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@  METHOD  OF  MANUFACTURING  UNIDIRECTIONAL  SILICON  STEEL  SLAB  HAVING  EXCELLENT  SURFACE  AND 
MAGNETIC  PROPERTIES. 

@  The  material  includes  a  great  amount  of  Si,  3.1  to  4.5%. 
As  an  inhibitor,  a  mixture  of  a  small  amount  of  A  and  a  trace 
of  S  or  Se  is  employed,  together  with  Mo.  Moreover,  a  slab 
heating  treatment  is  carried  out  at  a  temperature  higher 
than  1,279°C  until  the  scale  loss  at  the  time  of  heating 
becomes  2.7  to  5.0%,  whereby  the  inhibitor  is  satisfactorily 
dissociated  and  formed  into  a  solid  solution.  By  so  doing, 
the  effect  of  suppressing  the  growth  of  primary  recrystalliza- 
tion  grains  at  the  time  of  secondary  recrystallization  anneal- 
ing  is  remarkably  intensified,  and  the  development  of  the 
secondary  recrystallization  grains  of  the  [110]  <  001  > 
orientation  is  facilitated.  Thus,  a  secondary  recrystallization 
texture  is  formed  which  is  intensely  oriented  in  the  [110] 
<  001  >  direction,  thereby  attaining  increased  magnetic 
flux  density  and  reduced  iron  loss.  Also,  the  cracking  in  the 
hot  rolling  step  after  the  heating  treatment  is  effectively 
prevented,  thereby  realizing  improvements  in  the  surface 
and  magnetic  properties. 



TECHNICAL  F I E L D  

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  g r a i n  

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

of   t h e   s u r f a c e   p r o p e r t i e s   and  t h e   m a g n e t i c   c h a r a c -  

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

t h a n   3 .1%  by  w e i g h t   ( h e r e i n a f t e r   r e f e r r e d   to   b r i e f l y  

as  " % " ) .  

BACKGROUND  ART 

As  w e l l   k n o w n ,   t h e   g r a i n   o r i e n t e d   e l e c t r o -  

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

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

m a g n e t i c   f l u x   d e n s i t y   r e p r e s e n t e d   by  B10  v a l u e   as  t h e  

m a g n e t i z a t i o n   c h a r a c t e r i s t i c s ,   a  low  i r o n   l o s s   r e p r e -  

s e n t e d   b y  W 1 7 / 5 0  v a l u e ,   and  e x c e l l e n t   s u r f a c e   p r o p e r t i e s  

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

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

s t e e l   s h e e t   as  m e n t i o n e d   a b o v e ,   i t   i s   n e c e s s a r y   t o  

h i g h l y   a r r a n g e   t h e   <001>  a x i s   of   t h e   s e c o n d a r y   r e c r y s -  

t a l l i z e d   g r a i n s   of   t he   p r o d u c t   in   a  r o l l i n g   d i r e c t i o n .  

T h e r e   h a v e   b e e n   h e r e t o f o r e   h u g e   i m p r o v e m e n t s   f o r   t h i s  

p u r p o s e ,   and  i t   ha s   now  b e c o m e   p o s s i b l e   to  i n d u s t r i a l l y  

p r o d u c e   a  g r a i n   o r i e n t e d   s i l i c o n   s t e e l   s h e e t   h a v i n g   B10  

v a l u e   of   l a r g e r   t h a n   1 . 8 9   T  ( T e s l a )   and  an  i r o n   l o s s   o f  



W17/50   v a l u e   of   n o t   h i g h e r   t h a n   1 . 0 5   W/kg.   H o w e v e r ,  

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

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

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

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

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

as  t h e   i r o n   c o r e   m a t e r i a l   of   t h e   t r a n s f o r m e r   and  t h e  

l i k e ,   t h e r e   h a s   b e e n   a l s o   d e m a n d e d   t h e   one  h a v i n g  

a  f u r t h e r   l o w e r   i r o n   l o s s   v a l u e .   In  a d d i t i o n ,   t h e r e  

h a s   b e e n   d e m a n d e d   to   r e d u c e   t h e   s u r f a c e   d e f e c t s   s u c h   a s  

s u r f a c e   f l a w n s   and   fo rm  an  e x c e l l e n t   i n s u l a t i n g   f i l m  

w i t h   r e s p e c t   to  t h e   s u r f a c e   p r o p e r t i e s   o f   t h e   p r o d u c t .  

On  t h e   o t h e r   h a n d ,   t h e   u l t i m a t e   aim  to  h a v e  

Si  c o n t a i n e d   in   t h e   g r a i n   o r i e n t e d   s i l i c o n   s t e e l   s h e e t  

i s   to   i n c r e a s e   t h e   e l e c t r i c   r e s i s t a n c e   of   t h e   r a w  

m a t e r i a l   and  to  t h e r e b y   l o w e r   t h e   eddy   c u r r e n t   l o s s ,  

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

t h e   c o n t e n t   of   Si  i s   e x t r e m e l y   e f f e c t i v e   to  r e d u c e   t h e  

i r o n   l o s s   v a l u e .   H o w e v e r ,   t h e   i n c r e a s e   in   t h e   c o n t e n t  

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

o f   t h e   s t e e l   s h e e t   i s   d e t e r i o r a t e d .   T h a t   i s ,   in   t h e  

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

s t e e l   s h e e t   by  u s i n g   t h e   A£N  p r e c i p i t a t i o n   p h a s e   a s  

a n  i n h i b i t o r ,   t h e   s l a b   i s   g e n e r a l l y   r e q u i r e d   to  b e  

h e a t e d   a t   a  h i g h e r   t e m p e r a t u r e   t h a n   in   t h e   o r d i n a r y  

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

s o l i d - s o l v e   MnS  to  be  c o e x i s t e n t   as  an  i n h i b i t o r  

w i t h   AQN.  H o w e v e r ,   i f   t h e   s l a b   i s   h e a t e d   a t   s u c h  



a  h i g h e r   t e m p e r a t u r e ,   i t   i s   l i k e l y   t h a t   h o t   t e a r   i s  

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

d e v e l o p   t h e   s u r f a c e   d e f e c t s   on  t h e   p r o d u c t .   P a r t i c u -  

l a r l y ,   i f   t h e   c o n t e n t   of   Si  e x c e e d s   3 . 0 % ,   t h e   s u r f a c e  

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

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

T h e r e f o r e ,   i t   h a s   b e e n   so  f a r   c o m p u l s o r y   t h a t   t h e  

c o n t e n t   of   Si  i s   r e s t r i c t e d   to  n o t   h i g h e r   t h a n   3 .0%  s o  

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

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

d i f f i c u l t   to  r e d u c e   t h e   i r o n   l o s s   v a l u e   by  f u r t h e r  

i n c r e a s i n g   t h e   c o n t e n t   of   S i .  

