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5 9 - 1 4 6 , 9 8 9  

LXTKA  LOW  CARBON  STEEL  SHEETS 

T h i s   i n v e n t i o n   r e l a t e s   to  e x t r a   low  c a r b o n  

s t e e l   s h e e t s   h a v i n g   good  c h e m i c a l   c o n v e r s i o n   c h a r a c -  

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

t he   p h o s p h a t a b i l i t y   in  c a r b o n i t r i d e - c o n t a i n i n g   e x t r a  

05  low  c a r b o n   s t e e l   s h e e t s .  

E x t r a   low  c a r b o n   s t e e l   s h e e t s   c o n t a i n i n g   T i  

have   e x c e l l e n t   p r o p e r t i e s   s u c h   as  low  y i e l d   p o i n t ,   h i g h  

d u c t i l i t y   and  the   l i k e   in  v i e w   of  t h e i r   m e c h a n i c a l  

p r o p e r t i e s   ( p l e a s e   r e f e r   to  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  

10  P u b l i c a t i o n   No.  4 4 - 1 8 , 0 6 6 ) .   H o w e v e r ,   i f   i t   i s   i n t e n d e d  

to  u se   t he   a b o v e   s t e e l   s h e e t   a s ,   f o r   e x a m p l e ,   an  o u t e r  

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

t h a t   t he   p h o s p h a t a b i l i t y   is   a r e   p o o r ,   so  t h a t   t he   u s e  

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

L5  T h i s   r e s u l t s   m a i n l y   f rom  t he   f a c t   t h a t   t h e  

s u r f a c e   of   t h e   s t e e l   s h e e t   i s   c o v e r e d   w i t h   an  o x i d e  

f i l m   of   T i .   T h a t   i s ,   Ti  a b u n d a n t l y   e x i s t e n t   in  t h e  

s t e e l   s h e e t   c o n c e n t r a t e s   in  the   s u r f a c e   of  t he   s t e e l  

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

!0  l o n g   t i m e   a f t e r   the   c o i l i n g   f o l l o w e d   to  t he   h o t   r o l l i n g  

or  d u r i n g   t h e   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 f t e r   t h e  

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

to  form  an  o x i d e   f i l m   and  has  a  bad  i n f l u e n c e   of  c o n c e n -  

t r a t i o n   p r o m o t i o n .  
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As  a  m e t h o d   f o r   p r e v e n t i n g   the   above   d r a w b a c k ,  

t h e r e   a r e   known  a  m e t h o d   w h e r e i n   Mn,  S,  P  and  the   l i k e  

a r e   c o n c e n t r a t e d   on  the   s u r f a c e   of  the   s t e e l   s h e e t   ( a s  

d e s c r i b e d ,   f o r   e x a m p l e ,   in  J a p a n e s e   P a t e n t   l a i d   o p e n  

05  No.  5 9 - 7 4 , 2 5 9 )   and  so  on.  H o w e v e r ,   as  t he   a m o u n t s   o f  

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

p r o p e r t i e s   of  t he   s t e e l   a re   d e g r a d e d ,   so  t h a t   i t   i s  

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

e x t r e m e l y   l o w e r i n g   the  c a r b o n   c o n t e n t   and  a d d i n g   Ti  . 

10  I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of  the   i n v e n t i o n  

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

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

15  p r o v i s i o n   of  an  e x t r a   low  c a r b o n   s t e e l   s h e e t   h a v i n g   a  

good  p h o s p h a t a b i l i t y ,   w h i c h   c o m p r i s e s   no t   more  t h a n  

0 . 0 1   wt%  of  c a r b o n ,   not   more  t h a n   0 .01   wt%  of  n i t r o g e n ,  

n o t   more  t h a n   0 . 1 5   wt%  of  s i l i c o n ,   not   more  t han   0 .6   wt% 

of  m a n g a n e s e ,   no t   more  t han   0 . 1 0   wt%  of  a l u m i n u m ,  

20  t i t a n i u m   b e i n g   no t   l e s s   t han   h  .  0--  (  (  C]  +  [  N]  )  ,  n i o b i u m  

b e i n g   w i t h i n   a  r a n g e   of  l / 6 * [ T i ]   to  3 1 / 4 x [ C ] ,   and  t h e  

