  the  p l a t e d  
a luminum  l a y e r   d u r i n g   p l a t i n g   is  d i v i d e d   m i n u t e l y .   T h i s  
f a c t   c o n t r i b u t e s   to  p r e v e n t i o n   of  s e p a r a t i o n   of  a n d / o r  
c r a c k i n g   in  t he   p l a t e d   l a y e r ,   which  would  be  c aused   d u r i n g  
the   l a t e r   s h a p i n g   work.  However,   too  high  r e d u c t i o n   a g a i n  
c a u s e s   c r a c k i n g   in  the  p l a t e d   a luminum  l a y e r ,   which  i n d u c e s  
the   b l i s t e r   d e f e c t   in  the  f i n i s h e d   enamel .   So  the   r e d u c t i o n  
is  p r e f e r a b l y   l i m i t e d   to  70  %. 

The  r o l l e d   a l u m i n u m - p l a t e d   s t e e l   s h e e t   is  now 
s u b j e c t e d   to  r e c r y s t a l l i z a t i o n   a n n e a l i n g ,   s i n c e   the   p l a t e d  
a luminum  l a y e r   is  of  a  w o r k - h a r d e n e d   r o l l e d   s t r u c t u r e   a n d  

is  poor  in  d u c t i l i t y .   A n n e a l i n g   is  p r e f e r a b l y   c a r r i e d   o u t  
at  abou t   2 5 0  -   480°C.  The  a n n e a l i n g   w i l l   be  r e q u i r e d   f o r  
abou t   10  min.  to  3  h o u r s ,   for   i n s t a n c e .   So,  by  t h i s  

a n n e a l i n g   the   p l a t e d   a luminum  l a y e r   is  p r o v i d e d   wi th   good  

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

The  s t r u c t u r e   of  the  p l a t e d   a luminum  l a y e r   o f  
the   t hus   o b t a i n e d   a l u m i n u m - p l a t e d   s t e e l   s h e e t   is  s i m i l a r  

to  the   f o r g e d   s t r u c t u r e   r a t h e r   than   the  i n i t i a l   c a s t  

s t r u c t u r e .   The  p l a t e d   l a y e r   is  e n t i r e l y   f r e e   from  p i n h o l e s ,  
and  has  good  m e c h a n i c a l   p r o p e r t i e s ,   e s p e c i a l l y   d u c t i l i t y .  
So  t h i s   m a t e r i a l   can  be  used  as  the   s u b s t r a t e   for  e n a m e l i n g  

as  is  or  a f t e r   s h a p i n g   as  d e s i r e d ,   and  g ives   e x c e l l e n t  

e n a m e l e d   p r o d u c t s   f r e e   from  the  b l i s t e r   d e f e c t .  
In  the   s u b s t r a t e   s h e e t   of  t h i s   i n v e n t i o n   w h i c h  

is  m a n u f a c t u r e d   by  the   p r o c e s s   e x p l a i n e d   above ,   t h e  



t e m p e r a t u r e   of  a l l o y   f o r m a t i o n   at  the  i n t e r f a c e   b e t w e e n  
the  base  s t e e l   s h e e t   and  the  a luminum  c o a t i n g   l a y e r   is  h i g h ,  
and  t h e r e f o r e ,   and  the  a l l o y   is  not  e a s i l y   formed  when  t h e  
s u b s t r a t e   is  s u b j e c t e d   to  h igh  t e m p e r a t u r e s .   This  r i s e  

in  a l l o y   f o r m a t i o n   t e m p e r a t u r e   is  m a r k e d l y   e x h i b i t e d   when 
the  r e c r y s t a l l i z a t i o n   a n n e a l i n g   is  c a r r i e d   out  at  a  r a t h e r  

high  t e m p e r a t u r e   w i t h i n   the  a b o v e - m e n t i o n e d   r ange   ( a b o u t  
250 -   480°C) ,   p r e f e r a b l y   in  the  range   of  about   300  -   4 8 0 ° C .  
The  f a c t   t h a t   the  a l l o y   f o r m a t i o n   t e m p e r a t u r e   is  h igh  i s  

very  s i g n i f i c a n t   in  t h a t   a  h i g h e r   f i r i n g   t e m p e r a t u r e   c a n  
be  employed   in  the  s t e p   of  enamel  l a y e r   f o r m a t i o n .  

A l u m i n u m - c o a t e d   s t e e l   s h e e t s   d e v e l o p   an  a l l o y   be tween   t h e  
base  s t e e l   s h e e t   and  the  c o a t e d   a luminum  l a y e r   b e c a u s e   o f  
mutua l   d i f f u s i o n   of  Fe  and  Al  when  they  a re   s u b j e c t e d   t o  
a  h igh  t e m p e r a t u r e   of  abou t   500°C  or  h i g h e r .   In  a n  
e x t r e m e l y   c a s e ,   the   a luminum  l a y e r   is  a l l o y e d   up  to  t h e  

s u r f a c e   and  becomes  g r a y i s h   b l a c k .   If  such  a l l o y   f o r m a t i o n  

o c c u r s   d u r i n g   the   enamel   f o rming   f i r i n g ,   the   r e s u l t i n g  
enamel  c o a t i n g   l a y e r   is  poor  in  a d h e s i o n   to  the   s u b s t r a t e  
and  e a s i l y   s c a l e s   o f f .   T h e r e f o r e ,   h igh  f i r i n g   t e m p e r a t u r e s  
c a n n o t   be  e m p l o y e d ,   and  s e l e c t i o n   of  u s a b l e   g l a z e s   i s  

s t r i c t l y   r e s t r i c t e d .   In  c o n t r a s t ,   the  s u b s t r a t e   s h e e t s  
for  e n a m e l i n g   in  a c c o r d a n c e   w i th   t h i s   i n v e n t i o n   have  h i g h  

