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(&4)  Method  for  producing  oriented  silicon  steel  having  improved  magnetic  properties. 

An  improvement  in  the  manufacture  of  oriented  silicon 
steel  to  improve  the  magnetic  properties,  and  specifically  to 
achieve  improved  core  loss;  the  improvement  comprising 
removing  as  by  acid  pickling  at  least  3.3  µm  from  each 
surface  of  said  steel  and  normalizing  said  steel  to  effect 
decarburization  prior  to  final  texture  annealing. 



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  m e t h o d   f o r   p r o d u c i n g  

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

p a r t i c u l a r l y   i m p r o v e d   c o r e   l o s s .  

O r i e n t e d   s i l i c o n   s t e e l   in   t h e   f o rm  of  s h e e t s   i s   k n o w n  

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

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

h o t - r o l l i n g   f o l l o w e d   by  c o l d - r o l l i n g   w i t h   or   w i t h o u t . i n t e r m e d -  

i a t e   a n n e a l i n g .   N o r m a l i z i n g   t r e a t m e n t s   a r e   t h e n   c o n d u c t e d  

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

a c h i e v e d .   The  s t e e l   i s   t h e n   c o n v e n t i o n a l l y   c o a t e d   and  t e x t u r e  

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

a n n e a l i n g   t h e   a l l o y   i s   c h a r a c t e r i z e d   by  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   t e x t u r e   in   t h e   (110)  (001)  p o s i t i o n ,   w h i c h   i s  t e r m e d  

t h e   c u b e - o n - e d g e   o r i e n t a t i o n .   T h i s   a l l o y   in   s h e e t   f o r m   has   a  

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

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

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

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

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



c o r e   l o s s   may  be  p r o m o t e d   by  a c h i e v i n g   i m p r o v e d   c u b e - o n - e d g e  

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

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

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

p r o v i d e d   w i t h   an  i m p r o v e d   o r i e n t a t i o n   w i t h   r e g a r d   to   t h e  

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

w h i c h   a c h i e v e s   r e d u c e d   c o r e   l o s s .  

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

o r i e n t e d   s i l i c o n   s t e e l   c h a r a c t e r i z e d   by  i m p r o v e d   c o r e   l o s s ,  

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

i n t e r m e d i a t e   a n n e a l i n g ,   n o r m a l i z i n g   and  f i n a l   t e x t u r e   a n n e a l i n g ,  

w h e r e i n   a t   l e a s t   3 .3µm i s   r e m o v e d   f rom  e a c h   s u r f a c e   of  s a i d   s t e e l  

a f t e r   c o l d - r o l l i n g   and   p r i o r   to   n o r m a l i z i n g   s a i d   s t e e l .  

The  i n v e n t i o n   w i l l   be  more   p a r t i c u l a r 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   t h e   a c c o m p a n y i n g   d r a w i n g s ,   i n   w h i c h : -  

F i g u r e   1  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of   s p e c i f i c  

e x a m p l e s   of   t h e   p r a c t i c e   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  i s   a  c u r v e   s h o w i n g   t h e   p e r m e a b i l i t y   a c h i e v e d  

w i t h   r e s p e c t   to   t h e   s p e c i f i c   e x a m p l e s   s e t   f o r t h   in   F i g u r e   1 ;  

a n d  

F i g u r e   3  i s   a  c u r v e  s h o w i n g   t h e   c o r e   l o s s   d e t e r m i n a t i o n s  

w i t h   r e s p e c t   to   t h e   s p e c i f i c   e x a m p l e s   of   F i g u r e   1 .  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   i t   was  d e t e r m i n e d  

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

o f   a  s t r i p   as  o p p o s e d   to   t h e   s u r f a c e   p o r t i o n s   t h e r e o f .   I n  

a c c o r d a n c e   w i t h   t h e   p r a c t i c e   of  t h e   i n v e n t i o n   i t   was  d e t e r m i n e d  

t h a t ,   and   as  w i l l   be  shown  by  s p e c i f i c   e x a m p l e s   h e r e i n a f t e r ,   i f  



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

a c i d   p i c k l i n g   to   r e m o v e   a t   l e a s t   3 . 3 µ m  f r o m   e a c h   s u r f a c e   o f  

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

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

c h a r a c t e r i z e d   by  an  i m p r o v e d   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   o r  

g r a i n   o r i e n t a t i o n   w h i c h   i s   t h e   s u b s t a n t i a l   e q u i v a l e n t   of  t h a t  

t y p i c a l l y   o c c u r r i n g   in   t h e   i n t e r i o r   of   t h e   s t r i p .   T h i s   r e m o v a l  

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

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

By  way  of   a  s p e c i f i c   e x a m p l e   to   d e m o n s t r a t e   t h e   i n v e n t i o n  