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

For   a  b e t t e r   u n d e r s t a n d i n g   of  the  i n v e n t i o n ,  

r e f e r e n c e   is  made  to  the   a c c o m p a n y i n g   d r a w i n g ,   i n  

25  w h i c h :  

A  s i n g l e   f i g u r e   is  a  g r a p h   i l l u s t r a t i n g   a  

r e l a t i o n   ainon.u  a m o u n t s   oi  Ti  and  Kb  and  p in   h o l e   a r e a  

r  at  io  (PHK)  . 
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The  i n v e n t i o n   i s   b a s e d   on  the   p h e n o m e n o n  

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

p r o p e r t i e s   and  p h o s p h a t a b i l i t y   of   Nb  a n d / o r   T i - c o n t a i n i n g  

s t e e l   . 

N a m e l y ,   e a c h   of   s t e e l s   h a v i n g   a  c h e m i c a l  

c o m p o s i t i o n   shown  in  t he   f o l l o w i n g   T a b l e   1,  w h e r e i n   t h e  

amoun t   of  Nb  a d d e d   i s   v a r i e d   to  a  s t e e l   c o n t a i n i n g   a n  

amoun t   of  Ti  l a r g e r   t h a n   a  s p e c i f i e d   t o t a l   amoun t   of  C 

and  N,  was  m e l t e d   in  a  l a b o r a t o r y   and  s h a p e d   i n t o   a  

s l a b ,   w h i c h   was  t h e n   h o t   r o l l e d ,   c o l d   r o l l e d ,   e l e c t r o -  

l y t i c a l l y   d e g r e a s e d   and  c o n t i n u o u s l y   a n n e a l e d   at  8 3 0 ° C  

f o r   20  s e c o n d s .   N e x t ,   t he   m e c h a n i c a l   p r o p e r t i e s   a n d  

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

e x a m i n e d   . 
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The  p h o s p h a t a b i l i t y   was  e s t i m a t e d   by  p i n   h o l e  

a r e a   r a t i o   ( h e r e i n a f t e r   a b b r e v i a t e d   as  PHE)  when  t h e  

s t e e l   s h e e t   was  d e g r e a s e d ,   r i n s e d   w i t h   w a t e r ,   p h o s p h a t e d  

and  s u b j e c t e d   to  a  p i n   h o l e   t e s t   as  m e n t i o n e d   l a t e r .  

05  In  t he   p i n   h o l e   t e s t ,   a  n o n - c o v e r e d   p o r t i o n  

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

s t e e l   s h e e t   to  be  t e s t e d   was  d e t e c t e d   by  s t i c k i n g   a  

f i l t e r   p a p e r   i m p r e g n a t e d   w i t h   a  r e a g e n t   d e v e l o p i n g   a 

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

10  t he   s t e e l   s h e e t ,   w h i c h   was  n u m e r a l i z e d   as  PHE  by  i m a g e  

a n a l   y s i s   . 

S e p a r a t e l y ,   i t   has   b e e n   c o n f i r m e d   t h a t   P H E < 3 . 0  

shows   a  good   p h o s p h a t a b i l i t y .  

In  the   s i n g l e   f i g u r e   is   shown  a  r e l a t i o n   o f  

15  Ti  and  Nb  a m o u n t s   to  PHE,  from  w h i c h   t h e r e   have   b e e n  

f o u n d   the   f o l l o w i n g s .   As  the  Ti  a m o u n t   i n c r e a s e s ,   PHE 

b e c o m e s   h i g h e r .   W h i l e ,   PHE  l o w e r s   as  the   Nb  a m o u n t  

i n c r e a s e s .   In  the  s t e e l   c o n t a i n i n g   any  g i v e n   amount   o f  

Ti  ,  when  t he   Nb  a m o u n t   i s   no t   l e s s   t h a n   1 /6   of  t h e  

20  a m o u n t   of  Ti  ,  PHE  b e c o m e s   not   more  t h a n   3,  w h i c h   s h o w s  

a  good  p h o s p h a t a b i l i t y .  