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

been  a n n e a l e d   at  a  t e m p e r a t u r e   of  abou t   300°C  or  h i g h e r ,  
do  not  u n d e r g o   p r a c t i c a l l y   no  a l l o y i n g   even  if  they   a r e  

s u b j e c t e d   to  a  h igh   f i r i n g   t e m p e r a t u r e   in  e x c e s s   of  5 0 0 ° C ,  
about   550°C  or  h i g h e r .   Thus  g l a z e s   can  be  s e l e c t e d   f r o m  
a  wide  r ange   of  m a t e r i a l s   and  e n a m e l i n g   can  be  e f f e c t e d  

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

to  the  s u b s t r a t e .   As  the  r e s u l t ,   enamel   p r o d u c t s   w i t h  

e x c e l l e n t   enamel   l a y e r   c h a r a c t e r i s t i c s   such  as  c h e m i c a l  

r e s i s t a n c e ,   h a r d n e s s ,   l u s t e r   e t c .   can  be  o b t a i n e d .   As 

s t a t e d   above ,   the  a l l o y   f o r m a t i o n   t e m p e r a t u r e   is  r e m a r k a b l y  
r a i s e d   when  the   C  c o n t e n t   of  the   base  s t e e l   s h e e t   is  l o w e r  



and  the  Al  c o a t i n g   l a y e r   c o n t a i n s   S i .  
When  a  s u b s t r a t e   s h e e t   of  t h i s   i n v e n t i o n   is  u s e d  

a f t e r   be ing   s t r o n g l y   worked  in  a c c o r d a n c e   with  the  s h a p e  
d e s i r e d   in  the  f i n i s h e d   p r o d u c t ,   w o r k a b i l i t y   of  the   b a s e  
s t e e l   s h e e t   is  o f t e n   a  p rob lem.   Because   when  an  a l u m i n u m -  
c o a t e d   s t e e l   s h e e t   is  r o l l e d   by  20  % or  more  in  o r d e r   t o  

m i n u t e l y   d i v i d e   the   a l l o y   l a y e r   formed  at  the  i n t e r f a c e  
be tween   the  s u b s t r a t e   s t e e l   s h e e t   and  the   c o a t e d   a l u m i n u m  

l a y e r   d u r i n g   c o a t i n g   o p e r a t i o n ,   or  a  h i g h e r   r o l l i n g  
r e d u c t i o n   is  employed   b e c a u s e   of  the  d i f f e r e n c e   in  t h i c k n e s s  
be tween   the   base   s t e e l   s h e e t   and  the  f i n i s h e d   p r o d u c t   s h e e t ,  
not   only   the   c o a t i n g   l a y e r   but  a l s o   the  base  s t e e l   s h e e t  
is  changed   to  the   r o l l e d   s t r u c t u r e   wi th   work  h a r d e n i n g .  
This  work  h a r d e n i n g   is  not   e l i m i n a t e d   by  the  a n n e a l i n g   f o r  

r e c r y s t a l l i z a t i o n   of  the   a luminum  c o a t i n g   l a y e r .   Of  c o u r s e ,  
no  d i f f i c u l t y   is  e n c o u n t e r e d   when  such  a  s u b s t r a t e   s h e e t  

is  ename led   as  a  f l a t   s h e e t   or  a f t e r   u n d e r g o i n g   a  l i g h t  
d e g r e e   of  s h a p i n g   work  such  as  bend ing   or  p r e s s i n g .  
However,   when  s t r o n g   work ing   such  as  deep  d rawing   is  a p p l i e d  
to  the  s u b s t r a t e   s h e e t ,   the   work  h a r d e n i n g   of  the   base   s h e e t  

must  be  e l i m i n a t e d .   In  such  a  c a s e ,   the  a n n e a l i n g   a f t e r  
the  r o l l i n g   s h o u l d   be  c a r r i e d   out  at  a  t e m p e r a t u r e   h i g h e r  
than   the   r e c r y s t a l l i z a t i o n   t e m p e r a t u r e   of  the  base   s t e e l  

s h e e t .   The  t e m p e r a t u r e   is  p r e f e r a b l y   abou t   5 0 0  -   6 0 0 ° C .  

I t   must  not   e x c e e d   abou t   600°C  in  o r d e r   to  a v o i d   m e l t i n g  
of  the  c o a t e d   a luminum  l a y e r .   By  t h i s   a n n e a l i n g   t h e  

a luminum  c o a t i n g   l a y e r   is  s i m u l t a n e o u s l y   r e c r y s t a l l i z e d  
and  both   the   base   s h e e t   and  the  c o a t i n g   l a y e r   b e c o m e  

r o l l e d - a n d - r e c r y s t a l l i z e d   s t r u c t u r e .  
In  t h i s   c a s e ,   however ,   ca re   must  be  t a k e n   n o t  

to  c ause   a l l o y i n g   of  the  a luminum  c o a t i n g   l a y e r   s i n c e   t h e  

a n n e a l i n g   is  c a r r i e d   out  at  a  h i g h e r   t e m p e r a t u r e   i n  

c o m p a r i s o n   wi th   the  a n n e a l i n g   i n t e n d e d   for  r e c r y s t a l l i z a t i o n  

of  the  a luminum  c o a t i n g   l a y e r   only  (about   250  -   4 8 0 ° C ) .  

