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©  Filled  tubular  article  and  method  for  casting  boron  treated  steel. 
The  invention  provides  a  filled  tubular  article  (38)  for 

controlled  dissolution  in  a  molten  metal  for  making  boron 
treated  steel,  comprising: 

an  elongate  conduit  of  ferrous  material  (56) 
an  elongate,  non-particulate  member  located  within  the 

conduit,  the  member  being  primarily  of  aluminum  material 
(58)  and 

a  preselected  particulate  master  composition  (60)  includ- 
ing  particles  being  made  of  a  material  containing  a  pre- 
selected  amount  of  the  chemical  element  boron.  The  inven- 
tion  also  provides  a  method  of  casting  a  boron  treated  steel 
article  by  introducing  molten  steel  into  a  mold  (20),  the 
improvement  comprising:  the  introduction  below the  surface 
of the  molten  steel  (13) in  the  mold  of  preselected  percentages 
by  weight  of  aluminum  in  the  form  of  a  non-particulate  elon- 
gate  member  and  boron  in  the  form  of  particles  of  a  material 
containing  the  chemical  element  boron,  said  elongate 
member  and  particles  being  within  an  outer  conduit  of ferrous 
material  of  a  filled  tubular  article  (381 





T h i s   i n v e n t i o n   r e l a t e s   q e n e r a l l y   to  c a s t i n g  

of  b o r o n   t r e a t e d   s t e e l ,   and  more  s p e c i f i c a l l y   to  a n  

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

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

t u b u l a r   a r t i c l e   i n t o   t he   m o l t e n   m e t a l   as  i t   is   b e i n g  

c a s t .  

Up  to  t he   p r e s e n t   t i m e   a  number   of  d i f f i c u l -  

t i e s   have   b e e n   e x p e r i e n c e d   w i t h   t he   c o n t i n u o u s   c a s t i n g  
of  b o r o n   t r e a t e d   s t e e l s   b e c a u s e   of  the   need  to  a d d  

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

t he   m o l t e n   m e t a l   n e a r   t he   t i m e   of  p o u r i n g .   For  e x a r p l e ,  

such   s t e e l s   have   been   t y p i c a l l y   p r o d u c e d   by  a d d i n g  

a l u m i n u m   to  t he   m o l t e n   m e t a l   i m m e d i a t e l y   p r i o r   to  t h e  

i n t r o d u c t i o n   t h e r e o f   i n t o   t he   m o l d .   H o w e v e r ,   t h e  

a l u m i n u m   in  t h e s e   a l u m i n u m   k i l l e d   s t e e l s   fo rms   o x i d e s  

and  a  r e a c t i o n   w i t h   t he   s i l i c a t e s   in  t he   m e l t   to  p l u g  

t he   n o z z l e s   t h a t   m e t e r   the   m o l t e n   m e t a l   to  the   t u n d i s h  

and  to  t he   mo ld .   T i t a n i u m   a l s o   fo rms   o x i d e s   and  t e n d s  

to   p l u g   the   n o z z l e s   in  much  t he   same  way.  Such  s l a g  

f o r m a t i o n   at   t he   n o z z l e s   no t   o n l y   d e t r i m e n t a l l y   a f f e c t s  

t he   c o n t r o l l e d   f l o w   r a t e   of  m o l t e n   m e t a l   i n t o   the  m o l d ,  

b u t   d e t r i m e n t a l l y   a f f e c t s   the   r a t i o   of  e x t e r n a l   s u r f a c e  

a r e a   of  t he   p o u r e d   s t r e a m   to  t he   t o t a l   s t r e a m   c r o s s  

s e c t i o n   so  t h a t   t h e r e   is   u n d e s i r a b l y   an  i n c r e a s e d  

o x i d a t i o n   and  n i t r i d i n g   t e n d e n c y .   The  f o r m a t i o n   o f  

s l a g   a l s o   d e t r a c t s   from  the   a m o u n t   of  r e s i d u a l   a l u G i n u m  

a v a i l a b l e   f o r   o b t a i n i n g   the   d e s i r e d   g r a i n   r e f i n e m e n t .  



The  m a t e r i a l   a d d i t i o n s   s u c h   as  t i t a n i u m ,  

z i r c o n i u m   and  b o r o n ,   in  s i n g u l a r   or  c o m b i n e d   f o r m ,  

w h i c h   h a v e   b e e n   made  to  t he   t u n d i s h   or  l a d l e   to  i m p r o v e  

t h e   r e s p o n s e   of  t h e   m a t e r i a l   to  h e a t   t r e a t m e n t   h a v e  

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

has   b e e n   a  r e a c t i o n   w i t h   t he   a t m o s p h e r e   and  a  f a d i n g  

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

a d d i t i o n a l   m a t e r i a l s   to  t h e   a t m o s p h e r e   a t   t he   e l e v a t e d  

t e m p e r a t u r e .   In  o t h e r   w o r d s ,   t h e   a r t i c l e   or  b i l l e t  

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

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

m a t e r i a l   a d d i t i o n s   and  a  l o w e r   h a r d e n a b i l i t y   t h a n   i s  

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

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

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

of  t i m e   and  m a t e r i a l .  

A n o t h e r   a p p r o a c h   to  m i n i m i z i n g   t h e   e x p o s u r e  
of   t h e   h i g h l y   r e a c t i v e   a d d i t i v e   m a t e r i a l s   to  t he   a t m o -  

s p h e r e   i s   to  s h r o u d   t he   o u t l e t   s t r e a m   a n d / o r   to  u se   a n  

i n e r t   gas   s u c h   as  a r g o n   to  i s o l a t e   t h e   s t r e a m   as  i t   i s  

b e i n g   p o u r e d   i n t o   t h e   m o l d .   O b v i o u s l y ,   t h i s   adds   a  

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

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

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

a l l o y   rod   n e a r   t h e   e n t r y   to  t h e   mold   as  i s   r e c o m m e n d e d  

by  K a w e c k i   B e r y l c o   I n d u s t r i e s ,   I n c .   of  R e a d i n g ,   P e n n s y l -  

v a n i a .   T h i s   l a t e   a d d i t i o n   of  a l u m i n u m ,   as  w e l l   a s  

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

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

s a t i s f a c t o r y .   T h i s   i s   in  p a r t   due  to  t h e   a l u m i n u m   a l l o y  

rod   m e l t i n g   p r e m a t u r e l y   so  t h a t   t h e r e   i s   an  u n d e s i r a b l e  

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

t i v e n e s s   of  t h e   m a t e r i a l   a d d i t i o n s ,   and  in  p a r t   due  t o  

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

and  t h e i r   p r o p o r t i o n s .  



Even  t h o u g h   t he   a d v a n t a g e o u s   t e a c h i n g s   o f  

U.  S.  P a t e n t   No.  3 , 9 9 1 , 8 0 8   i s s u e d   to  J.   R.  N i e m a n ,  

e t   a l   on  November   16,  1976  have   been   w i d e l y   r e c o g n i z e d ,  

such   t e a c h i n g s   have   not   r e s u l t e d   in  the   f o r m a t i o n   of  a  

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

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

c h e m i c a l   r e a c t i o n s   t h a t   o c c u r .   Not  o n l y   do  t he   r e a c t i o n  

c a p a b i l i t i e s   of  t he   m a t e r i a l s   of  the   rod  i t s e l f   have   t o  

be  t a k e n   i n t o   p r o p e r   a c c o u n t ,   b u t   a l s o   one  mus t   c o n s i d e r  

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

m e t a l   and  to  t he   g a s e s   in  t he   a t m o s p h e r e .   F u r t h e r m o r e ,  

t h e   f l e x i b i l i t y   of  t he   r o d  s h o u l d  b e   m a i n t a i n e d   to  p e r m i t  

c o i l i n g   t h e r e o f   on  a  c o n t a i n m e n t   r e e l .   H e n c e ,   t h e  

a d d i t i v e   rod  should  not  be  too  s t i f f   or  b r i t t l e ,   and  i f  

p a r t i c u l a t e   m a t e r i a l   i s   c o n t a i n e d   w i t h i n   t he   rod  i t  

s h o u l d   be  c a p a b l e   of  b e i n g   d rawn  fo r   i m p r o v e d   d e n s i f i -  

c a t i o n   t h e r e o f .  