Ti  p r e f e r e n t i a l l y   bonds   to  S  ,  N  and  C  in  t h e  

s t e e l   to  form  p r e c i p i t a t e s ,   and  a t   t he   same  t ime  c o n c e n -  

t r a t e s   in  t he   s u r f a c e   of  the   s t e e l   to  form  an  o x i d e  

25  f i l m   d e g r a d i n g   the   p h o s p h a t a b i l i t y   as  p r e v i o u s l y  

m e n t i o n e d .   T h e r e f o r e ,   when  the  a m o u n t   of  Ti  added  i s  

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

a b i l i t y   a p a r t   from  the   m e c h a n i c a l   p r o p e r t i e s ,   but   t h e  
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p h o s p h a t a b i l i t y   i s   d e g r a d e d   as  t he   Ti  a m o u n t   i n c r e a s e s .  

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

a m o u n t   of   Ti  a d d e d   i s   n o t   l e s s   t h a n   4  t i m e s   of   t h e  

t o t a l   a m o u n t   of   C  and  N  in  o r d e r   to  p r o v i d e   n o n - a g i n g  

05  s t e e l   s h e e t s .  

On  the   o t h e r   h a n d ,   the   p h o s p h a t a b i l i t y   i s  

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

B e c a u s e ,   i t   is   g u e s s e d   t h a t   t he   s u r f a c e   c o n c e n t r a t i o n  

of  Ti  is   f i r s t   s u p p r e s s e d   w i t h   the   i n c r e a s e   of  the   Nb 

10  a m o u n t ,   so  t h a t   Ti  can  no t   c o m p l e t e l y   f i x   c a r b o n   u n l e s s  

a  s u f f i c i e n t l y   e x c e s s i v e   a m o u n t   of  Ti  i s   a d d e d   t o  

a m o u n t s   of  C,  N  and  S  in  t he   s t e e l   and  h e n c e   Nb  r e a c t s  

w i t h   C  to  form  NbC  s e r i e s   p r e c i p i t a t e s   on  t he   s u r f a c e  

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

15  c r y s t a l .  

M o r e o v e r ,   i t   i s   known  t h a t   when  the   a m o u n t   o f  

s o l u t e   c a r b o n   i s   no t   more  t h a n   0 . 0 0 5 % ,   even   i f   s u c h  

s o l u t e   c a r b o n   is   e x i s t e n t   in  the   s t e e l ,   i t   i s   i n c l u d e d  

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

10  n o n - a g i n g   s t e e l   s h e e t .  

H o w e v e r ,   when  t he   Nb  a m o u n t   is   e x c e s s i v e  

to  the   C  a m o u n t ,   the   p h o s p h a t a b i l i t y   i s   d e g r a d e d .  

T h e r e f o r e ,   the   Nb  a m o u n t   mus t   be  l i m i t e d   to  no t   m o r e  

t h a n   3 1 / 4   t i m e s   the   C  a m o u n t .  

'.5  A c c o r d i n g   to  the   i n v e n t i o n ,   the   r e a s o n   why  

the   a m o u n t s   of  C  and  N  a r e   l i m i t e d   to  no t   more  t h a n  

0 . 0 1 % ,   r e s p e c t i v e l y ,   is   due  to  the   f a c t   t h a t   the   p r e s s  

f o r m a b i l i t y   is  s u f f i c i e n t l y   e n s u r e d   as  the   m e c h a n i c a l  
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p r o p e r t i e s   of  t he   s t e e l .   Fo r   t he   same  r e a s o n   a s  

d e s c r i b e d   a b o v e ,   t he   a m o u n t s   of  Mn  and  Si  a re   l i m i t e d  

to  n o t   more  t h a n   0 .6%  and  n o t   more  t h a n   0 . 1 5 % ,   r e s p e c -  

t i v e l y .   AJL  is   a c c e p t e d   to  be  n o t   more  t h a n   0.1%  as  t h e  

05  d e o x i d i z e r   in  t he   s t e e l   m a k i n g .   M o r e o v e r ,   the   i n e v i t a b l e  

i m p u r i t i e s   a r e   P  and  S,  w h i c h   a r e   a c c e p t e d   to  be  n o t  

more   t h a n   0 .15%  and  0 . 0 2 % ,   r e s p e c t i v e l y ,   a c c o r d i n g   t o  

t he   i n v e n t i o n .  