In  t h i s   r e s p e c t ,   employment   of  a  low  ca rbon   c o n t e n t   b a s e  



shee t   and  a  S i - c o n t a i n i n g   aluminum  c o a t i n g   l a y e r   i s  
e f f e c t i v e   as  m e n t i o n e d   above.   But  i t   is  very  e f f e c t i v e  

to  c a r r y   out  the  a n n e a l i n g   in  two  s t e p s .   That  i s ,   the   f i r s t  

s t ep   a n n e a l i n g   is  e f f e c t e d   at  a  r a t h e r   low  t e m p e r a t u r e ,  
p r e f e r a b l y   in  a  r ange   of  about   300  -   480°C,  and  the  s e c o n d  

s t ep   a n n e a l i n g   is  e f f e c t e d   at  a  h i g h e r   t e m p e r a t u r e ,  

p r e f e r a b l y   in  a  r ange   of  abou t   5 0 0  -   550°C,  which  is  t h e  

t e m p e r a t u r e   r a n g e   in  which  the  base  s t e e l   s h e e t   i s  

r e c r y s t a l l i z e d .   The  f i r s t   s t e p   a n n e a l i n g   is  c a r r i e d   o u t  

over  a  r ange   of  abou t   3  -  1 0   hours   for  i n s t a n c e ,   and  t h e  
second  s t e p   a n n e a l i n g   is  c a r r i e d   out  over   a  r a n g e   of  a b o u t  
3  -  1 2   h o u r s .   By  such  a  two  s t e p   a n n e a l i n g ,   s u b s t r a t e  

s h e e t s   for   e n a m e l i n g ,   which  have  good  w o r k a b i l i t y   wi th   t h e  

base  s t e e l   s h e e t   and  the  a luminum  c o a t i n g   l a y e r   b o t h  

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

the  i n t e r f a c e .   And  s u b s t r a t e   s h e e t s   o b t a i n e d   by  t h i s   two  

s t e p   a n n e a l i n g   can  be  f i r e d   for   e n a m e l i n g   at  a  t e m p e r a t u r e  
h i g h e r   t han   a b o u t   500°C  w i t h o u t   s u f f e r i n g   from  a l l o y i n g  
at  the  i n t e r f a c e ,   s i n c e   t h e i r   a l l o y i n g   t e m p e r a t u r e   is  h i g h .  

T h e r e f o r e ,   the   p r o d u c t s   are   f r e e   from  the  p r o b l e m   of  p o o r  
a d h e s i o n ,   and  have  f a r   more  e x c e l l e n t   enamel  c o a t i n g   t h a n  

the  c o n v e n t i o n a l   enamel  p r o d u c t s ,   and  g l a z e s   can  be  s e l e c t e d  

from  a  w ide r   r a n g e   of  s o u r c e s .  
In  the  i n v e n t i o n   of  t h i s   a p p l i c a t i o n ,   t h e r e   i s  

e s s e n t i a l l y   no  r e s t r i c t i o n   on  the  t h i c k n e s s   of  the   b a s e  

s t e e l   s h e e t   and  the   a luminum  c o a t i n g   l a y e r .   The  r e d u c t i o n  

in  r o l l i n g   can  be  s u i t a b l y   s e l e c t e d   w i t h i n   the  a b o v e -  

m e n t i o n e d   r a n g e   in  a c c o r d a n c e   wi th   the  t h i c k n e s s   of  t h e  

a l u m i n u m - c o a t e d   s t e e l   s h e e t   and  the  t h i c k n e s s   of  t h e  

f i n i s h e d   enamel   p r o d u c t .   In  o r d e r   to  o b t a i n   a  s u b s t r a t e  
s h e e t   of  a  d e s i r e d   t h i c k n e s s ,   r o l l i n g   and  r e c r y s t a l l i z a t i o n  
a n n e a l i n g   can  be  r e p e a t e d   as  many  t imes   as  r e q u i r e d .  
B r i e f   D e s c r i p t i o n  o f   the  A t t a c h e d   D r a w i n g s  

Now  the  i n v e n t i o n   is  s p e c i f i c a l l y   d e s c r i b e d   w i t h  

r e f e r e n c e   to  the  a t t a c h e d   d r a w i n g s ,   w h e r e i n :  



Fig.   1  shows  the  shape  of  the   t e s t   p i e c e   for  t h e  
bend ing   t e s t   of  s u b s t r a t e   s h e e t s   for  e n a m e l i n g ;   a n d  

Fig.   2  shows  the  shape  of  the  t e s t   p i e c e   for   t h e  

deep  d r awing   t e s t   of  s u b s t r a t e   s h e e t s   for  e n a m e l i n g .  
S p e c i f i c   D e s c r i p t i o n   of  the   I n v e n t i o n  