Thus ,   wha t   is  d e s i r e d   is  a  s i n g l e   r o d ,   c a p a b l e  

of  b e i n g   e a s i l y   h a n d l e d   and  fed  i n t o   m o l t e n   s t e e l ,   a n d  

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

as  a r e   p r e c i s e l y   t a i l o r e d   fo r   the   p r o d u c t i o n   of  f i n e  

g r a i n ,   b o r o n   t r e a t e d   s t e e l s   in  an  e f f e c t i v e   and  e c o n o m i -  

c a l   m a n n e r .   As  one  wou ld   s u s p e c t ,   the   f u l l   b o r o n   e f f e c t  

i s   l i k e l y   to  be  o b t a i n e d   o n l y   w i t h   a  rod  h a v i n g   a 

p r e s e l e c t e d   c o n s t r u c t i o n   and  m a t e r i a l   c o m p o s i t i o n .   I n  

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

number   of  i n o c u l a t i n g   r o d s   a re   known  to  t he   i n d u s t r y  

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

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

U.  S.  p a t e n t s   d i s c l o s e   i n o c u l a t i n g   rod  c o n s t r u c t i o n s  

w h i c h   a r e   r e p r e s e n t a t i v e   of  the   g e n e r a l   s t a t e   of  t h e  

a r t :  



3 , 0 5 6 , 1 9 0   to   D.  S.  C h i s h o l m ,   e t   a l  

on  O c t o b e r   2,  1 9 6 2  

3 , 3 6 7 , 3 9 5   to   S.  I.   K a r s e y  

on  F e b r u a r y   6,  1 9 6 8  

3 , 9 2 1 , 7 0 0   to   J .   G.  F r a n t z r e b ,   S r .  

on  N o v e m b e r   25,  1 9 7 5  

4 , 1 7 4 , 9 6 2   to   J .   G . ' F r a n t z r e b ,   Sr .   e t   a l  

on  N o v e m b e r   20,  1 9 7 9  

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

f o r   m a k i n g   b o r o n   t r e a t e d   s t e e l s .  

A c c o r d i n g   to  one  a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n  

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

t i o n   in  a  m o l t e n   m e t a l   f o r   m a k i n g   b o r o n   t r e a t e d   s t e e l ,  

c o m p r i s i n g :  

an  e l o n g a t e   c o n d u i t   of  f e r r o u s   m a t e r i a l ;  

an  e l o n g a t e ,   n o n - p a r t i c u l a t e   member   l o c a t e d  

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

m a t e r i a l ;   a n d  

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

i n c l u d i n g   p a r t i c l e s   b e i n g   made  of  a  m a t e r i a l   c o n t a i n i n g  

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

The  f i l l e d   t u b u l a r   a r t i c l e   of  t h e   i n v e n t i o n  

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

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

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

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

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

f e r r o v a n a d i u m   p a r t i c u l a t e   m a t e r i a l .  

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

i n v e n t i o n   we  p r o v i d e   a  m e t h o d   of  c a s t i n g   a  b o r o n   t r e a t e d  

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

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

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

p e r c e n t a g e s   by  w e i g h t   of  a l u m i n u m   in  t h e   form  of  a  n o n -  

p a r t i c u l a t e   e l o n g a t e   member   and  b o r o n   in  t he   form  o f  

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



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

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

a r t i c l e .  

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

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

a l u m i n u m   in  t h e   form  of  a  n o n - p a r t i c u l a t e   e l o n g a t e   member  a n d  

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

by  w e i g h t  b e l o w   t he   s u r f a c e   of  t he   m o l t e n   s t e e l   in  t he   m o l d  

by  m e a n s   of  a  c o n t a i n i n g   c o n d u i t .  

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

may  s u c c e s s f u l l y   be  u s e d   to  make  b o r o n   t r e a t e d   s t e e l   i n  

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

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

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

a l u m i n u m   rod  in  a  p r o t e c t i v e   c o n d u i t   and  e f f e c t i n g   m e l t i n g  

t h e r e o f   a t   a  p r e s e l e c t e d   d e p t h   b e l o w   the   l e v e l   of  t h e  

m o l t e n   s t e e l   in  t he   m o l d .   I t s   s u c c e s s   has   been  d e t e r m i n e d  

by  a  s t u d y   of  b o r o n   f a c t o r s ,   p e r f o r m a n c e   c r i t e r i a ,   a n d  

c h e m i c a l   a n a l y s e s   of  t he   e l e m e n t s   of  a  p l u r a l i t y   of  h e a t -  

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

b a s e   t e s t s .  

A  p r e f e r r e d   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n  

is   d e s c r i b e d   b e l o w   by  way  of  e x a m p l e   and  w i t h   r e f e r e n c e   t o  

t h e   a c c o m p a n y i n g   d r a w i n g s   in  w h i c h : -  

F i g .   1  i s   a  d i a g r a m m a t i c ,   e l e v a t i o n a l   v i ew   o f  

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

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

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

in  t h e   m o l d ;  

F i g .   2  is   an  e n l a r g e d ,   f r a g m e n t a r y   and  d i a g r a m -  

m a t i c   e l e v a t i o n a l   v i ew  of  t he   u p p e r   p o r t i o n   of  t he   c a s t -  

ing   f a c i l i t y   of  F i g .   1  w i t h   a  p o r t i o n   i l l u s t r a t e d   i n  

s e c t i o n   to   b e t t e r   i l l u s t r a t e   d e t a i l s   of  t he   p r e s e n t  

i n v e n t i o n ;  

F i g .   3  is   an  e n l a r g e d ,   d i a g r a m m a t i c ,   c r o s s  

s e c t i o n a l   v i e w   of  t he   f i l l e d   t u b u l a r   a r t i c l e   i l l u s t r a t e d  

in  F i c s .   1  and  2 ;  

F i g .   4  is  a  g r a p h   s h o w i n g   the   r e l a t i o n s h i p  



b e t w e e n   a c t u a l   b o r o n   f a c t o r   an,d  c a r b o n   c o n t e n t ;   a n d  

F i g .   5  i s   a  t a b u l a r   l i s t i n g   of  s e v e n   e x p e r i -  

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

in  e a c h .  
R e f e r r i n g   to  F i g s .   1  and  2  a  r o t a r y   c o n t i n u o u s  

c a s t i n g   f a c i l i t y   10  i s   i l l u s t r a t e d   of  t h e   t y p e   u t i l i z e d  

by  t h e   M a c S t e e l   D i v i s i o n   of  Quanex   C o r p o r a t i o n   a n d  

l o c a t e d   in  J a c k s o n ,   M i c h i g a n .   Such   f a c i l i t y   p r o d u c e s  

c o n t i n u o u s   a s - c a s t   r o u n d   b a r s   by  u t i l i z i n g   a  l a r g e  

b o t t o m   p o u r   l a d l e   12  to  p o u r   a r g o n - g a s - s t i r r e d   m o l t e n  

s t e e l   13  i n t o   a  t u n d i s h   14.  L i q u i d   s t e e l   i s  t e e m e d  

from  t h e   t u n d i s h   v i a   a  b e n t   n o z z l e   16  h a v i n g   a  r e l a t i v e l y  

s m a l l   o u t l e t   o p e n i n g   a t   18,   f o r   e x a m p l e   a b o u t   16  mm 

( 5 / 8 " )   d i a . ,   and  i n t o   a  w a t e r   c o o l e d   mold   20  a t   a 

p r e c i s e   a n g l e   w i t h   r e s p e c t   to  a  c e n t r a l   v e r t i c a l   a x i s  

22.  The  g e n e r a l l y   c y l i n d r i c a l   mo ld   20  i s   of  c o p p e r   a n d  

has   a  p r e c i s e l y   c o n t o u r e d   or  t a p e r e d   i n t e r n a l   b o r e   24 

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

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

c o o l i n g .  