DISCLOSURE  OF  THE  INVENTION 

B a s e d   on  t h e   a b o v e - m e n t i o n e d   p r e s e n t   s i t u a -  

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

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

s i l i c o n   s t e e l   s h e e t   b e i n g   e x t r e m e l y   e x c e l l e n t   in   t h e  

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

e x c e e d i n g l y   s t a b l e   s t e p s .  

N o t i n g   t h a t   a  s i l i c o n   s t e e l   raw  m a t e r i a l  

c o n t a i n i n g   as  much  as  3 . 1 - 4 . 5 %   o f   Si  when  A2N  p r e c i p i t a -  

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

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

w i t h   a  h i g h   m a g n e t i c   f l u x   d e n s i t y   and  a  low  i r o n   l o s s ,  

t h e   p r e s e n t   i n v e n t o r s   h a v e   s t r e n u o u s l y   made  e x p e r i m e n t s  

and  s t u d i e s   to  f i n d   o u t   s o l u t i o n s   f o r   d i m i n i s h i n g   t h e  

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

d e f e c t   in  t h i s  c a s e .   C o n s e q u e n t l y ,   t h e y   h a v e   f o u n d  



t h a t   e v e n   when  a  h i g h   c o n t e n t   o f   Si  i s   c o n t a i n e d ,   t h e  

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

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

i r o n   l o s s   can   be  o b t a i n e d   by  a d d i n g   a  s m a l l   a m o u n t   o f  

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

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

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

The  g i s t   o f   t h e   i n v e n t i o n   i s   as  f o l l o w s :  

T h a t   i s ,   t h e   p r e s e n t   i n v e n t i o n   i s   a  p r o c e s s  

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

b e i n g   e x c e l l e n t   in   t h e   s u r f a c e   p r o p e r t i e s   and  m a g n e t i c  

c h a r a c t e r i s t i c s ,   w h i c h   i s   c h a r a c t e r i z e d   by  s t e p s   o f :  

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

w h i c h   raw  s l a b   h a s   a  c o m p o s i t i o n   c o n t a i n i n g   0 . 0 1 - 0 . 0 8 %  

of   C,  3 . 1 - 4 . 5 %   of   S i ,   0 . 0 0 5 - 0 . 0 6 %   of   s o l   A l ,   0 . 0 0 3 - 0 . 1 %  

o f  M o   and  0 . 0 0 5 - 0 . 1 %   in   t o t a l   a m o u n t   o f   one  or   t w o  

k i n d s   o f   S  a n d   Se  a t   a  h e a t i n g   t e m p e r a t u r e   of   n o t   l o w e r  

t h a n   1 , 2 7 0 ° C   s u c h   t h a t   t h e   s c a l e   l o s s ,   t h a t   i s ,   t h e  

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

b e f o r e   and   a f t e r   t h e   h e a t   t r e a t m e n t   may  be  2 . 7 - 5 . 0 % ,  

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

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

9 5 0 - 1 , 2 0 0 ° C   p r i o r   to  a  f i n a l   c o l d   r o l l i n g ,   f o l l o w e d   b y  

q u e n c h i n g ;   s u b j e c t i n g   t h e   r e s u l t a n t   to  t h e   c o l d   r o l l i n g  

a t   a  d r a f t   o f   8 0 - 9 5 %   i n c l u d i n g   a  w a r m   r o l l i n g   a t  

a  t e m p e r a t u r e   r a n g e   of   2 5 0 - 4 0 0 ° C   to  o b t a i n   a  f i n a l  

s h e e t   t h i c k n e s s ;   and  p e r f o r m i n g   a  f i n i s h   a n n e a l i n g  

i n c l u d i n g   a  p r i m a r y   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   a l s o  



s e r v i n g   as  d e c a r b u r i z a t i o n   and  a  s e c o n d a r y   r e c r y s t a l -  

l i z a t i o n   in   t h e   o r d i n a r y   w a y .  

E x p e r i m e n t a l   r e s u l t s   f rom  w h i c h   t h e   i n v e n t i o n  

has   b e e n   o r i g i n a t e d   w i l l   be  e x p l a i n e d   b e l o w .  

E a c h  o f   a  s t e e l   s l a b   (A)  h a v i n g   a  c o m p o s i t i o n  

c o n t a i n i n g   0 . 0 4 9 %   of   C,  3 . 4 7 %   of   S i ,   0 . 0 3 0 %   of   A l ,  

0 . 0 1 6 %   of   Mo,  0 . 0 7 8 %   of   Mn  and  0 . 0 2 6 %   of   S  and  a  s t e e l  

s l a b   (B)  h a v i n g   a  c o m p o s i t i o n   c o n t a i n i n g   0 .49%  of   C ,  

3 . 4 2 %   of   S i ,   0 . 0 2 9 %   of   AQ,  0 . 0 7 6 %   of   Mn  and  0 . 0 2 5 %   of   S 

was  h e a t e d   a t   v a r i o u s   t e m p e r a t u r e s   in   a  r a n g e   o f  

1 , 1 5 0 ° C - 1 , 4 0 0 ° C   and  h o t   r o l l e d   to  o b t a i n   a  h o t   r o l l e d  

s h e e t   of   2 . 3   mm,  w h i c h   was  h o m o g e n e o u s l y   and  c o n t i n u o u s l y  

a n n e a l e d   a t   1 , 1 5 0 ° C   and  q u e n c h e d ,   and  s u b j e c t e d   t o  

a  s t r o n g   c o l d   r o l l i n g   a t   a  d r a f t   of   a b o u t   87%  i n c l u d i n g  

a  warm  r o l l i n g   a t   250°C  on  t h e   m i d w a y   of   t h e   c o l d  