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

w e r e   e m p l o y e d : -  

S a m p l e s   in   t h e   fo rm  of   s t r i p s   of  t h e   a b o v e   c o m p o s i t i o n s   w e r e  

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

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

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

a r e   s e t   f o r t h   in   F i g u r e   1.  As  may  be  s e e n   f rom  t h i s   F i g u r e   1 

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

and  b e t w e e n   f i n a l   n o r m a l i z i n g   s t e p s .   In  F i g u r e   1  t h e   s y m b o l s  

N,  Q  and  P  i n d i c a t e   t h e   f o l l o w i n g   t r e a t m e n t s :  

N  =  N o r m a l   f i n a l   n o r m a l i z i n g   c y c l e ,   802°C  ( 1 4 7 5 ° F ) ,   1 5 2 . 4  

(6  i n ) / m i n . ,   in   80N2 /20H2   a t   10°C  (50°F)   d . p .  

Q  =  Q u i c k   h e a t   to   982°C  ( 1 8 0 0 ° F )   f o r   1  m in .   in   80N2 /20H2   a t  

10°C  ( 5 0 ° F ) d . p .  

P  =  P i c k l e   in   50%  HC1,  r e m o v i n g   a b o u t  b   m i l .   f r om  e a c h   s i d e  

of   s t r i p .  



P r i o r   to   t e x t u r e   a n n e a l i n g   a l l  t h e   s a m p l e   s t r i p s   w e r e  

c o a t e d   w i t h   MgO  +  .75%B  and  t h e r e a f t e r   f i n a l   t e x t u r e   a n n e a l e d  

i n   H2  a t   1177°C   ( 2 1 5 0 ° F ) .   The  m a g n e t i c   p r o p e r t i e s   of   t h e  

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

p e r m e a b i l i t y   and   c o r e   l o s s   a r e   s e t   f o r t h   in   F i g u r e s   2  and  3 ,  

r e s p e c t i v e l y .   The  n u m b e r   a f t e r   e a c h   d a t a   p o i n t   in   F i g u r e s   2 

and  3  r e p r e s e n t s   t h e   c a l c u l a t e d   g a u g e   of   t h e   s t r i p s .   By  w a y  

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

s u b j e c t e d   to   p i c k l i n g   in   a c c o r d a n c e   w i t h   t h e   e x a m p l e s   s e t  

f o r t h   in   F i g u r e   1,  t h e   p e r m e a b i l i t y   and   c o r e   l o s s   d a t a   f o r  

c o n v e n t i o n a l l y   p r o c e s s e d   m a t e r i a l s   a r e   s e t   f o r t h   in   T a b l e   I . .  

The  m a t e r i a l   of   T a b l e   I  i s   of   t h e   same  c o m p o s i t i o n  a s  t h a t  

s u b j e c t e d   to   t h e   t e s t i n g   as  r e p o r t e d   in   F i g u r e   1  and  l i k e w i s e  

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

p r i o r   to   t e x t u r e   a n n e a l i n g .  

From  t h e   m a g n e t i c   p r o p e r t y   d a t a   p r e s e n t e d   in   F i g u r e s   2 

and  3,  when  c o m p a r e d   w i t h   t h e   T a b l e   I  d a t a   f o r   c o n v e n t i o n a l l y  

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

w i t h   t h e   i n v e n t i o n   p r i o r   to   f i n a l   n o r m a l i z i n g   r e s u l t s   in   a n  

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

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



as  s e t   f o r t h   in   F i g u r e   1  d e s i g n a t e d   a t  P   +  Q  t r e a t m e n t   y i e l d s  

t h e   l o w e s t   c o r e   l o s s ;   w h e r e a s ,   t h e   s a m p l e   s u b j e c t e d   to   t h e  

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

t r e a t m e n t   s a m p l e s   w i t h   r e s p e c t   to   c o r e   l o s s   a p p r o x i m a t e   t h e  

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

a  p i c k l i n g   t r e a t m e n t ,   as  may  b e e n   s e e n   f o r m   t h e   T a b l e   I  d a t a .  



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

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

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

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

a t   l e a s t   3 . 3µm i s   r e m o v e d   f r o m   e a c h   s u r f a c e   of   s a i d   s t e e l   a f t e r  

c o l d - r o l l i n g   and  p r i o r   to   n o r m a l i z i n g   s a i d   s t e e l .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1 ,  c h a r a c t e r i s e d   i n  t h a t  

a t   l e a s t   3 . 3 µ m  i s   r e m o v e d   f r o m   e a c h   s u r f a c e   of   s a i d   s t e e l   b y  

a c i d   p i c k l i n g .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   2 ,  c h a r a c t e r i s e d   i n   t h a t  

s a i d   p i c k l i n g   i s   p e r f o r m e d   by  t h e   u s e   of   an  HCl  s o l u t i o n .  
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