An  a l u m i n u m - p l a t e d   s h e e t s   for  e n a m e l i n g   was 
o b t a i n e d   by  h o t - d i p   p l a t i n g   a  0.8  mm  t h i c k   cold   r o l l e d   low 
ca rbon   p l a i n   s t e e l   s h e e t s ,   the   s u r f a c e s   of  which  had  b e e n  

d e g r e a s e d   and  c l e a n e d   by  h e a t i n g   in  a  r e d u c t i o n   a t m o s p h e r e  
f u r n a c e ,   by  p a s s i n g   them  t h r o u g h   an  A l - S i   p l a t i n g   ba th   ( S i  
c o n t e n t :   9  %  by  w e i g h t ;   t e m p e r a t u r e :   670°C)  in  a  S e n d z i m i r  

a p p a r a t u s .   The  o b t a i n e d   a l u m i n u m - c o a t e d   s t e e l   s h e e t s   w e r e  
r o l l e d   w i t h   r e d u c t i o n s   of  5  -   80  %,  and  a n n e a l e d   a t  

t e m p e r a t u r e s   of  2 5 0  -   500°C  for   6  h o u r s .   Thus  20  a l u m i n u m  
c o a t e d   s t e e l   s h e e t   s a m p l e s   were  o b t a i n e d .  

A  c o m m e r c i a l l y   a v a i l a b l e   enamel   g l a z e   f o r  
a l u m i n u m - c o a t e d   s t e e l   s h e e t s   was  made  i n t o   a  s u i t a b l e   s l i p  
and  was  a p p l i e d   by  s p r a y i n g   onto   the   s u r f a c e s   of  t h e  
a l u m i n u m - c o a t e d   s t e e l   s h e e t s   o b t a i n e d   as  d e s c r i b e d   a b o v e  

to  a  t h i c k n e s s   of  80  µm,  and  were  f i r e d   at   550°C  for   7 

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

P r o p e r t i e s   of  the   a luminum  c o a t i n g   l a y e r s   of  t h e  

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

a l l o y i n g )   a re   s u m m a r i z e d   in  Tab le   1  and  the  c h a r a c t e r i s t i c s  

of  the  e n a m e l e d   p r o d u c t s   ( b l i s t e r   d e f e c t   and  a d h e s i o n )   a r e  
summar i zed   in  T a b l e   2.  

(A)  P r o p e r t i e s   of  a luminum  c o a t i n g   l a y e r .  
i.  P i n h o l e s   and  c r a c k s .  

M i c r o s c o p i c a l l y   o b s e r v e d .   R e s u l t s   a r e  
s u m m a r i z e d   in  the   column  "P".  The  symbols   have  t h e  

f o l l o w i n g   m e a n i n g s :  
o  :   N e i t h e r   p i n h o l e s   nor  c r a c k s .  

x :   P i n h o l e s   or  c r a c k s   o b s e r v e d .  

i i .   S t a t e   of  r e c r y s t a l l i z a t i o n .  
J u d g e d   on  the   b a s i s   of  V i c k e r s   h a r d n e s s   a n d  



o b s e r v a t i o n   by  a  m e t a l l o g r a p h i c   m i c r o s c o p e .  
R e s u l t s   a re   summar i zed   in  the  column  " R . C . " .  

o  :   Good  r e c r y s t a l l i z a t i o n  
x  :  I n s u f f i c i e n t   r e c r y s t a l l i z a t i o n  
i i i .   S t a t e   of  a l l o y i n g .  

M i c r o s c o p i c a l l y   o b s e r v e d .   R e s u l t s   a re   s u m m a r i z e d  

in  the   column  "A" .  

o  :   No  a l l o y   f o r m a t i o n  

x  :  Al loy   formed  ( g r a y i s h   b lack   s u r f a c e )  

(B)  C h a r a c t e r i s t i c s   of  enamel   l a y e r .  
i.  B l i s t e r   d e f e c t .  

O b s e r v e d   w i th   a  10  power  l oupe .   R e s u l t s   a r e  

s u m m a r i z e d   in  the  column  " F " .  

o  :   No  b l i s t e r   d e f e c t  

x :   B l i s t e r   d e f e c t  

i i .   A d h e s i o n .  
A d h e s i o n   was  d e t e r m i n e d   in  a c c o r d a n c e   w i th   t h e  

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

of  the   r e s i d u a l   enamel   l a y e r   when  a  t e s t   p i e c e   was 

p l a c e d   be tween   a  die   wi th   a  25.5  mm  d i a m e t e r   ho le   a n d  

a  punch  25  mm  in  d i a m e t e r   and  a  1  kg  we igh t   was  d r o p p e d  

t h e r e u p o n   so  as  to  form  a  d e f o r m a t i o n   r e c e s s   3  mm  i n  

maximum  d e p t h .   The  r e s u l t s   are   summar ized   in  t h e  

column  "AD". 
@ :  Good  a d h e s i o n   (no  s c a l i n g )  

Δ :  I n s u f f i c i e n t   a d h e s i o n   (1  -   50  %  s c a l i n g )  

x :   Poor  a d h e s i o n   (more  than   50  %  s c a l i n g )  