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

of   0 . 3   mm  in  t h i c k n e s s .   The  c o l d   r o l l e d   s h e e t   w a s  

d e c a r b u r i z a t i o n   a n n e a l e d   a t   840°C  in  wet   h y d r o g e n ,   a n d  

t h e n   f i n i s h   a n n e a l e d   by  a  box  a n n e a l i n g   a t   1 , 2 0 0 ° C   t o  

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

R e s u l t s   upon   e x a m i n a t i o n   o f   t h e   m a g n e t i c  

c h a r a c t e r i s t i c s   and  t h e   s u r f a c e   p r o p e r t i e s   w i t h   r e s p e c t  

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

t i v e l y   in  F i g s .   l a   and  lb   in   c o n n e c t i o n   w i t h   r e l a t i o n  

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

t h e   s l a b .  

As  o b v i o u s   f r o m   F i g .   l a ,   when  t h e   h e a t i n g  

t e m p e r a t u r e   i s   n o t   l o w e r   t h a n   1 , 2 7 0 ° C   and  t h e   s c a l e  



l o s s   i s   n o t   s m a l l e r   t h a n   2 . 7 % ,   t h e   m a g n e t i c   c h a r a c -  

t e r i s t i c s   and  t h e   s u r f a c e   p r o p e r t i e s   of   t h e   s l a b   ( A )  

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

s t e e l   s h e e t   h a v i n g   e x c e l l e n t   m a g n e t i c   c h a r a c t e r i s t i c s  

of   B10  b e i n g   n o t   l o w e r   t h a n   1 . 9 4   T  and  W17/50   b e i n g   n o t  

h i g h e r   t h a n   1 . 0 0   W/kg  can   be  o b t a i n e d   when  t h e   h e a t i n g  

t e m p e r a t u r e   i s   in   a  r a n g e   o f   I , 3 0 0 - 1 , 4 0 0 ° C   and  t h e  

s c a l e   l o s s   i s   in   a  r a n g e   o f   3 . 0 - 4 . 4 % .   On  t h e   o t h e r   h a n d ,  

w i t h   r e s p e c t   to  t h e   s l a b   ( B ) ,   as  shown  in   F i g .   1b,   i t  

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

of   B10  b e i n g   n o t   l o w e r   t h a n   1 . 9 2   T  and  W17/50   b e i n g   n o t  

h i g h e r   t h a n   1 . 0 5   W/kg  can   be  o b t a i n e d   when  t h e   h e a t i n g  

t e m p e r a t u r e   i s   n o t   l o w e r   t h a n   1 , 3 0 0 ° C   and  t h e   s c a l e  

l o s s   i s   n o t   l o w e r   t h a n   3 . 2 % ,   b u t   t h e   s u r f a c e   p r o p e r t i e s  

a t   t h a t   t i m e   a r e   p o o r .  

E x a m i n a t i o n   u p o n   t h e   i n t e r g r a n u l a r   f r a c t u r e  

a f t e r   t h e   h i g h   t e m p e r a t u r e   i m p a c t   t e s t s   when  t h e   a b o v e  

s l a b s   (A)  and  (B)  w e r e   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  

a t   a  h e a t i n g   t e m p e r a t u r e   o f   1 , 3 0 0 ° C   s u c h   t h a t   t h e   s c a l e  

l o s s e s   w e r e   3 .0%  and  3 .2%  r e s p e c t i v e l y   was  c o n d u c t e d ,  

and  t h e   f o l l o w i n g   r e s u l t s   w e r e   o b t a i n e d .  

T h a t   i s ,   w h i l e   t h e   s t e e l   s l a b   (A)  i n t o   w h i c h  

Mo  was  a d d e d   was  c o m p l e t e l y   f r e e   f rom  s u r f a c e   c r a c k s  

and  e x c e l l e n t   in   t h e   s u r f a c e   p r o p e r t i e s ,   many  s u r f a c e  

c r a c k s   w e r e   f o r m e d   in   t h e   s l a b   (B)  i n t o   w h i c h   no  Mo  w a s  

a d d e d .   T h e s e   r e s u l t s   w e r e   w e l l   in   c o n f o r m i t y   w i t h  

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

in   F i g .   1 .  



As  m e n t i o n e d   a b o v e ,   i t   i s   u n d e r s t o o d   t h a t   t h e  

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

b o t h   e x c e l l e n t   when  t h e   s c a l e   l o s s   i s   n o t   l o w e r   t h a n  

2 .7%  in   t h e   c a s e   of   h e a t i n g   t h e   s l a b   a t   a  t e m p e r a t u r e  

of   n o t   l o w e r   t h a n   1 , 2 7 0 ° C .   N a m e l y ,   t h e   a d d i t i o n   o f  

a  s m a l l   a m o u n t   o f   Mo  i n t o   t h e   raw  m a t e r i a l   n o t   o n l y  

e f f e c t i v e l y   p l a y s   t h e   r o l e   as  i n h i b i t o r   t o g e t h e r   w i t h  

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

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

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

t h e   c o n t e n t   o f   Si  b e i n g   h i g h .   The  r e i n f o r c e m e n t   of   t h e  

i n h i b i t o r   w i t h   t h e   Mo  a d d e d   in   t h e   f o r m e r   r o l e   i s  

c o n s i d e r e d   to  be  due  to  t h e   same  m e c h a n i s m   p r e v i o u s l y  

p r o p o s e d   by  t h e   i n v e n t o r s   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n  

P u b l i c a t i o n   No.  1 4 , 7 3 7 / 1 9 8 2   as  in   t h e   c a s e   of   t h e  

c o m b i n e d   a d d i t i o n   of   Mo,  Sb  and  Se  or   S,  t h a t   i s ,   t h e  