The  s t e e l   s h e e t   a c c o r d i n g   to  t he   i n v e n t i o n   i s  

10  m a n u f a c t u r e d   by  s u b j e c t i n g   a  s t e e l   of  a  p a r t i c u l a r  

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

c o l d   r o l l i n g   and  a n n e a l i n g   in  t he   u s u a l   m a n n e r .  

The  f o l l o w i n g   e x a m p l e s   a r e   g i v e n   in  t h e  

i l l u s t r a t i o n   of  the   i n v e n t i o n   and  a r e   no t   i n t e n d e d   a s  

15  l i m i t a t i o n s   t h e r e o f .  

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

c h e m i c a l   c o m p o s i t i o n   as  shown  in  t he   f o l l o w i n g   T a b l e   2 

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

a n n e a l   ing   . 

»0 
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The  p h o s p h a t a b i l i t y   (PHE)  and  m e c h a n i c a l  

p r o p e r t i e s   (AI  ,  a g i n g   i n d e x ,   kg /mm2)   we re   m e a s u r e d   w i t h  

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

as  shown  in  t h e   f o l l o w i n g   T a b l e   3.  M o r e o v e r ,   t h e  
°5  p h o s p h a t i c   t r e a t m e n t   was  c a r r i e d   ou t   w i t h   BT  3112  m a d e  

by  J a p a n   P e r k e r i z i n g   K . K . ,   a d j u s t i n g   to  t o t a l   a c i d i t y  

of  1 4 . 3   and  f r e e   a c i d i t y   of  0 . 5   a t   55°C  and  t h e n  

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

120  s e c o n d s .   The  p h o s p h a t a b i l i t y   was  e v a l u a t e d   by  PHE 
0  as  p r e v i o u s l y   m e n t i o n e d .  
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f a b l e   3 

0 2 2 8 7 5 6  

S t e e l   s h e e t   Kind  of   a n n e a l i n g   
'vl  PHE  AI  

* 2  

1  CAL  2 . 6   0 

1  B a t c h   2 . 3   0  

2  CAL  2 . 3   0 

2  B a t c h   2 . 6   0 

3  CAL  2 . 5   0 

3  B a t c h   2 . 7   0 

4  CAL  1 . 3   0 

4  B a t c h   1 . 8   0 

5  CAL  0 . 8   1 . 5  

5  B a t c h   1 . 2   0 . 8  

6  CAL  3 . 4   0 

6  B a t c h   3 . 8   0 

7  CAL  3 . 2   0 

N o t e )   "1  . . .   CAL  '-  :  c o n t i n u o u s   a n n e a l i n g   8 3 0 ° C ,  
20  s e c o n d s   s o a k i n g  

B a t c h   :  box  a n n e a l i n g   6 9 0 ° C ,  
5  h o u r s   s o a k i n g  

«2  . . .   r i s e   of  s t r e s s   ( k g / m m 2 )   in  a g i n g  
t r e a t m e n t   a t   100°C  f o r   30  m i n u t e s  
a f t e r   t he   7 .5%  p r e - s t r a i n  

As  s e e n   f rom  T a b l e   3,  when  t h e   Ti  a m o u n t   i s  

l e s s   t h a n   4  t i m e s   the   t o t a l   a m o u n t   of  C  and  N  ( S t e e l  

s h e e t   No.  5 ) ,   AI  is   no t   z e r o ,   so  t h a t   a  s o - c a l l e d  

n o n - a g i n g   s t e e l   s h e e t   can  n o t   be  o b t a i n e d .   Even  w h e n  

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



-  11  -  
0 2 2 8 7 5 6  

n o t   more   t h a n   0 . 0 1 %   of   e a c h   of  c a r b o n   and  n i t r o g e n  

a m o u n t s ,   i f   t h e   n o n - a g i n g   p r o p e r t y   can  n o t   be  e n s u r e d ,  

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

T h e r e f o r e ,   t h e   Ti  a m o u n t   i s   n e c e s s a r y   to  be  n o t   l e s s  

05  t h a n   4  t i m e s   t he   t o t a l   a m o u n t   of  C  and  N. 