As  i s   d i a g r a m m a t i c a l l y   i n d i c a t e d   in  F i g .   2 ,  

t he   c o p p e r   mold  20  has  an  e n l a r g e d   a n n u l a r   h e a d   p o r t i o n  

or  t op   end  26  and  a  l o w e r   c y l i n d r i c a l   body  p o r t i o n   o r  

b o t t o m   end  28,  and  v e r t i c a l l y   s p a c e d   a p a r t   s e a l   m e a n s  

30  a r e   p r o v i d e d   b e t w e e n   t h e   mold  and  a  s u i t a b l e   s u p p o r t  

member   32  to  d e f i n e   a  c h a m b e r   34  t h r o u g h   w h i c h   l i q u i d  

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

no t   s h o w n ,   t h e   mold   20  i s   o s c i l l a t e d   a t   a  r a t e   of  a b o u t  

60  c y c l e s   p e r   m i n u t e   t h r o u g h   a  r a n g e   of  a b o u t   16  mm 

( 0 . 6 2 5 " )   in  t h e   d i r e c t i o n   of  t h e   v e r t i c a l   a x i s   22  o n  

w h i c h   i t   i s   c e n t e r e d ,   w h i l e   a t   t h e   same  t i m e   i t   i s  

r o t a t e d   a t   a  s p e e d   of  a b o u t   60  r e v o l u t i o n s   p e r   m i n u t e  

as  i s   s c h e m a t i c a l l y   shown  in  F i g .   1  by  t he   m o v e m e n t  

i n d i c a t i n g   a r r o w s   "A"  and  "B"  r e s p e c t i v e l y .   The  e m e r g i n g  



b a r   or  s t r a n d   d e p e n d s   f rom  the   mold  and  p a s s e s   t h r o u g h  

a  w a t e r   s p r a y   s y s t e m   35.  T h e r e a f t e r   the   bar   is   c u t   t o  

l e n g t h   by  a  c a r r i a g e   m o u n t e d   saw,  not   shown,   t h a t  

c l a m p s   to  t he   ba r   and  t r a v e l s   w i t h   i t   d u r i n g   the   c u t .  

In  a c t u a l i t y ,   the   c o n t i n u o u s   c a s t i n g   f a c i l i t y  

10  so  f a r   d e s c r i b e d   and  u s e d   d u r i n g   the  d e v e l o p m e n t   o f  

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

s i d e - b y - ' s i d e   m o l d s   20  and  a s s o c i a t e d   n o z z l e s   16  t o  

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

S i n c e   t h e   c o n s t r u c t i o n   and  o p e r a t i o n   of  each   s t r a n d   i s  

t h e   same,   a  d e s c r i p t i o n   of  one  can  s u f f i c e   for   t h e  

o t h e r   and  o n l y   one  u n i t   need   be  i l l u s t r a t e d   in  t h e  

d r a w i n g s .   The  s t r a i g h t   b a r   l e n g t h   or  o v e r a l l   h e i g h t  

"OH"  is  a b o u t   10  m  ( 3 3 ' ) ,   and  the   bar   d i a m e t e r   "D"  c a n  

be  v a r i e d   f rom,   fo r   e x a m p l e ,   a b o u t   100  to  180  mm  (4  t o  

7 " ) .  

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

t he   c a s t i n g   mold  20  i s   g e n e r a l l y   i n d i c a t e d   by  t h e  

r e f e r e n c e   n u m e r a l   36.  The  a d d i t i v e s   u t i l i z e d   in  t h e  

p r e s e n t   i n v e n t i o n   a re   in  t he   form  of  a  r e l a t i v e l y  

d u c t i l e   f i l l e d   t u b u l a r   a r t i c l e   or  t r e a t i n g   rod  38 

h a v i n g   a  l o w e r   or  d i s t a l   end  40.  The  f i l l e d   t u b u l a r  

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

t he   d r a w i n g s   by  a  w i r e   f e e d   m e c h a n i s m   42  which   u n r e e l s  

t h e   a r t i c l e   from  a  r o t a t a b l e   r e e l   44.  A  f eed   r a t e   o f  

a b o u t   64  m m / s e c .   (2  1  2" / sec . )   was  found  to  be  s a t i s f a c -  

t o r y   in  one  i n s t a n c e .   A  h o l l o w   t u b u l a r   g u i d e   member  46 

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

a l i g n e d   w i t h   a  p l a n e   t h r o u g h   the   c e n t r a l   a x i s   2 2 ;  

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

i n c l i n a t i o n   w i t h   r e s p e c t   to  t he   a x i s   so  t h a t   t he   d i s t a l  

end  40  of  t he   f i l l e d   t u b u l a r   a r t i c l e   is  be low  a  s u r f a c e  

48  of  t he   m o l t e n   s t e e l   13  in  t he   mold  20  by  a  p r e s e l e c t e d  

d i s t a n c e   "L"  as  i n d i c a t e d   in  F i g .   2  and  so  t h a t   t h e  

d i s t a l   end  is  a d j a c e n t   t he   c e n t r a l   a x i s   t h e r e a t .   F o r  



f u r t h e r   d e t a i l s   of  t h e   a p p a r a t u s   36  r e f e r e n c e   is   m a d e  

to  U.  S.  P a t e n t   No.  3 , 9 9 1 , 8 0 8   i s s u e d   N o v e m b e r   16,  1 9 6 7  

to  J.   R.  N i e m a n ,   e t   a l .  

T h u s ,   i t   can  be  a p p r e c i a t e d   t h a t   as  t h e  

m o l t e n   s t e e l   13  i s   a d d e d   to  t h e   mold   20  t h e   f i l l e d  

t u b u l a r   a r t i c l e   38  m e l t s   a t   i t s   d i s t a l   end  40  to  a d d  

p r e s e l e c t e d   m a t e r i a l s   b e l o w   t h e   s u r f a c e   48  s i m u l t a n e o u s l y  

w i t h   r e c i p r o c a t i o n   and  r o t a t i o n   of   t he   m o l d .   M o r e o v e r ,  

h e a t   i s   r e m o v e d   f rom  t h e   c o p p e r   mold   by  t h e   w a t e r   i n  

t h e   c h a m b e r   34,  and  p r o g r e s s i v e   s o l i d i f i c a t i o n   o c c u r s  

a t   t h e   p e r i p h e r y   of  t h e   t a p e r e d   b o r e   24  so  t h a t   a  

c y l i n d r i c a l   b a r   50  i s   c o n t i n u o u s l y   f o r m e d   a l o n g   t h e  

a x i s   22.  In  t h e   i n s t a n t   e x a m p l e   t he   r e t r a c t i o n   r a t e   o r  

f o r m a t i o n   r a t e   of  t he   b a r   is   a b o u t   2m/min .   ( 7 9 " / m i n . ) .  