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

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

a d d i t i o n   of   a  s m a l l   a m o u n t   of   Mo  and  AZ,  so  t h a t   e m i n e n t  

e f f e c t   i s   e x h i b i t e d   f o r   t h e   g r o w t h   of   t h e   s e c o n d a r y  

g r a i n s   in   t h e   { 1 1 0 } < 0 0 1 >   o r i e n t a t i o n   a t   t h e   t i m e   of   t h e  

s e c o n d a r y   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 .   F u r t h e r ,   t h e  

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

p r o p e r t i e s   by  t h e   a d d i t i o n   of   t h e   Mo  in  t h e   l a t t e r   r o l e  

i s   c o n s i d e r e d   to  be  b a s e d   on  t h a t   t h e   s u r f a c e   d e f e c t s  

can   be  e f f e c t i v e l y   p r e v e n t e d   t h r o u g h   t h e   p r e f e r e n t i a l  

p r e c i p i t a t i o n   of   f i n e   p r e c i p i t a t e s   of   Mo  s u l f i d e  

( p r o b a b l y   Mo2S3)  c o m p o u n d   a t   t h e   s t e e l   s h e e t   s u r f a c e   o r  



in   t h e   v i c i n i t y   t h e r e o f ,   e v e n   when  t h e   h e a t i n g   i s   d o n e  

a t   a  h i g h   t e m p e r a t u r e   w i t h   t h e   c o n t e n t   of   Si  b e i n g  

h i g h .  

In   t h e   c o n v e n t i o n a l   h e a t i n g   t r e a t m e n t   p r i o r  

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

a b o u t   1 , 1 5 0 - 1 , 2 5 0 ° C   and  t h e   s c a l e   l o s s   was  a b o u t  

1 . 5 - 2 . 5 %   t a k i n g   t h e   e c o n o m y   in   t h e   h e a t i n g   i n t o   a c c o u n t .  

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

t h e   raw  s l a b   a r e   r e s t r i c t e d   as  m e n t i o n e d   a b o v e   in   t h e  

p r e s e n t   i n v e n t i o n   w i l l   be  e x p l a i n e d   b e l o w .  

C:  0 . 0 1 - 0 . 0 8  

C  i s   an  e l e m e n t   p l a y i n g   an  i m p o r t a n t   r o l e   i n  

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

o r   c o l d   r o l l i n g .   I f   i t   i s   more   t h a n   0 . 0 8 % ,   i t   t a k e s  

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

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

m a g n e t i c   c h a r a c t e r i s t i c s   due  to  i n s u f f i c i e n t   d e c a r b u r i z a -  

t i o n .   On  t h e   o t h e r   h a n d ,   i f   t h e   c o n t e n t   i s   l e s s   t h a n  

0 . 0 1 % ,   i t   b e c o m e s   d i f f i c u l t   to  c o n t r o l   t h e   t e x t u r e   a t  

t h e   t i m e   o f   t h e   h o t   r o l l i n g ,   so  t h a t   l a r g e   e l o n g a t e d  

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

t e r i s t i c s .   T h u s ,   t h e   c o n t e n t   o f   C  i s   r e s t r i c t e d   t o  

a  r a n g e   of   0 . 0 1 - 0 . 0 8 % .  

S i :   3 . 1 - 4 . 5 %  

As  m e n t i o n e d   a b o v e ,   s i n c e   Si  i s   an  e l e m e n t  

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

r e s i s t a n c e   of   t h e   raw  m a t e r i a l   to  r e d u c e   t h e   e d d y  



c u r r e n t   l o s s ,   n o t   l o w e r   t h a n   3 .1%  of   Si  i s   c o n t a i n e d   i n  

t h e   p r e s e n t   i n v e n t i o n .   I f   t h e   c o n t e n t   of   Si  e x c e e d s  

4 . 5 % ,   b r i t t l e   f r a c t u r e s   a r e   l i k e l y   to  be  f o r m e d   a t   t h e  

t i m e   of   t h e   c o l d   r o l l i n g .   T h u s ,   t h e   c o n t e n t   of   Si  i s  

r e s t r i c t e d   to  3 . 1 - 4 . 5 % .   As  m e n t i o n e d   a b o v e ,   t h e   c o n t e n t  

of   Si  in   t h e   c o n v e n t i o n a l   g r a i n   o r i e n t e d   s i l i c o n   s t e e l  

s h e e t   c o n t a i n i n g   Al  i s   2 . 8 - 3 . 0 % ,   and  when  t h e   c o n t e n t  

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

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

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

o c c u r r e n c e   o f   t h e   s u r f a c e   d e f e c t s   can   be  p r e v e n t e d   e v e n  

a t   a  h i g h   c o n t e n t   of   Si  b e i n g   3 . 1 - 4 . 5 %   by  t h e   a d d i t i o n  

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

i n v e n t i o n .  

s o l   Al:   0 . 0 0 5 - 0 . 0 6 %  

When  Al  i s   c o n t a i n e d   in   t h e   s t e e l ,   i t   b o n d s  

w i t h   N  to  f o rm  a  f i n e   p r e c i p i t a t e   o f   AlN  and  a c t s  

as  a  p o w e r f u l   i n h i b i t o r .   P a r t i c u l a r l y ,   in   o r d e r   t h a t  

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

s t r o n g   c o l d   r o l l i n g   a t   a  c o l d   r o l l i n g   d r a f t   of   8 0 - 9 5 % ,  

Al  i s   r e q u i r e d   to   be  c o n t a i n e d   in   a  r a n g e  o f   0 . 0 0 5 - 0 . 0 6  

in   t h e   f o rm  of   s o l   Al .   The  r e a s o n   i s   t h a t   w h i l e   i f   A2 

i s   l e s s   t h a n   0 . 0 0 5 % ,   t h e   p r e c i p i t a t i o n   a m o u n t   of   t h e  

AlN  f i n e   p r e c i p i t a t e   as  t h e   i n h i b i t o r   i s   l a c k i n g   t o  

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

l i z a t i o n   g r a i n s   in   t h e   { 1 1 0 } < 0 0 1 >   o r i e n t a t i o n ,   i f   A2 

e x c e e d s   0 . 0 6 % ,   t h e   g r o w t h   of   t h e   s e c o n d a r y   r e c r y s t a l l i z a -  

t i o n   g r a i n s   in   t h e   { 1 1 0 } < 0 0 1 >   o r i e n t a t i o n   b e c o m e s  



l o w e r .  