As  seen  in  T a b l e s   1  and  2,  in  the  s u b s t r a t e   s h e e t s  
which  were  o b t a i n e d   by  1 0  -   70  %  r e d u c t i o n   r o l l i n g   a n d  

r e c r y s t a l l i z a t i o n   a n n e a l i n g   at   abou t   250  -   480°C,  p i n h o l e s  
of  the   a luminum  c o a t i n g   l a y e r   were  c o m p l e t e l y   f i l l e d   up 
and  e l i m i n a t e d   and  the  l a y e r   had  a  good  r o l l e d - a n d -  

r e c r y s t a l l i z e d   s t r u c t u r e .   The  r e s u l t i n g   enamel  l a y e r   was 
f r e e   from  b l i s t e r   d e f e c t   and  had  no  p rob lem  r e g a r d i n g  
a d h e s i o n .   E s p e c i a l l y ,   t h e r e   was  o b s e r v e d   an  obv ious   t r e n d  
t h a t   the   r e c r y s t a l l i z a t i o n   a n n e a l i n g   t e m p e r a t u r e   cou ld   be  
r a i s e d   as  the   C  c o n t e n t   of  the   base   s t e e l   s h e e t   became  
lower .   I t   w i l l   be  n o t e d   t h a t   both   in  the   case   where  t h e  

r o l l i n g   r e d u c t i o n   was  l e s s   t han   10 %  and  in  the  case   w h e r e  
i t   was  more  t han   70  %,  b l i s t e r   d e f e c t   d e v e l o p e d .   This  i s  

b e c a u s e ,   in  the   f o r m e r ,   r o l l i n g  r e d u c t i o n   was  i n s u f f i c i e n t  
and  p i n h o l e s   r e m a i n e d ,   and  in  the   l a t t e r ,   r o l l i n g   r e d u c t i o n  

was  e x c e s s i v e   and  c r a c k i n g   o c c u r r e d   in  the   aluminum  c o a t i n g  
l a y e r .  

E x p e r i m e n t a l   r e s u l t s   p e r t a i n i n g   to  the  r e l a t i o n  
be tween   the   Si  c o n t e n t   of  the   p l a t i n g   ba th   and  t h e  

w o r k a b i l i t y   of  the   p l a t e d   a luminum  l a y e r   a re   shown  in  T a b l e  

3.  S t e e l   s h e e t s   (C  c o n t e n t :   0.05  %)  1.2  mm  in  t h i c k n e s s  

were  p l a t e d   wi th   Al  to  a  t h i c k n e s s   of  120  µm  by  p a s s i n g  
them  t h r o u g h   p l a t i n g   A l - S i   b a t h s   of  d i f f e r e n t   Si  c o n t e n t s  

by  the   c o n v e n t i o n a l   me thod ,   and  they   were  c o l d - r o l l e d   w i t h  

r e d u c t i o n   of  10  -   70  %.  C r a c k i n g   and  s c a l i n g   of  the   r o l l e d  
s h e e t s   were  m i c r o s c o p i c a l l y   o b s e r v e d .   As  seen  in  T a b l e  

3,  when  the   Si  c o n t e n t   of  the   ba th   ( a c c o r d i n g l y   the  f o r m e d  

a luminum  c o a t i n g )   was  low,  the   a l l o y   l a y e r   at  the  i n t e r f a c e  

be tween   the   base   s t e e l   s h e e t   and  the   a luminum  c o a t i n g   l a y e r  

d e v e l o p s   c r a c k i n g   and  the   c o a t i n g   l a y e r   d e v e l o p e d   c r a c k i n g  
and  s c a l i n g   even  if   the   r o l l i n g   r e d u c t i o n   was  low.  T h i s  

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

p l a t i n g .   On  the  o t h e r   hand,   when  the  Si  c o n t e n t   was  t o o  

h igh ,   c r a c k i n g   o c c u r r e d .   This   is  b e c a u s e   hard  and  b r i t t l e  

p l a t e - l i k e   c r y s t a l s   of  Si  were  formed  in  the  p l a t e d   l a y e r .  



For  t h i s   r e a s o n   i t   is  d e s i r a b l e   t h a t   the  bath  c o n t a i n s   a b o u t  

1  -  15  %  by  w e i g h t   S i .  





E x p e r i m e n t a l   r e s u l t s   p e r t a i n i n g   to  the  r e l a t i o n  
be tween  the  Si  c o n t e n t   of  the  p l a t e d   a luminum  l a y e r   a n d  
the  a d h e s i o n   of  the  r e s u l t i n g   enamel  l a y e r   are  shown  i n  
Table   4.  The  e x p e r i m e n t s   were  c a r r i e d   out  as  f o l l o w s .  
S t e e l   s h e e t s   1.2  mm  in  t h i c k n e s s   (0.06  %  by  we igh t   C)  w e r e  
p a s s e d   t h r o u g h   A l - S i   p l a t i n g   ba th s   ( 0 . 1  -   15  % by  w e i g h t  
Si)  by  the  c o n v e n t i o n a l   method  so  as  to  form  a  120  jm  t h i c k  

p l a t e d   l a y e r   and  the  p l a t e d   s h e e t s   were  c o l d - r o l l e d   w i t h  
20  %  r e d u c t i o n .   The  s h e e t s   were  a n n e a l e d   at  300°C  in  o r d e r  
to  r e c r y s t a l l i z e   the  p l a t e d   Al  l a y e r   (6  h o u r s ) .   A 

c o m m e r c i a l l y   a v a i l a b l e   g l a z e   was  a p p l i e d   onto   the  s u b s t r a t e  

s h e e t s   o b t a i n e d   as  d e s c r i b e d   above  to  a  t h i c k n e s s   of  80  µm, 
and  the   s h e e t s   were  f i r e d .   The  thus   o b t a i n e d   e n a m e l e d  