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

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

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

t h e   d o w n w a r d   m o v e m e n t   of  t h e   b a r .   T h i s   p h e n o m e n o n   i s  

g r a p h i c a l l y   or  s c h e m a t i c a l l y   p o r t r a y e d   in  F i g .   2  by  t h e  

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

n a t e d   by  t h e   r e f e r e n c e   n u m e r a l   52.  At  a  d i s t a l   end  54 

of  t h e   d o w n w a r d l y   c o n v e r g i n g   l i n e s   52  t h e   l i q u i d   c e n t e r  

of  t h e   t r e a t e d   m o l t e n   m e t a l   has   s o l i d i f i e d .   For   e x a m p l e ,  

t h e   d i s t a l   end  54  is   t y p i c a l l y   r e a c h e d   a t   a  d i s t a n c e  

"H"  of  a b o u t   5 .5m  ( 1 8 ' )   f rom  t h e   t op   of  t h e   m o l d .  f o r   a  

b a r   d i a m e t e r   of  a b o u t   140mm  ( 5 . 5 " ) .  

W i t h   r e f e r e n c e   now  to  t h e   c r o s s   s e c t i o n a l  

v i e w   of  F i g .   3,  t h e   f i l l e d   t u b u l a r   a r t i c l e   38  can  b e  

s e e n   to  i n c l u d e   an  e l o n g a t e   m e t a l   c o n d u i t   56,  an  e l o n g a t e ,  

n o n - p a r t i c u l a t e   member  58  l o c a t e d   w i t h i n   t he   c o n d u i t ,  

and  a  p r e s e l e c t e d   p a r t i c u l a t e   m a s t e r   c o m p o s i t i o n   60  

c o m p a c t l y   c o n t a i n e d   w i t h i n   t h e   c o n d u i t .   S p e c i f i c a l l y ,  

t h e   m a s t e r   c o m p o s i t i o n   60  i n c l u d e s   f e r r o b o r o n ,   t he   n o n -  

p a r t i c u l a t e   member   58  i s   p r i m a r i l y   of  a l u m i n u m   m a t e r i a l ,  

and  t h e   c o n d u i t   56  i s   of  p r e f e r a b l y   a  f e r r o u s   m a t e r i a l  



f o r   f o r m a b i l i t y .   For  e x a m p l e ,   t he   c o n d u i t   56  can  h a v e  

t he   f o l l o w i n g   c o m p o s i t i o n   in  p e r c e n t a g e   by  w e i g h t :  

It  has  been  determined  tha t   the  master   compos i t i on  

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

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

m a t e r i a l s   i n t e r m i x e d   w i t h   a  p r e s e l e c t e d   w e i g h t   p e r c e n t -  

age  of  f e r r o b o r o n   p a r t i c u l a t e   m a t e r i a l .   It   has  been  found 

i t   d e s i r a b l e   to  c o m p a c t   t he   m a s t e r   c o m p o s i t i o n   60 

w i t h i n   t he   c o n d u i t   56  to  a  r e l a t i v e l y   d e n s e   s t a t e   i n  

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

c o n d u i t .   For  e x a m p l e ,   t he   p r e f e r r e d   d e n s i t y   of  t h e  

c o r e   is   e q u i v a l e n t   to  a  d e g r e e   of  c o m p a c t i o n   in  e x c e s s  

of  10%  above   the   t a p p e d   d e n s i t y   t h e r e o f .   The  t e r m  

" t a p p e d   d e n s i t y "   as  used   h e r e i n ,   r e f e r s   to  the   known 

p r o c e d u r e   d e s c r i b e d   in  "HANDBOOK  OF  METAL  POWDERS" -  

P o s t e r ,   R e i n h o l d   P u b l i s h i n g   C o . ,   New  Y o r k ,   New  Y o r k ,  

1966 ,   page   5 7 .  

More  p a r t i c u l a r l y ,   i t   has  been  found  that   boron  t r e a t e d  

s t e e l   can  be  made  e s p e c i a l l y   advan tageous ly   by  p r o g r e s s i v e l y   i n s e r t i n g  

a  f i l l e d   t u b u l a r   a r t i c l e   38  c o n s i s t i n g   e s s e n t i a l l y   o f  

t he   f o l l o w i n g   e l e m e n t s   in  the   p r o p o r t i o n s   i n d i c a t e d  

i n t o   and  b e l o w   t he   s u r f a c e   of  m o l t e n   m e t a l   in  the  m o l d :  



It   may  be  n o t e d t h a t   t h e   f e r r o u s   m e t a l   p o r t i o n s  

of  t h e   p r o t e c t i n g   c o n d u i t   56  and  t he   s e l e c t e d   t h r e e  

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

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

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

R a t h e r   t h i s   c o m p a t i b i l i t y   f a c t o r   can  be  u t i l i z e d   w i t h  

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

v a n a d i u m   a r e   a v a i l a b l e   in  t h e   m a r k e t p l a c e   a t   e c o n o m i c a l  

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

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

A n o t h e r   way  to  s t a t e   t he   p r e f e r r e d   m a t e r i a l  

r e l a t i o n s h i p   i s   to  d e s i g n a t e   t h e   r a t i o   of  t h e   f o u r   e l e -  

m e n t s   as  a b o u t   9 : 1 : 2 8 : 2 4   w h i c h   r e f l e c t s   t h e   w e i g h t  

a n a l y s i s   r a t i o   of  a l u m i n u m ,   b o r o n ,   t i t a n i u m   and  v a n a d i u m  

in  t h e   f i l l e d   t u b u l a r   a r t i c l e   3 8 .  

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

of  t h e   n o v e l   f i l l e d   t u b u l a r   a r t i c l e   38,  low  c o s t   a l u m i n u m  

s e r v e s   as  an  e f f e c t i v e   d e o x i d i z e r   and  d e n i t r i d e r   a n d  

i m p a r t s   t h e   d e s i r e d   d e g r e e   of  g r a i n   r e f i n e m e n t   in  t h e  

c a s t   a r t i c l e   by  r e m o v i n g   d i s s o l v e d   g a s e s   f rom  t h e   m e l t .  

Above  a  l e v e l   of  a b o u t   0 . 0 7 0   Wt.%  t h e   d u c t i l i t y   of  t h e  

c a s t   a r t i c l e   can  be  e x p e c t e d   to  be  a d v e r s e l y   a f f e c t e d  

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

Be low  a  l e v e l   of  a b o u t   0 . 0 1 5   Wt.%  t h e   a m o u n t w o u l d   p robably   be  

i n e f f e c t i v e   as  a  g r a i n   r e f i n e r .   I t   should  be  p r e s e n t   i n  

a  n o n - p a r t i c u l a t e   or  n o n - p o w d e r   form  f o r  t h e   r e a s o n  



t h a t   i f   a l u m i n u m   were   p r e s e n t   in  the   form  of  r e l a t i v e l y  

s m a l l   p a r t i c l e s   an  e x c e s s i v e   amount   of  e x t e r n a l   s u r f a c e  

a r e a   wou ld   be  p r o v i d e d ;   such  l a r g e r   s u r f a c e   a r e a   w o u l d  

at   l e a s t   p a r t l y   o x i d i z e   even  w i t h i n   t he   c o n f i n e s   of  t h e  

c o n d u i t   56,  f o r   e x a m p l e ,   and  r e s u l t   in  a  m a r k e d   d e c r e a s e  

in  e f f e c t i v e n e s s   of  the   a l u m i n u m   a d d i t i v e .   W h i l e   it   i s  

p r e f e r r e d   t h a t  t h e  a l u m i n u m   member  58  be  p r e s e n t   as  a  

c y l i n d r i c a l   rod  c e n t r a l l y   l o c a t e d   w i t h i n   t he   c o n d u i t  