S  a n d / o r   Se:  0 . 0 0 5 - 0 . 1 %  

S  a n d   Se  f o rm  MnS  and  MnSe  d i s p e r s i o n  

p r e c i p i t a t i o n   p h a s e s   r e s p e c t i v e l y   to  i n c r e a s e   t h e  

i n h i b i t o r   e f f e c t   t o g e t h e r   w i t h   A£N.  I f   t h e   c o n t e n t   o f  

S  a n d   Se  i s   l e s s   t h a n   0 . 0 0 5 %   when  a d d e d   a l o n e   or   i n  

c o m b i n a t i o n   t h e r e o f ,   t h e   i n h i b i t o r   e f f e c t   due   to  MnS 

and  MnSe  i s   w e a k .   To  t h e   c o n t r a r y ,   i f   t h e   a d d i t i o n  

a m o u n t   e x c e e d s   0 . 1 % ,   t h e   h o t   r o l l i n g   and  c o l d   r o l l i n g  

p r o c e s s a b i l i t y   i s   e x t r e m e l y   d e t e r i o r a t e d .   T h u s ,   S  a n d  

Se  a r e   r e q u i r e d   to  be  in   a  r a n g e   o f   0 . 0 0 5 - 0 . 0 1 %   i n  

a  t o t a l   a m o u n t   o f   one  o r   two  of   t h e s e   e l e m e n t s .  

Mo:  0 . 0 0 3 - 0 . 1 %  

I f   Mo  i s   l e s s   t h a n   0 . 0 0 3 % ,   t h e   g r o w t h  

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

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

of   t h e   s t e e l   s h e e t   i s   d e t e r i o r a t e d .   On  t h e   o t h e r   h a n d ,  

i f   i t   i s   more   t h a n   0 . 1 % ,   i t   i s   e f f e c t i v e   in   t h e   e f f e c t  

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

of   t h e   s t e e l   s h e e t ,   b u t   t h e   p r o c e s s a b i l i t y   a t   h o t  

r o l l i n g   and  c o l d   r o l l i n g   i s   l o w e r e d   and  t h e   i n s u f f i c i e n t  

d e c a r b u r i z a t i o n   a t   t h e   t i m e   of   t h e   d e c a r b u r i z a t i o n -  

p r i m a r y   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   i s   l i k e l y   to  o c c u r .  

T h u s ,   Mo  i s   r e q u i r e d   to  be  in   a  r a n g e   o f   0 . 0 0 3 - 0 . 1 % .  

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

r a n g e s   of   t h e   f u n d a m e n t a l   i n g r e d i e n t s   h a v e   b e e n  

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

of   o t h e r   known  e l e m e n t s   w h i c h   a r e   o r d i n a r i l y   a d d e d   i n  



t h e   s i l i c o n   s t e e l .  

F o r   i n s t a n c e ,   when  Mn  i s   c o n t a i n e d   in  t h e  

s t e e l ,   i t   b o n d s   w i t h   S  or   Se  to  fo rm  f i n e   p r e c i p i t a t e s  

of   MnS  and  MnSe,   and  a c t s   as  a  p o w e r f u l   i n h i b i t o r .  

I f   Mn  i s   l e s s   t h a n   0 . 0 2 % ,   t h e   p r e c i p i t a t i o n   a m o u n t   o f  

t h e   f i n e   p r e c i p i t a t e s   of   t h e   MnS  and  MnSe  as  t h e  

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

r e c r y s t a l l i z a t i o n   g r a i n s   in   t h e   { 1 1 0 } < 0 0 1 >   o r i e n t a t i o n  

b e c o m e s   i n s u f f i c i e n t .   On  t h e   o t h e r   h a n d ,   i f   Mn  e x c e e d s  

2%,  MnS  and  t h e   l i k e   a r e   h a r d l y   d i s s o c i a t e d   and  s o l i d -  

s o l v e d   in   h e a t i n g   t h e   s l a b ,   and  e v e n   i f   t h e   d i s s o c i a t i o n ,  

and  t h e   s o l i d - s o l v i n g   t a k e s   p l a c e ,   MnS,  MnSe  and  t h e  

l i k e   a r e   h a r d l y   d i s s o c i a t e d   and  s o l i d - s o l v e d   a t   t h e   h o t  

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

a t   t h e   h o t   r o l l i n g   i s   l i k e l y   to  be  l a r g e r   to  d a m a g e   t h e  

a p p r o p r i a t e   s i z e   d i s t r i b u t i o n   as  t h e   i n h i b i t o r   a n d  

d e t e r i o r a t e   t h e   m a g n e t i c   c h a r a c t e r i s t i c s .   From  t h e s e  

r e a s o n s ,   t h e   c o n t e n t   of   Mn  i s   p r e f e r a b l y   a b o u t   0 . 0 2 % - 2 % .  

One  or   two  k i n d s   of   Sb  and  B  w h i c h   may  be  a d d e d   i n t o  

t h e   o r d i n a r y   s i l i c o n   s t e e l   as  t h e   known  p r i m a r y  

r e c r y s t a l l i z a t i o n   g r a i n   g r o w t h   i n h i b i t o r   may  be  c o n t a i n e d  

in  a  t o t a l   a m o u n t   of   n o t   h i g h e r   t h a n   a b o u t   0 . 0 3 % .  

B e s i d e s ,   t h e   g e n e r a l   i n e v i t a b l e   e l e m e n t s   s u c h   as  C r ,  

T i ,   V,  Zr ,   Nb,  Ta,   Co,  N i ,   Sn,  P  and  As  may  be  c o n t a i n e d  

in  a  v e r y   s m a l l   a m o u n t .  

N e x t ,   a  s e r i e s   of   t h e   m a n u f a c t u r i n g   s t e p s   o f  

t h e   p r e s e n t   i n v e n t i o n   w i l l   be  e x p l a i n e d .  