On  t he   o t h e r   h a n d ,   t he   p h o s p h a t a b i l i t y   i s  

d e g r a d e d   w i t h   t he   i n c r e a s e   of  Ti  a m o u n t ,   b u t   i t   i s  

i m p r o v e d   by  a d d i n g   Nb  in  an  amoun t   of  no t   l e s s   t h a n   1 / 6  

of  t he   Ti  a m o u n t .   When  the   Nb  amoun t   i s   l e s s   t h a n   1 / 6  

10  of   Ti  a m o u n t   ( S t e e l   s h e e t   No.  6)  or   more  t h a n   3 1 / 4  

of   C  a m o u n t   ( S t e e l   s h e e t   No.  7 ) ,   PHE  e x c e e d s   3,  and  t h e  

p h o s p h a t a b i l i t y   i s   d e g r a d e d .  

Even  in  c a s e   of  s t e e l s   c o n t a i n i n g   more  t h a n  

0 .01%  of  C  or  N  a m o u n t ,   the   n o n - a g i n g   p r o p e r t y   can  b e  

L5  o b t a i n e d   by  the   s u f f i c i e n t   a d d i t i o n   of  T i .   In  t h i s  

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

or  d u c t i l i t y   b e c o m e s   p o o r ,   so  t h a t   t h e r e   is  no  m e a n i n g  

on  t h e   a d d i t i o n   of  t he   l a r g e   amoun t   of  T i .   For   t h i s  

r e a s o n ,   a  l a r g e   a m o u n t   of  Nb  is   a l s o   r e q u i r e d   to  b e  

0  a d d e d   to  i m p r o v e   the   p h o s p h a t a b i l i t y .   As  a  r e s u l t ,   t h e  

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

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

the   l i k e ) .   T h e r e f o r e ,   the   Nb  amoun t   is   l i m i t e d   up  t o  

3 1 / 4   of   C  a m o u n t .  

5  A c c o r d i n g   to  t he   i n v e n t i o n ,   the   r e m a r k a b l e  

i m p r o v e m e n t   of  p h o s p h a t a b i l i t y   can  be  r e a l i z e d   w i t h o u t  

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

m a t e r i a l   of  Ti  -  c o n t a i n i n g   e x t r a   low  c a r b o n   s t e e l   s h e e t s .  
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: l a i m s  

3 2 2 8 7 5 6  

1  .  An  e x t r a   low  c a r b o n   s t e e l   s h e e t   h a v i n g   a  g o o d  

p h o s p h a t a b i l i t y ,   w h i c h   c o m p r i s e s   n o t   more  t h a n   0 . 0 1   w t% 

of  c a r b o n ,   n o t   more   t h a n   0 . 0 1   wt%  of   n i t r o g e n ,   no t   m o r e  

t h a n   0 . 1 5   wt%  of  s i l i c o n ,   n o t   more  t h a n   0 . 6   wt%  o f  

m a n g a n e s e ,   n o t   more   t h a n   0 . 1 0   wt%  of  a l u m i n u m ,   t i t a n i u m  

b e i n g   no t   l e s s   t h a n   4.  Ox  (  [C]  +[N]  )  ,  n i o b i u m   b e i n g   w i t h i n  

a  r a n g e   of  l / 6 x [ T i ]   to  3 1 / 4 *   [C] ,   and  the   b a l a n c e   b e i n g  

i r o n   and  i n e v i t a b l e   i m p u r i t i e s .  

2.  The  e x t r a   low  c a r b o n   s t e e l   s h e e t   a c c o r d i n g   t o  

c l a i m   1,  w h e r e i n   s a i d   i n e v i t a b l e   i m p u r i t i e s   a r e   n o t  

more  t h a n   0 . 1 5   wt%  of   p h o s p h o r u s   and  n o t   more   t h a n  

0 . 0 2   wt%  of  s u l f u r .  
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