5 6 ,  i t   a lso   is  contempla ted   t h a t   i t   c o u l d   be  f o r m e d   as  a  

c o a t i n g   on  t h e   i n s i d e   s u r f a c e   of  t he   c o n d u i t .   H o w e v e r ,  

i f   t h e   c o n d u i t   i t s e l f   were   made  of  a l u m i n u m   s u c h  

c o n s t r u c t i o n   wou ld   be  u n s a t i s f a c t o r y   b e c a u s e   t he   l a r g e r  

s u r f a c e   a r e a   t h e r e o f   wou ld   be  e x p o s e d   to  the   a t m o s p h e r e  

and  i t   wou ld   m e l t   too  f a s t   so  t h a t   t he   a l u m i n u m   a n d  

m a s t e r   c o m p o s i t i o n   60  wou ld   be  p r e m a t u r e l y   e x p o s e d   t o  

a t m o s p h e r i c   c o n t a m i n a t i o n .   The  a l u m i n u m   t h a t   was  u sed  

was  o v e r   99%  p u r e   s i n c e   i t   is   c o m m e r c i a l l y   a v a i l a b l e   i n  

t h a t   f o r m .  

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

d e s i r e d   d e g r e e   of  h a r d e n a b i l i t y   to  the   s t e e l   a r t i c l e  

w h i l e   r e p l a c i n g   an  a p p r e c i a b l e   p e r c e n t a g e   of  m o r e  

e x p e n s i v e   a l l o y i n g   i n g r e d i e n t s .   Above  a  b o r o n   l e v e l   o f  

a b o u t   0 . 0 0 4 6 2   Wt.%  an  u n d e s i r a b l e   s e c o n d a r y   r e a c t i o n  

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

t e n d   to  e m b r i t t l e   t he   a r t i c l e .   Below  a  l e v e l   of  a b o u t  

0 . 0 0 0 8   Wt.%  t h e r e   is   i n s u f f i c i e n t   b o r o n   a v a i l a b l e   t o  

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

the   a r t i c l e .   The  f e r r o b o r o n   p a r t i c u l a t e   m a t e r i a l   t h a t  w a s  

used   h a d ' 1 7   1/2  Wt.%  b o r o n .  

The  p r e f e r r e d   a d d i t i o n   of  f e r r o t i t a n i u m  

s e r v e s   as  a  p o w e r f u l   d e o x i d i z e r   and  d e n i t r i d e r .   Above  a 

t i t a n i u m   l e v e l   of  a b o u t   0 . 150   Wt.%  t h e r e   is  so  m u c h  

t i t a n i u m   t h a t   some  would   be  a v a i l a b l e   to  l i n k   up  w i t h  

the   c a r b o n   and  d e t r i m e n t a l l y   a f f e c t   t he   h e a t   t r e a t m e n t  

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

T h i s   is  so  b e c a u s e   t i t a n i u m   is  an  e x c e p t i o n a l l y   s t r o n g  



c a r b i d e   f o r m e r .   F u r t h e r m o r e ,   t h e   f o r m a t i o n   of  s t a b l e  

i n c l u s i o n s   can  o c c u r   t h a t   w o u l d   a d v e r s e l y   a f f e c t   m a r h i n -  

a b i l i t y .   Be low  a  t i t a n i u m   l e v e l   of  a b o u t   0 . 0 3 8   Wt .% 

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

m i n i m i z e d   s i n c e   t he   b o r o n   w o u l d   t e n d   to  l i n k   w i t h   t h e  

a v a i l a b l e   o x y g e n   and  n i t r o g e n   in   p l a c e   of  t i t a n i u m .  

The  f e r r o t i t a n i u m   p a r t i c u l a t e   m a t e r i a l   t h a t w a s   used  h a d  

70  Wt.%  t i t a n i u m .  

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

s e r v e s   as  a  s o m e w h a t   w e a k e r   d e o x i d i z e r ,   a  s t a b i l i z e r ,   a  

h a r d e n a b i l i t y   a g e n t ,   a  g r a i n   r e f i n e r   and  a  means   o f  

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

Above  a  l e v e l   of  a b o u t   0 . 1 4 7   Wt.%  v a n a d i u m   t h e r e   w o u l d  

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

l o s s   of  h a r d e n a b i l i t y .   Be low  a  l e v e l   of  a b o u t   0 . 0 2 2  

Wt.%  t h e r e   w o u l d   n o t   be  t h e   d e g r e e   of  s y s t e m   s t a b i l i t y  

d e s i r e d ;   in  o t h e r   w o r d s ,   t h e r e   wou ld   be  an  e x c e s s i v e l y  

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

of  t h e   f i n a l   p r o d u c t   a r t i c l e .   M o r e o v e r ,   t h e r e   w o u l d   b e  

an  u n d e s i r a b l e   l o s s   in  s t r e n g t h   i f   t he   l e v e l   i s   b e l o w  

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

m a t e r i a l   t h a - t w a s   used  had  54  Wt. %  v a n a d i u m .  

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

50%  of  t h e   t o t a l   w e i g h t   of  t h e   m a s t e r   c o m p o s i t i o n   60  i s  

f e r r o v a n a d i u m ,   a b o u t   43  1/2%  i s   f e r r o t i t a n i u m ,   a n d  

a b o u t   6  1/2%  is   f e r r o b o r o n .  

I n i t i a l l y ,   e x p e r i m e n t a l   t e s t s   w e r e   c o n d u c t e d  

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

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

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

c a s t i n g   mold   s u b s t a n t i a l l y   as  s e t   f o r t h   in  U.  S.  P a t e n t  

No.  3 , 9 9 1 , 8 0 8   m e n t i o n e d   p r e v i o u s l y .   One  of  t h e   o b j e c t s  

of  t h e   t e s t i n g   was  to  t r y   to  o b t a i n   a  s a t i s f a c t o r y  

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



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

a n a l y s i s   of  the   f i n a l   c a s t i n g s .  

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

r e f c r e n c e   is  made  to  t he   p i o n e e r i n g   work  of  Marcus   A. 

G r o s s m a n ,   such   as  h i s   AIME  P a p e r   of  F e b r u a r y ,   1942  on  

H a r d e n a b i l i t y   C a l c u l a t i o n s   f rom  C h e m i c a l . C o m p o s i t i o n s ,  

and  to  ASTM  S p e c i f i c a t i o n   A255  r e l a t i n g   to  a  s t a n d a r d  

m e t h o d   of  E n d - Q u e n c h   T e s t   f o r   h a r d e n a b i l i t y   of  s t e e l .  