As  t h e   means   f o r   m e l t i n g   t h e   raw  m a t e r i a l  



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

u s e   may  be  made  o f   t h e   c o n v e n t i o n a l   s t e e l - m a k i n g   f u r n a c e  

s u c h   as  t h e   LD  c o n v e r t e r ,   t h e   o p e n - h e a r t h   f u r n a c e   a n d  

t h e   l i k e ,   w h i c h   may  be  o f   c o u r s e   u s e d   in   c o m b i n a t i o n  

w i t h   t h e   v a c u u m   t r e a t m e n t   on  t h e   v a c u u m   m e l t i n g .  

F u r t h e r ,   as  t h e   s l a b - m a k i n g   m e a n s ,   u s e   may  be  f a v o r a b l y  

made  o f   t h e   c o n t i n u o u s   c a s t i n g   in   a d d i t i o n   to  t h e  

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

The  s i l i c o n   s t e e l   s l a b   o b t a i n e d   as  m e n t i o n e d  

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

c o n v e n t i o n a l   m e t h o d .   The  t h i c k n e s s   o f   t h e   h o t   r o l l e d  

s h e e t   o b t a i n e d   by  t h i s   h o t   r o l l i n g   d e p e n d s   u p o n   t h e  

d r a f t   and  so  on  in   t h e   s u c c e e d i n g   c o l d   r o l l i n g   s t e p ,  

and  i s   o r d i n a r i l y   a b o u t   2 -5   mm.  In  t h e   p r e s e n t   i n v e n -  

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

t h e   a b o v e - m e n t i o n e d   h o t   r o l l i n g .   T h a t   i s ,   as  m e n t i o n e d  

a b o v e ,   t h e   d i s s o c i a t i o n   and  s o l i d - s o l v i n g   of   t h e   M n S ,  

MnSe  o r   t h e   l i k e   c o n t a i n e d   in   t h e   raw  m a t e r i a l   b e c o m e s  

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

s h e e t   w i t h   a  h i g h   c o n t e n t   of   Si  or   3 . 1 - 4 . 5 % ,   t h e   h e a t i n g  

i s   r e q u i r e d   to  be  f u l l y   d o n e   a t   a  h e a t i n g   t e m p e r a t u r e  

o f   n o t   l o w e r   t h a n   1 , 2 7 0 ° C   in   s u c h   a  m a n n e r   t h a t   t h e  

s c a l e   l o s s   may  be  2 . 7 - 5 . 0 % .  

A f t e r   t h e   h o t   r o l l e d   p l a t e   h a v i n g   u n d e r g o n e  

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

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

9 5 0 - 1 , 2 0 0 ° C   f o r  3 0   s e c o n d s   to  30  m i n u t e s   f o r   t h e   p u r p o s e  

o f   h o m o g e n i z a t i o n   o f   t h e   s t r u c t u r e   and  s u f f i c i e n t  



s o l i d - s o l v i n g   of   A£N,  i t   i s   q u e n c h e d .   The  q u e n c h i n g  

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

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

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

o u t   f rom  a  t e m p e r a t u r e   r a n g e   of   8 5 0 - 1 , 0 5 0 ° C   to  a  t e m p e r a -  

t u r e   of   n o t   h i g h e r   t h a n   4 0 0 ° C .  

The  h o t   r o l l e d   s t e e l   s h e e t   q u e n c h e d   in  t h e  

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

of   8 0 - 9 5 %   to  o b t a i n   a  p r o d u c t   s h e e t   t h i c k n e s s .   I t   i s  

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

a  t e m p e r a t u r e   r a n g e   of   2 0 0 - 4 0 0 ° C   d u r i n g   t h e   c o l d  

r o l l i n g .   As  d i s c l o s e d   in   J a p a n e s e   P a t e n t   A p p l i c a t i o n  

P u b l i c a t i o n   No.  1 3 , 8 4 6 / 1 9 7 9 ,   t h e   d e f o r m a t i o n   m e c h a n i s m  

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

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

s c a t t e r i n g l y   c o l l e c t i n g   t h e   C  and  N  s o l i d - s o l v e d   i n t o  

t h e   s i l i c o n   s t e e l   o n t o   t h e   d e f e c t   p o r t i o n s   f o r m e d  

d u r i n g   t h e   warm  r o l l i n g   or  t h e   i n t e r r u p t i o n   of   t h e  

d i s l o c a t i o n   m o v e m e n t   due  to  t h e   f i n e   p r e c i p i t a t e s ,   s o  

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

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

f o r m e d .   The  c o l d   r o l l e d   s h e e t   t h u s   t r e a t e d   to  h a v e   t h e  

f i n a l   s h e e t   t h i c k n e s s   of   a b o u t   0 . 1 - 0 . 5   mm  i s   s u b j e c t e d  

to  t h e   d e c a r b u r i z a t i o n - a n n e a l i n g   s e r v i n g   a l s o   as  t h e  

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

7 5 0 - 8 7 0 ° c .   T h i s   d e c a r b u r i z a t i o n - a n n e a l i n g   may  b e  

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

or   a  m i x e d   gas   a t m o s p h e r e   of   h y d r o g e n   and  n i t r o g e n  



a t   a  t e m p e r a t u r e   h i g h e r   by  a b o u t   3 0 - 6 5 ° C   t h a n   t h e   d e w  

p o i n t   f o r   a  few  m i n u t e s .  

N e x t ,   an  a n n e a l i n g   s e p a r a t o r   m a i n l y   c o n -  

s i s t i n g   o f   MgO  i s   a p p l i e d   to  t h e   s t e e l   s h e e t   a f t e r  

d e c a r b u r i z a t i o n - a n n e a l i n g ,   w h i c h   i s   s u b j e c t e d   to  t h e  

f i n i s h   a n n e a l i n g   to  g row   t h e   s e c o n d a r y   r e c r y s t a l l i z a t i o n  

g r a i n s   in   t h e   { 1 1 0 } < 0 0 1 >   o r i e n t a t i o n .   The  s p e c i f i c  

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

t h o s e   in   t h e   c a s e   o f   t h e   c o n v e n t i o n a l   a n n e a l i n g ,   a n d  

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

r a i s e d   a t   a  t e m p e r a t u r e   r i s i n g   r a t e   o f   3 - 5 0 ° C / h r   up  t o  

1 , 1 5 0 - 1 , 2 5 0 ° C   and   t h e n   t h e   p u r i f i c a t i o n   a n n e a l i n g   i s  

c a r r i e d   o u t   in   h y d r o g e n   f o r   5 - 2 0   h o u r s .  