p r o d u c t s   were  t e s t e d   by  the  a b o v e - d e s c r i b e d   drop  i m p a c t  
d e f o r m a t i o n   method  and  e v a l u a t e d   by  the   amount  of  t h e  

r e m a i n i n g   enamel  l a y e r .   The  symbols   in  the   t a b l e   have  t h e  

same  m e a n i n g s   as  e x p l a i n e d   above .   I t   w i l l   be  n o t e d   t h a t  

a d h e s i o n   was  s a t i s f a c t o r y   when  the  Si  c o n t e n t   was  1  -  15  % 

by  w e i g h t .   This  is  b e c a u s e   the  a l l o y   f o r m a t i o n   t e m p e r a t u r e  
was  r a i s e d   by  the  e x i s t e n c e   of  Si  and  thus   a l l o y   f o r m a t i o n  

d u r i n g   the   f i r i n g   was  i n h i b i t e d .  

C o n c e r n i n g   the  r o l l e d - a n d - r e c r y s t a l l i z e d   s t r u c t u r e  
of  both   the  a luminum  c o a t i n g   l a y e r   and  the  base  s t e e l   s h e e t ,  
the  f o l l o w i n g   e x p e r i m e n t s   were  c a r r i e d   o u t .  

Low  ca rbon   s t e e l   s h e e t s   0.8  mm  in  t h i c k n e s s   (C 
c o n t e n t :   0 . 1 5  -   0.01  % by  w e i g h t )   were  d e g r e a s e d   and  h e a t e d  

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

s u r f a c e s   t h e r e o f ,   and  then  were  p a s s e d   t h r o u g h   an  A l - S i  

p l a t i n g   ba th   (Si  c o n t e n t :   9  % by  w e i g h t ;   t e m p e r a t u r e :   6 7 0 ° C ;  

d i p p i n g   t ime :   5  s e c o n d s ) .   The  t hus   o b t a i n e d   a l u m i n u m - p l a t e d  
s t e e l   s h e e t s   were  c o l d - r o l l e d   by  10  -   80  %.  T h e r e a f t e r ,  

they  were  h e a t e d   at  350°C  for  8  hours   as  the  f i r s t   s t e p ,  
and  h e a t e d   at  4 5 0  -   600°C  for  10  hours   as  the  second  s t e p .  

A  c o m m e r c i a l l y   a v a i l a b l e   g l a z e   for  a l u m i n u m - c o a t e d  

s t e e l   s h e e t s   was  made  i n t o   a  s u i t a b l e   s l i p   and  was  a p p l i e d  



onto  the   d e g r e a s e d   s u r f a c e s   of  the   s u b s t r a t e   s h e e t s   o b t a i n e d  
as  d e s c r i b e d   above  to  form  a  80  µm  t h i c k   g l a z e   l a y e r .   The 
s u b s t r a t e   s h e e t s   w i th   the  g l a z e   l a y e r   were  f i r e d   at  550°C 
for   7  m i n u t e s   and  enameled   p r o d u c t s   were  o b t a i n e d .  

P r o p e r t i e s   of  the   above  s u b s t r a t e s   ( s t a t e   o f  

r e c r y s t a l l i z a t i o n   of  both  the  base   s t e e l   s h e e t   and  t h e  

p l a t e d   a luminum  l a y e r ,   p i n h o l e s ,   c r a c k i n g   and  a l l o y  
f o r m a t i o n   in  the   p l a t e d   a luminum  l a y e r )   are   shown  in  T a b l e  
5.  The  c a r b o n   c o n t e n t   of  the   base   s t e e l   s h e e t s   was  0.15  % 
by  w e i g h t .   E v a l u a t i o n   and  r a t i n g   of  the   p r o p e r t i e s   w e r e  
the   same  as  s t a t e d   a b o v e .  

(i)  S t a t e   of  r o l l e d - a n d - r e c r y s t a l l i z e d   s t r u c t u r e   o f  
t he   base   s t e e l   s h e e t   and  the  p l a t e d   a luminum  l a y e r .  
( R e s u l t s   a r e   i n d i c a t e d   in  the   column  " C . R . " . )  
0 :   Good  r o l l e d - a n d - r e c r y s t a l l i z e d   s t r u c t u r e  

Δ :  I n s u f f i c i e n t   r e c r y s t a l l i z a t i o n  

x :   I n s u f f i c i e n t   r o l l i n g   and  r e c r y s t a l l i z a t i o n  
( i i )   P i n h o l e s   and  c r a c k s .   ( R e s u l t s   a re   i n d i c a t e d   i n  
the   column  " P " . )  

o  :   No  d e f e c t  

x :   P i n h o l e s   and  c r a c k s   o b s e r v e d  

( i i i )   A l loy   f o r m a t i o n .   ( R e s u l t s   a re   i n d i c a t e d   i n  
column  " A " . )  
o  :   No  a l l o y   f o r m a t i o n  

x :   Al loy   f o r m a t i o n   ( g r a y i s h   b l a c k   s u r f a c e )  