The  a c t u a l   b o r o n   f a c t o r   is   g e n e r a l l y   d e f i n e d   as  t h e  

a c t u a l   D . I .   in  i n c h e s   c a l c u l a t e d   from  J o m i n y   d i v i d e d   b y  

D.  I.   in  i n c h e s   c a l c u l a t e d   f rom  the   c h e m i s t r y   ( w i t h o u t  

b o r o n ) .   When  s t e e l   is   p r o p e r l y   made,   the   b o r o n   f a c t o r ,  

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

i n v e r s e   f u n c t i o n   of  t he   c a r b o n   c o n t e n t .   The  h i g h e r   t h e  

a m o u n t   of  c a r b o n ,   t he   l o w e r   t he   b o r o n   f a c t o r   and  t h e  

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

T h i s   is   o b s e r v a b l e   by  r e f e r e n c e   to  the   c h a r t   i d e n t i f i e d  

as  F i g .   4,  w h e r e i n   t he   a c t u a l   b o r o n   f a c t o r   is  p l o t t e d  

in  t he   v e r t i c a l   d i r e c t i o n   of  the   o r d i n a t e   and  t h e  

c a r b o n   c o n t e n t   of  the   s t e e l   i s   p l o t t e d   in  the   h o r i z o n t a l  

d i r e c t i o n   of  the   a b s c i s s a .   A  t a r g e t   v a l u e   or  n o r m a l  

e x p e c t a n c y   v a l u e   is   r e p r e s e n t e d   in  F i g .   4  by  the   s u b s t a n -  

t i a l l y   s t r a i g h t   s h a d e d   band  or  r e g i o n   i d e n t i f i e d   by  t h e  

r e f e r e n c e   l e t t e r   A.  The  f u r t h e r   the   a c t u a l   b o r o n  

f a c t o r   is   be low  the   t a r g e t   v a l u e   in  t he   band  w h e n  

v i e w i n g   the   c h a r t ,   the   more  u n d e s i r a b l e   i t   i s .  

I n i t i a l l y ,   s t e e l s   h a v i n g   a  c h e m i s t r y   s i m i l a r  

to  10B30  Mod.,   41B30,   and  10B30  Mod.  w i t h   h i g h   s i l i c o n  

( 0 . 5  -   0 .63   Wt.%)  were   e x p e r i m e n t a l l y   p o u r e d .   I t   w a s  

f o u n d   t h a t   t h e r e   was  no  a p p a r e n t   c o r r e l a t i o n   b e t w e e n  

t he   b o r o n   f a c t o r   and  the   m i c r o - a l l o y i n g   c o n t e n t ,   s i n c e  

t he   0 . 2 5 - 0 . 4 0   Wt.%  Cr  and  0 . 0 8 - 0 . 1 5   Wt.%  Mo  in  t h e  

4 lB30  a l l o y   s t e e l   d i d  n o t   i n f l u e n c e   the  b o r o n   f a c t o r .  

F u r n a c e   or  l a d l e   a d d i t i o n s   of  a l u m i n u m ,   w i t h   and  w i t h o u t  

a d d i t i o n s   of  f e r r o t i t a n i u m   and  s i l i c o n   z i r c o n i u m ,   w e r e  



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

t u b u l a r   a r t i c l e s   or  r o d s   we re   i n s e r t e d   i n t o   the   c a s t i n g  

c a v i t y   a t   t h e   t i m e   of  p o u r i n g .   For  e x a m p l e ,   some  r o d s  

c o n t a i n e d   p a r t i c u l a t e   f e r r o t i t a n i u m   a n d / o r   s i l i c o n  

z i r c o n i u m   a l o n g   w i t h   p a r t i c u l a t e   f e r r o b o r o n .   T h e  

a c t u a l   b o r o n   f a c t o r s   o b t a i n e d   v a r i e d   f rom  l e s s   t h a n   1 . 0  

to   2 . 0 7   and  f l u c t u a t e d   t oo   w i d e l y   as  m a y ' b e   n o t e d   b y  

r e f e r e n c e   to  t he   zone  d e s i g n a t e d   by  t h e   r e f e r e n c e  

l e t t e r   "B"  in  F i g .   4.  From  t h i s   and  t he   c h e m i c a l  

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

r e a c h e d   t h a t   f u r n a c e   and  l a d l e   a d d i t i o n s   were   e r r a t i c  

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

t h e   rod   w e r e   h i g h l y   d e s i r a b l e .   F u r t h e r m o r e ,   w h i l e  

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

d e g r e e   of  s u c c e s s   on  h a r d e n a b i l i t y ,   t he   c o s t   t h e r e o f  

was  e x c e s s i v e   f o r   t h e   e f f e c t i v e n e s s   o b t a i n e d .   I t   w a s  

a l s o   l e a r n e d   t h a t   b o r o n   f a c t o r s   d i d   no t   a p p e a r   t o  

r e l a t e   to  b o r o n   c o n t e n t .  

Wi th   t h i s   b a c k g r o u n d ,   f u r t h e r   e x p e r i m e n t a l  

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

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

w e r e   d e s i g n a t e d   as  Nos.   1-4  in  t h e   c h a r t   i d e n t i f i e d   a s  

F i g .   5,  and  d i f f e r e n t   q u a n t i t i e s   t h e r e o f   were   m e l t e d   b y  

t h e   f o l l o w i n g   10B38  c a r b o n   s t e e l   c o m p o s i t i o n   in  p e r c e n t -  

age   by  w e i g h t   as  i t   was  p o u r e d   a t   a  p r e s e l e c t e d   p o u r  

t e m p e r a t u r e   i n t o   t he   c a s t i n g   c a v i t y   a t   an  a v e r a g e   p o u r  

r a t e   of   a b o u t   11 .3   k g / s e c   (25  l b s / s e c . ) :  



I d e n t i c a l   q e n e r a l l y   c y l i n d r i c a l   i n g o t s   were   p r o d u c e d   a n d  

t e s t e d   for   c h e m i s t r y ,   o x y g e n   and  n i t r o g e n   l e v e l s ,  

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

a c t u a l   b o r o n   f a c t o r s   were   o b t a i n e d   fo r   each   i n g o t   h e a t .  

The  s t e e l   h e a t s   a s s o c i a t e d   w i t h   rod  Nos.  1 

and  3  were   p r e p a r e d   by  l a d l e   a d d i t i o n s   of  a  p r e s e l e c t e d  

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

w i t h   c o n v e n t i o n a l   p r a c t i c e s ,   w h i l e   t h e r e   was  no  a l u m i n u m  

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

of  rod  Nos.   2  and  4.  R a t h e r ,   in  a c c o r d a n c e   w i t h   o n e  

a s p e c t   o f  t h e   i n v e n t i o n ,   the   a l u m i n u m   w i r e   58  was  i n c o r -  

p o r a t e d   w i t h i n   t he   f e r r o u s   m e t a l   c o n d u i t   56  of  rod  N o s .  

2  and  4  and  s u r r o u n d e d   by  the   p a r t i c u l a t e   m a s t e r   c o m p o s i -  

t i o n   60  i n c l u d i n g   p r e s e l e c t e d   p r o p o r t i o n s   of  f e r r o t i -  

t a n i u m   a n d  f e r r o b o r o n   as  i n d i c a t e d   by  F i g .   5.  The  t o t a l  

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

t he   v a r i o u s   h e a t s   a s s o c i a t e d   w i t h   rod  Nos.   1  and  2  w a s  

m a i n t a i n e d   the   same,   as  was  t he   a l u m i n u m   a d d i t i o n   i n  

the   h e a t s   of  rod  Nos.  3  and  4.  For  c o n t i n u i t y   t h e  

t o t a l   w e i g h t   p e r c e n t a g e   of  t he   b o r o n   a d d i t i o n   was  k e p t  

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

t e s t s .  

The  r e s u l t s   of  the   t e s t s   of  rod  Nos.   1  -   4 

were   e n l i g h t e n i n g .   P a r t i c u l a r l y ,   i t   was  n o t e d   t h a t   t h e  

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

w i t h   rod   Nos.   2  and  4  g e n e r a l l y   d o u b l e d   in  c o m p a r i s o n  

w i t h   t he   i n g o t s   a s s o c i a t e d   w i t h   rod  Nos.  1  and  3 ,  

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

e x h i b i t e d . '   S i n c e   the   a v e r a g e   b o r o n   f a c t o r   d r o p p e d   f r o m  

a b o u t   1 .8  to  a b o u t   1 .60   in  c o m p a r a b l e   h e a t s   of  rod  N o s .  