As  m e n t i o n e d   a b o v e ,   a c c o r d i n g   to  t h e   p r e s e n t  

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

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

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

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

d e n s i t y   B10  o f   n o t   l o w e r   t h a n   1 . 9 4   T  and   t h e   e x t r e m e l y  

low  i r o n   l o s s   W17 /50   of   n o t   h i g h e r   t h a n   1 . 0 0   W/kg  w i t h  

e x c e l l e n t   s u r f a c e   p r o p e r t i e s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g s .   l a   and  1b  a r e   g r a p h s   in   w h i c h   t h e  

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

t h e   s i l i c o n   s t e e l   s h e e t s   o b t a i n e d   f rom  t h e   s l a b s   ( A )  

and  (B)  a r e   shown  in   c o n n e c t i o n   w i t h   t h e   r e l a t i o n  

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



BEST  MODE  FOR  WORKING  THE  INVENTION 

E x a m p l e   1 

A  c o n t i n u o u s l y   c a s t   s l a b   h a v i n g   a  c o m p o s i t i o n  

c o n t a i n i n g   0 . 0 4 9 %   of   C,  3 . 4 8 %   of   S i ,   0 . 0 2 9 %   of   A l ,  

0 . 0 1 8 %   of   Mo,  0 . 0 7 6 %   of   Mn  and  0 . 0 2 6 %   of   S  was  h e a t e d  

a t   1 , 3 6 0 ° C   s u c h   t h a t   t h e   s c a l e   l o s s   m i g h t   r e a c h   3 . 5 % ,  

and  t h e n   h o t   r o l l e d   to  o b t a i n   a  h o t   r o l l e d   s h e e t   o f  

2 . 3   mm  in  t h i c k n e s s .   T h e n ,   a f t e r   h a v i n g   b e e n   s u b j e c t e d  

to  t h e   c o n t i n u o u s   a n n e a l i n g   a t   1 , 1 2 0 ° C ,   t h e   s t e e l   s h e e t  

was  s u b j e c t e d   to  t h e   q u e n c h i n g   t r e a t m e n t ,   and  to  t h e  

s t r o n g   c o l d   r o l l i n g   a t   a  d r a f t   of   a b o u t   87%  i n c l u d i n g  

a  warm  r o l l i n g   a t   250°C  to  o b t a i n   a  f i n a l   c o l d   r o l l e d  

s h e e t   of   0 . 3   mm  in  t h i c k n e s s .   T h e r e a f t e r ,   t h e   c o l d  

r o l l e d   s h e e t   was  s u b j e c t e d   to  t h e   d e c a r b u r i z a t i o n - p r i m a r y  

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   a t   840°C  in   wet   h y d r o g e n ,  

and  t h e n   f i n i s h   a n n e a l e d   by  t h e   box  a n n e a l i n g   a t   1 , 2 3 0 ° C .  

The  m a g n e t i c   c h a r a c t e r i s t i c s   and  t h e   s u r f a c e  

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

E x a m p l e  2  

A  c o n t i n u o u s l y   c a s t   s l a b   h a v i n g   a  c o m p o s i t i o n  

c o n t a i n i n g   0 . 0 5 5 %   of   C,  3 . 5 2 %   of   S i ,   0 . 0 2 5 %   of   A e ,  

0 . 0 2 0 %   of  Mo,  0 . 0 1 9 %   of   Se  and  0 . 0 7 0 %   of   Mn  was  h e a t e d  

and  a n n e a l e d   a t   1 , 3 6 0 ° C   s u c h   t h a t   t h e   s c a l e   l o s s   m i g h t  

r e a c h   3 .8%,   and  h o t   r o l l e d   to  o b t a i n   a  h o t   r o l l e d   s h e e t  

of   2 . 3   mm  in  t h i c k n e s s .   T h e n ,   a f t e r   h a v i n g   b e e n  



h o m o g e n i z a t i o n   a n n e a l e d   a t   1 , 1 6 0 ° C ,   t h e   h o t   r o l l e d  

s h e e t   was  s u b j e c t e d   to  a  q u e n c h i n g   t r e a t m e n t   and  t h e n  

to  a  warm  r o l l i n g   a t   3 2 0 ° C   to  o b t a i n   a  f i n a l   c o l d  

r o l l e d   s h e e t   o f   0 . 3   mm  in   t h i c k n e s s .   T h e r e a f t e r ,   t h e  

c o l d   r o l l e d   s h e e t   was  s u b j e c t e d   to  t h e   d e c a r b u r i z a t i o n -  

p r i m a r y   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   a t   840°C   i n   w e t  

h y d r o g e n ,   and   t h e   c o l d   r o l l e d   s h e e t   was  c o a t e d   w i t h  

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

was  h e a t e d   a t   a  r a t e   o f   10°C  f rom  800°C   to  1 , 1 5 0 ° C   t o  

p e r f o r m   t h e   s e c o n d a r y   r e c r y s t a l l i z a t i o n .   S u b s e q u e n t l y ,  

t h e   p u r i f i c a t i o n   a n n e a l i n g   was  p e r f o r m e d   a t   1 , 2 0 0 ° C   i n  

h y d r o g e n   f o r   5  h o u r s .   The  m a g n e t i c   c h a r a c t e r i s t i c s   a n d  

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

w e r e   as  f o l l o w s :  

E x a m p l e   3 

A  c o n t i n u o u s   c a s t   s l a b   h a v i n g   a  c o m p o s i t i o n  

c o n t a i n i n g   0 . 0 4 8 %   of   C,  3 . 5 2 %   of   S i ,   0 . 0 2 9 %   of   AY-, 

0 . 0 1 5 %   o f   Mo,  0 . 0 2 3 %   of   Sb,   0 . 0 2 0 %   of   Se  and  0 . 0 7 3 %   o f  

Mn  was  h e a t e d   and  a n n e a l e d   a t   1 , 3 4 0 ° C   s u c h   t h a t   t h e  

s c a l e   l o s s   m i g h t   r e a c h   3 .2%  and  t h e   h o t   r o l l e d   t o  

o b t a i n   a  h o t   r o l l e d   s h e e t   o f   2 . 3   mm  in   t h i c k n e s s .  