As  seen  in  Tab le   5,  Samples  N o .  1  -   4  ( r o l l i n g  
r e d u c t i o n   10  %)  were  i n s u f f i c i e n t   in  r o l l i n g   r e d u c t i o n   o f  

the  base   s t e e l   s h e e t ,   Samples  N o .  5 ,   9,  13  and  17  ( a n n e a l e d  
at  450°C)  were  i n s u f f i c i e n t   in  r e c r y s t a l l i z a t i o n   and  S a m p l e s  
No.  1 7  -   20  ( r o l l i n g   r e d u c t i o n   80  %)  were  e x c e s s i v e   i n  

r o l l i n g   r e d u c t i o n .   In  Samples  No.  1 7  -  2 0 ,   c r a c k i n g  

d e v e l o p e d .   In  c o n t r a s t ,   the   s amples   which  unde rwen t   a  2 0  -  

70  %  r e d u c t i o n   r o l l i n g   and  a  second   s t e p   a n n e a l i n g   at  5 0 0  -  
600°C  had  good  r o l l e d - a n d - r e c r y s t a l l i z e d   s t r u c t u r e   and  w e r e  
f r e e   from  p i n h o l e s   and  c r a c k s .   None  of  the   samples   s u f f e r e d  

from  a l l o y   f o r m a t i o n .   This  was  b e c a u s e   a l l   of  t h e m  

u n d e r w e n t   a  f i r s t   s t e p   a n n e a l i n g   at  3 5 0 ° C .  

The  r e l a t i o n   be tween   the  c o n d i t i o n s   of  the   f i r s t  

a n n e a l i n g   s t e p   and  the   w o r k a b i l i t y   of  t he   p l a t e d   a l u m i n u m  

l a y e r   is  shown  in  Tab le   6.  All   the   s amp le s   u n d e r w e n t   a  
second   s t e p   a n n e a l i n g   at   550°C  for   10  h o u r s .   W o r k a b i l i t y  

was  j u d g e d   by  the   c l o s e   b e n d i n g   t e s t   as  s t i p u l a t e d   i n  

JIS  Z-2248  and  the   deep  d r awing   cup  t e s t   u s i n g   a  d e e p  

d rawing   t e s t e r   fo r   t h i n   s t e e l   s h e e t s   m a r k e t e d   by  E r i c h s e n   & 

Co.  (punch  d i a m e t e r :   40  mm,  punch  s h o u l d e r   r a d i u s   o f  

c u r v a t u r e :   1  mm,  d ie   d i a m e t e r :   42  mm,  d ie   s h o u l d e r   r a d i u s  

of  c u r v a t u r e :   5  mm,  b lank   d i a m e t e r :   80  mm,  dep th   of  d r a w i n g :  
20  mm)  and  t e s t   p i e c e s   which  were  formed  by  s h a p i n g  
s u b s t r a t e   s h e e t s   i n t o   the   s h a p e s   shown  in  Fig .   1  and  F i g .  

2.  The  s u r f a c e   a p p e a r a n c e   and  the  s t a t e   of  the   p l a t e d   l a y e r  
of  the   worked  p o r t i o n   (a)  and  (b)  shown  in  the  f i g u r e s   w e r e  

o b s e r v e d ,   and  the   r e s u l t s   a re   i n d i c a t e d   in  the   t a b l e .   The 

symbols   have  the   f o l l o w i n g   m e a n i n g s :  
o  :   Good  w o r k a b i l i t y   (no  c r a c k i n g )  

6 :   Somewhat  i n s u f f i c i e n t   w o r k a b i l i t y   ( l i g h t   c r a c k i n g )  

x :   Poor  w o r k a b i l i t y   (heavy  c r a c k i n g )  





As  seen  in  Tab le   6,  the  s amples   which  u n d e r w e n t  
a  f i r s t   s t e p   a n n e a l i n g   at  3 3 0  -   450°C  e x h i b i t e d   g o o d  
w o r k a b i l i t y   of  the   p l a t e d   a luminum  l a y e r .   This  is  b e c a u s e  
the  a l l o y   f o r m a t i o n   t e m p e r a t u r e   was  r a i s e d   by  the  f i r s t  

s t e p   a n n e a l i n g   and  a l l o y   f o r m a t i o n   was  a v o i d e d   in  the  s e c o n d  

s t e p   a n n e a l i n g .   Also  i t   is  no t ed   t h a t   wi th   lower  C  c o n t e n t  
of  the  base   s t e e l   s h e e t ,   a l l o y   f o r m a t i o n   was  i n h i b i t e d   a n d  

good  w o r k a b i l i t y   of  the   p l a t e d   a luminum  l a y e r   was  r e t a i n e d .  
Enamel  c h a r a c t e r i s t i c s   of  the   o b t a i n e d   e n a m e l e d  

p r o d u c t s   ( b l i s t e r   d e f e c t   and  a d h e s i o n )   a re   shown  in  T a b l e  

7.  In  t h i s   t e s t ,   the   s ample   s u b s t r a t e   s h e e t s   were  r o l l e d  
and  a n n e a l e d ,   whereby  the   s econd   s t e p   a n n e a l i n g   was  c a r r i e d  

out  at   550°C.  Enamel  c h a r a c t e r i s t i c s   were  judged   w i t h  

r e s p e c t   to  the   worked  p o r t i o n s .   The  method  of  e v a l u a t i o n  

was  the   same  as  a b o v e .  