1  and  2,  and  the   a v e r a g e   b o r o n   f a c t o r   d r o p p e d   f r o m  

a b o u t   1 .93   to  a b o u t   1.61  in  c o m p a r a b l e   h e a t s   of  r o d  

N o s .   and  4,  t h e r e   was  c a u s e   to  b e l i e v e   t h a t   t h i s   w a s  

due  at  l e a s t   in  p a r t   to  the   p r e s e n c e   of  e x c e s s i v e  

a m o u n t s   of  a l u m i n u m   and  t h a t   the   amount   of  a l u m i n u m   a n d  



t i t a n i u m   n e e d e d   w i t h i n   t he   rod  c o u l d   be  r e d u c e d   s u b s t a n -  

t i a l l y   and  s t i l l   r e t a i n   t h e   d e s i r e d   l e v e l   of  h a r d e n -  

a b i l i t y .   The  e x t r a   t i t a n i u m   in  t h e   h e a t s   of  rod  No.  3 

when   c o m p a r e d   w i t h   t h e   h e a t s   of  No.  1  c a u s e d   a  h i g h e r  

b o r o n   f a c t o r ,   b u t   n o t   a  s u f f i c i e n t   i n c r e a s e   to  j u s t i f y   t h e  

a d d e d   e x p e n s e .   M o r e o v e r ,   t h e   a m o u n t   of  r e t a i n e d   t i t a n i u m  

in  some  of  t he   i n g o t s   was  n o t e d   to   be  h i g h e r   t h a n  

d e s i r e d ,  f o r   e x a m p l e   a b o v e   a b o u t   0 . 10   W t . % .  

S e v e r a l   h e a t s   u s i n g   rod   N o .  5   w e r e   t h e r e a f t e r  

run   to   t a k e   i n t o   a c c o u n t   t h e   a b o v e   m e n t i o n e d   f a c t o r s .  

Rod  No.  5  d i f f e r e d   f rom  t h e   f i r s t   f o u r   r o d s   by  c o n t a i n i n g  

a  p r e s e l e c t e d   q u a n t i t y   of  f e r r o v a n a d i u m .   B o r o n   f a c t o r s  

in  t h e   n e i g h b o r h o o d   of  1 . 9 0   we re   n o t e d   i n d i c a t i n g   a  

d e f i n i t e   s u c c e s s   w i t h   t h a t   rod   as  a  r e s u l t   of  t h e  

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

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

p r o p o r t i o n   o f  t h e   a d d i t i v e   e l e m e n t s   was  r e t a i n e d   a n d  

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

t h e r e f o r e  t o o   r i c h .  

Rod  No.  6  w a s   p r o v i d e d   to  r e d u c e   t h e   a m o u n t  

of  a l u m i n u m   and  t i t a n i u m   s u b s t a n t i a l l y ,   w h i l e   k e e p i n g  

t h e   a m o u n t   of  b o r o n   c o n s t a n t .   Upon  e x a m i n i n g   t h e  

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

b o r o n   f a c t o r s   of  a b o u t   1 . 9 0   we re   o b s e r v e d .   T h u s ,  

u n e x p e c t e d l y   good  r e s u l t s   we re   o b t a i n e d   w i t h   l e s s  

a d d i t i v e   m a t e r i a l ,   and  t h i s   t i m e   t h e   c h e m i c a l   a n a l y s i s  

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

a d d i t i v e s   p r e s e n t .   T h i s   was  t he   b e s t   rod   of  t h e   s e v e n  

l i s t e d   in  F i g .   5 .  

A n o t h e r   r o d ,   rod   N o .  7   was  e v a l u a t e d ,   and  i s  

r e p o r t e d   h e r e   to  show  tha t   while  columbium  (o the rwise   known  a s n i o b i u m )  

is   in  t he   same  g e n e r a l   f a m i l y   as  v a n a d i u m ,   t h e   d i r e c t  

s u b s t i t u t i o n   t h e r e o f   f o r   v a n a d i u m   is  no t   p r o d u c t i v e  

i n s o f a r   as  h a r d e n a b i l i t y   i s   c o n c e r n e d .   S p e c i f i c a l l y ,  

t h e   b o r o n   f a c t o r   d r o p p e d   so  much  t h a t   such   s u b s t i t u t i o n  

was  i n d i c a t e d   to  he  e n t i r e l y   u n s a t i s f a c t o r y .  



The  e x p e r i e n c e   g a i n e d   by  a n a l y z i n g   the   i n g o t  

c a s t i n g s   made  by  u s i n g   rod  Nos.   1-7  as  d i s c u s s e d   i m m e -  

d i a t e l y   above   p e r m i t t e d   more  e x t e n s i v e   t e s t i n g   to  b e  

c o n d u c t e d   w i t h   a  r e a s o n a b l e   p r o m i s e   of  s u c c e s s .   A c c o r d -  

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

minimum  of  a d d i t i v e   m a t e r i a l   and  h a v i n g   a  r e a s o n a b l y  

h i g h   b o r o n   f a c t o r   had  n e v e r   been   a d v a n c e d   to  t he   d e s i r e d  

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

e x p e r i m e n t a l   t e s t s   were   c o n d u c t e d   u s i n g   p l a i n   or  l o w  

c a r b o n   s t e e l ,   medium  c a r b o n   s t e e l   and  medium  c a r b o n  

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

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

r e f e r e n c e   to  F i g s .   1  and  2 .  

S p e c i f i c a l l y ,   t he   f i l l e d   t u b u l a r   a r t i c l e   38 

h a v i n g   t h e   p r e f e r r e d   No.  6  r o d   c o n s t r u c t i o n   (28  p a r t s  

t i t a n i u m ;   1  p a r t   b o r o n ;   9  p a r t s   a l u m i n u m ;   and  24  p a r t s  

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

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

p e r c e n t a g e   by  w e i g h t :  

The  f i l l e d   t u b u l a r   a r t i c l e   38  was  i n s e r t e d   i n t o   t h e  

mold  20  as  i n d i c a t e d   in  F i g .   2  at  the   r a t e   of  a b o u t   64 

m m / s e c .   ( 2 ½  /  s e c . ) ,   w h i l e   t he   s t e e l   at  a b o u t   1 5 3 0 ° C  

( 2 7 9 0 ° F )   was  p o u r e d   i n t o   the   mold  at  a  r a t e   of  a b o u t  

4 .60   k g / s e c .   ( 1 0 . 1 1   l b s . / s e c . ) .   The  f i l l e d   t u b u l a r  

a r t i c l e   a t   a l m o s t   8  mm  d i a .   ( 5 / 1 6 "   d i a . )   e x h i b i t e d   a 

d i s s o l u t i o n   d e p t h   "L"  of  a b o u t   400  mm  ( 1 6 " ) .   T h i s  

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

0 . 0 2 0   Wt. %  Al,  0 . 0 0 2 3   Wt. %  B ,  0 . 0 6 3   Wt.%  Ti  and  0 . 0 5 5  

Wt. %  V,  r e f l e c t e d   as  a  p e r c e n t a g e   of  the   n o l t e n   m e t a l  

a  l d i t i o n   tn  the  mold .   Th i s   e n a b l e d   w i t h d r a w a l   of  t h e  



c y l i n d r i c a l   b a r   50  a t   a  d i a m e t e r   of  a b o u t   150  mm  ( 5 . 8 7 5 " )  

a t   a  r a t e   of  a b o u t   2 m / m i n .   ( 7 9 " / m i n . ) .   The  r e s u l t   w a s  

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

a c t u a l   b o r o n   f a c t o r   o f  2 . 4 3 ,   as  i n d i c a t e d   by  t he   l e t t e r  

"C"  on  t h e   g r a p h   of  F i g .   4.  T h i s   was  a c h i e v e d   w i t h  

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

in  t h e   a r t i c l e .   For   e x a m p l e ,   0 . 0 2 7   Wt.%  A1,  0 . 0 0 1 1  

Wt.%  B,  0 .04   Wt.%  T i ,   and  0 . 0 4 0   Wt.%  V  were   n o t e d   i n .  

t h e   b a r .  