T h e n ,   a f t e r   h a v i n g   b e e n   h o m o g e n i z a t i o n   a n n e a l e d   a t  

1 , 1 5 0 ° C ,   t h e   s t e e l   s h e e t   was  s u b j e c t e d   to  a  s t r o n g   c o l d  

r o l l i n g   a t   87%  to  o b t a i n   a  f i n a l   c o l d   r o l l e d   s h e e t   o f  

0 . 3   mm  in   t h i c k n e s s .   A  warm  r o l l i n g   was  c a r r i e d   o u t   a t  



280°C  d u r i n g   t h e   c o l d   r o l l i n g .   T h e r e f o r e ,   t h e   c o l d  

r o l l e d   s h e e t   was  s u b j e c t e d   to  a  d e c a r b u r i z a t i o n - p r i m a r y  

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   a t   840°C  in  wet   h y d r o g e n ,  

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

c o n s i s t i n g   o f   MgO  and  h e a t e d   a t   a  r a t e   of   1 5 ° C / h   f r o m  

850°C  to  1 , 1 2 0 ° C   to  e f f e c t   t h e   s e c o n d a r y   r e c r y s t a l l i z a -  

t i o n ,   f o l l o w e d   by  t h e   p u r i f i c a t i o n   a n n e a l i n g   a t   1 , 2 3 0 ° C  

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

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

w e r e   as  f o l l o w s :  

INDUSTRIAL  A P P L I C A B I L I T Y  

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

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

s i l i c o n   s t e e l   s h e e t   w h i c h   i s   e x c e l l e n t   in   t h e   m a g n e t i c  

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

and  t h e   low  i r o n   l o s s   w i t h o u t   d e t e r i o r a t i n g   t h e   s u r f a c e  

p r o p e r t i e s   t h e r e o f ,   and  t h e r e f o r e ,   when  t h e   s i l i c o n  

s t e e l   s h e e t   t h u s   o b t a i n e d   i s   a p p l i e d   to  t h e   u s e   of  t h e  

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

to  t h e   r e a l i z a t i o n   of   t h e   m i n i a t u r i z a t i o n   and  t h e  

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



2 8 0 ° C   d u r i n g   t h e   c o l d   r o l l i n g .   T h e r e f o r e ,   t h e   c o l d  

r o l l e d   s h e e t   was  s u b j e c t e d   to  a  d e c a r b u r i z a t i o n - p r i m a r y  

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   a t   840°C  in   we t   h y d r o g e n ,  

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

c o n s i s t i n g   o f   MgO  and  h e a t e d   a t   a  r a t e   o f   1 5 ° C / h   f r o m  

8 5 0 ° C   to  1 , 1 2 0 ° C   to   e f f e c t   t h e   s e c o n d a r y   r e c r y s t a l l i z a -  

t i o n ,   f o l l o w e d   by  t h e   p u r i f i c a t i o n   a n n e a l i n g   a t   1 , 2 3 0 ° C  

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

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

w e r e   as  f o l l o w s :  

INDUSTRIAL  A P P L I C A B I L I T Y  

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

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

s i l i c o n   s t e e l   s h e e t   w h i c h   i s   e x c e l l e n t   in   t h e   m a g n e t i c  

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

and   t h e   low  i r o n   l o s s   w i t h o u t   d e t e r i o r a t i n g   t h e   s u r f a c e  

p r o p e r t i e s   t h e r e o f ,   and   t h e r e f o r e ,   when  t h e   s i l i c o n  

s t e e l   s h e e t   t h u s   o b t a i n e d   i s   a p p l i e d   to  t h e   u se   of   t h e  

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

to  t h e   r e a l i z a t i o n   o f   t h e   m i n i a t u r i z a t i o n   and  t h e  

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



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

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

p r o p e r t i e s   and  m a g n e t i c   c h a r a c t e r i s t i c s ,   w h i c h   i s  

c h a r a c t e r i z e d   by  s t e p s   o f :   h e a t   t r e a t i n g   a  raw  s l a b   f o r  

a  s i l i c o n   s t e e l   s h e e t   w h i c h   raw  s l a b   has   a  c o m p o s i t i o n  

c o n t a i n i n g   0 . 0 1 - 0 . 0 8 %   of  C,  3 . 1 - 4 . 5 %   of  S i ,   0 . 0 0 5 - 0 . 0 6 %  

of  s o l   M ,   0 . 0 0 3 - 0 . 1 %   of   Mo  and  0 . 0 0 5 - 0 . 1 %   in  t o t a l  

a m o u n t   of   one  or   two  k i n d s   of   S  a n d   Se  a t   a  h e a t i n g  

t e m p e r a t u r e   of   n o t   l o w e r   t h a n   1 , 2 7 0 ° C   s u c h   t h a t   t h e  

s c a l e   l o s s   may  be  2 . 7 - 5 . 0 % ,   and  t h e n   h o t   r o l l i n g   t h e  

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

a  t e m p e r a t u r e   r a n g e   of   9 5 0 - 1 , 2 0 0 ° C   p r i o r   to  a  f i n a l  

c o l d   r o l l i n g ,   f o l l o w e d   by  q u e n c h i n g ;   s u b j e c t i n g   t h e  

r e s u l t a n t   to  t h e   c o l d   r o l l i n g   a t   a  d r a f t   of   8 0 - 9 5 %  

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

2 5 0 - 4 0 0 ° C   to  o b t a i n   a  f i n a l   s h e e t   t h i c k n e s s ;   a n d  

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

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   a l s o   s e r v i n g   as  d e c a r b u r i z a -  

t i o n   and  a  s e c o n d a r y   r e c r y s t a l l i z a t i o n   in   t h e   o r d i n a r y  

w a y .  
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