(i)  B l i s t e r   d e f e c t   ( r e s u l t s   i n d i c a t e d   in  the   c o l u m n  

" F " ) .  
o  :   No  b l i s t e r   d e f e c t  

x :  B l i s t e r   d e f e c t   o c c u r r e d  

( i i )   Adhes ion   ( r e s u l t s   i n d i c a t e d   in  the  column  "AD") .  

o  :   Good  a d h e s i o n   (no  s c a l i n g )  
a  :   I n s u f f i c i e n t   a d h e s i o n   ( 1  -   50  %  s c a l i n g )  

x :   Poor  a d h e s i o n   (more  t han   50  %  s c a l i n g )  







It  is  no ted   from  Tab le   7,  t ha t   when  s u b s t r a t e  

s h e e t s ,   which  were  r o l l e d   wi th   a  20  -   70  %  r e d u c t i o n   a n d  
f i r s t   a n n e a l e d   at  3 3 0  -   450°C  and  then  a n n e a l e d   at  5 5 0 ° C ,  

were  used ,   enamel  p r o d u c t s   f r e e   from  b l i s t e r   d e f e c t   a n d  

hav ing   good  a d h e s i o n   were  o b t a i n e d .   In  c o n t r a s t ,   b l i s t e r  
d e f e c t   d e v e l o p e d   in  Samples   N o .  5 ,   10,  15  and  20.  T h i s  
is  b e c a u s e   the  r o l l i n g   r e d u c t i o n   was  e x c e s s i v e   and  t h u s  

c r a c k i n g   o c c u r r e d   in  the  p l a t e d   a luminum  l a y e r .   The  s a m p l e s  
which  u n d e r w e n t   a  f i r s t   s t e p   a n n e a l i n g   at  250°C  and  500°C 

were  poor  in  a d h e s i o n   s i n c e   the  a l l o y   f o r m a t i o n   t e m p e r a t u r e  
was  not  s u f f i c i e n t l y   r a i s e d   by  the  f i r s t   s t e p   a n n e a l i n g .  
Also  t h e r e   was  n o t e d   a  t r e n d   t h a t   wi th   lower  C  c o n t e n t   o f  
the  base   s t e e l   s h e e t ,   a l l o y   f o r m a t i o n   was  more  i n h i b i t e d  
and  thus   a d h e s i o n   of  the  enamel   l a y e r   was  r e t a i n e d   o r  
i m p r o v e d .  

M e r i t s   of  the   I n v e n t i o n  
The  i n v e n t i o n   has  been  d e s c r i b e d   s p e c i f i c a l l y  

with  r e s p e c t   to  h o t - d i p   a l u m i n u m - p l a t e d   s t e e l   s h e e t s   i n  
the  above.   However ,   i t   w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d  
in  the  a r t   t h a t   enamel   p r o d u c t s   hav ing   the  same  e n a m e l  
c h a r a c t e r i s t i c s   w i l l   be  o b t a i n e d   by  t r e a t i n g   in  the  same  

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

vacuum  e v a p o r a t i o n ,   c l a d d i n g ,   e t c .  
The  a l u m i n u m - c o a t e d   s t e e l   s h e e t s   in  a c c o r d a n c e  

with  t h i s   i n v e n t i o n   have  e x c e l l e n t   c h a r a c t e r i s t i c s   as  t h e  
s u b s t r a t e   for  e n a m e l i n g ,   from  which  enameled   p r o d u c t s   w i t h  

an  enamel  l a y e r   f r e e   from  b l i s t e r   d e f e c t   and  hav ing   g o o d  
a d h e s i o n   to  the  s u b s t r a t e   can  be  o b t a i n e d .   The  f i r i n g  

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

the  enamel  l a y e r ,   and  t h e r e f o r e   the  r e s t r i c t i o n   on  s e l e c t i o n  

of  g l a z e s   is  ea sed   and  the  r e s u l t i n g   enamel  l a y e r   can  be  

improved  in  c h e m i c a l   r e s i s t a n c e ,   and  o t h e r   p r o p e r t i e s   o f  

the  e n a m e l .  



1.  An  a l u m i n u m - c o a t e d   s t e e l   s h e e t   for  e n a m e l i n g  
c o m p r i s i n g   a  base  s t e e l   s h e e t   c h a r a c t e r i z e d   in  t h a t   t h e  
a luminum  c o a t i n g   l a y e r   has  a  r o l l e d - a n d - r e c r y s t a l l i z e d  
s t r u c t u r e .  

2.  The  a l u m i n u m - c o a t e d   s t e e l   s h e e t   for   e n a m e l i n g  
as  c l a i m e d   in  Claim  1,  w h e r e i n   the  a luminum  c o a t i n g   l a y e r  
c o n t a i n s   1  -  15  %  by  we igh t   s i l i c o n .  

3.  The  a l u m i n u m - c o a t e d   s t e e l   s h e e t   for   e n a m e l i n g  
as  c l a i m e d   in  Claim  1,  which  is  f u r t h e r   c h a r a c t e r i z e d   i n  
t h a t   the   base   s t e e l   s h e e t   a l s o   has  a  r o l l e d - a n d - r e c r y s t a l -  
l i z e d   s t r u c t u r e .  

4.  The  a l u m i n u m - c o a t e d   s t e e l   s h e e t   for   e n a m e l i n g  
as  c l a i m e d   in  Claim  3,  w h e r e i n   the   a luminum  c o a t i n g   l a y e r  
c o n t a i n s   1  -  15  % by  w e i g h t   s i l i c o n .  
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