S e c o n d l y ,   t h e   same  f i l l e d   t u b u l a r   a r t i c l e   38 

was  i n s e r t e d   a t   a p p r o x i m a t e l y   t h e   same  r a t e   i n t o   a  

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

of  p r i m a r y   i n t e r e s t   in  p e r c e n t a g e   by  w e i g h t :  

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

a d d i t i o n   was  a l s o   a b o u t   0 . 0 2 0   Wt.%  Al,   0 . 0 0 2 3   Wt. %  B,  0 . 0 6 3  

Wt.%  Ti ,   and  0 . 0 5 5   Wt.%  V,  and  p r o v i d e d   an  a r t i c l e   h a v i n g   a  

b o r o n   f a c t o r   of  2 . 0 3   as  i n d i c a t e d   by  t h e   l e t t e r   "D"  on  t h e  

g r a p h   of  F i g .   4.  T h i s   was  a c h i e v e d   a t   a  f i n a l   c h e m i s t r y  

r e t e n t i o n   l e v e l   of  a b o u t   0 . 0 3   Wt.%  Al ,   . 0020   Wt. %  B,  0 . 0 7  

Wt.%  Ti  and  0 .06   Wt.%  V .  

In  t h e   t h i r d   i n s t a n c e ,   t h e   same  f i l l e d   t u b u l a r  

a r t i c l e   3 8 ' w a s   i n s e r t e d   i n t o   a  medium  c a r b o n   a l l o y  

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

i n t e r e s t   in  p e r c e n t a g e   by  w e i g h t :  



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

a d d i t i o n   was  r e d u c e d   to  a b o u t   0 . 0 1 5   Wt.%  A1,  0 . 0 0 1 6  

Wt. %  B,  0 . 0 4 5   Wt. %  Ti ,   and  0 . 0 4 0   Wt. %  V  as  r e f l e c t e d   a s  

a  p o r t i o n   of  t he   m o l t e n   m e t a l   a d d i t i o n   to  t h e   m o l d .  

The  l e a n e r   m i x t u r e   p r o v i d e d   an  e x c e l l e n t   a c t u a l   b o r o n  

f a c t o r   of  2 .16   as  i n d i c a t e d   by  the   l e t t e r   "E"  on  t h e  

g r a p h   of  F i g .   4  a t   a  f i n a l   c h e m i s t r y   r e t e n t i o n   l e v e l   o f  

a b o u t   0 . 02   Wt. %  Al,   0 . 0 0 1 2   Wt.%  B,  0 .03   Wt. %  Ti ,   a n d  

0 . 0 3 5   Wt. %  V. 

Hence ,   i t   can  be  a p p r e c i a t e d   t h a t   t he   f i l l e d  

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

s t e e l   in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   i s  

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

by  p r o v i d i n g   s u b s t a n t i a l l y   t he   l o w e s t   p r a c t i c a l   l e v e l s  

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

and  c o n t a m i n a t i o n   of  t he   m e l t ,   and  by  p r o v i d i n g   a 

m a n u f a c t u r e d   a r t i c l e   w i t h   r e l a t i v e l y   low  c h e m i s t r y  

w e i g h t   p e r c e n t a g e   l e v e l s   of  t he   a d d i t i v e   e l e m e n t s .   T h e  

a r t i c l e s   t h u s   p r o d u c e d   have  e x h i b i t e d   an  e x t r e m e l y  

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

minimum  of  n o n m e t a l l i c   i n c l u s i o n s   t h a t   a r e   o f t e n   c h a r a c -  

t e r i z e d   as  " d i r t " .   T h i s   is  i n d i c a t i v e   t h a t   t he   r e c o v e r y  

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



1.  A  f i l l e d   t u b u l a r   a r t i c l e   (38)  f o r   c o n t r o l l e d  

d i s s o l u t i o n   in  a  m o l t e n   m e t a l   (13)  f o r   m a k i n g   b o r o n  

t r e a t e d   s t e e l ,   c o m p r i s i n g : -  

an  e l o n g a t e   c o n d u i t   (56)  of  f e r r o u s   m a t e r i a l ;  

a n  e l o n g a t e ,   n o n - p a r t i c u l a t e   member   (58)  l o c a t e d  

w i t h i n   t h e   c o n d u i t   ( 5 6 ) ,   t h e   member   (58)  b e i n g   p r i m a r i l y  

of  a l u m i n u m   m a t e r i a l ;   a n d  

a  p r e s e l e c t e d   p a r t i c u l a t e   m a s t e r   c o m p o s i t i o n   ( 6 0 )  

i n c l u d i n g   p a r t i c l e s   b e i n g   made  of  a  m a t e r i a l   c o n t a i n i n g  

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

2.  A  f i l l e d   t u b u l a r   a r t i c l e   (38)  as  c l a i m e d   i n  

c l a i m   1  w h e r e i n   t h e   s a i d   m a s t e r   c o m p o s i t i o n   (60)  c o m p r i s e s  
f e r r o b o r o n   p a r t i c u l a t e   m a t e r i a l .  

3.  A  f i l l e d   t u b u l a r   a r t i c l e   (38)  as  c l a i m e d   in  e i t h e r  

of  c l a i m s   1  and  2  w h e r e i n   t h e   n o n - p a r t i c u l a t e   member   (58)  i s  

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

of  t h e   c o n d u i t   ( 5 6 ) .  

4.  A  f i l l e d   t u b u l a r   a r t i c l e   (38)  as  c l a i m e d   in  e i t h e r  

of  c l a i m s   1  and  2  w h e r e i n   t h e   n o n - p a r t i c u l a t e   member   ( 5 8 )  

is   an  e l o n g a t e   rod   l o c a t e d   g e n e r a l l y   c e n t r a l l y   w i t h i n   t h e  

c o n d u i t   ( 5 6 ) .  

5.  A  f i l l e d   t u b u l a r   a r t i c l e   (38)  as  c l a i m e d   in  any  o f  

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

(60)  i n c l u d e s   f e r r o t i t a n i u m   a n d / o r   f e r r o v a n a d i u m   p a r t i c u l a t e  

m a t e r i a l .  

6.  A  f i l l e d   t u b u l a r   a r t i c l e   (38)  a s  c l a i m e d   in  any  o f  

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

c o n d i t i o n s   i s   s a t i s f i e d :  

(a)  t h e   c h e m i c a l   e l e m e n t s   a l u m i n u m   and  b o r o n   a r e  

p r e s e n t   t h e r e i n   in  a  w e i g h t   r a t i o   of  a b o u t   9:1  r e s p e c t i v e l y ;  

(b)  t h e   c h e m i c a l   e l e m e n t s   a l u m i n u m ,   b o r o n   a n d  

t i t a n i u m   a r e   p r e s e n t   t h e r e i n   in  a  w e i g h t   r a t i o   of  a b o u t  

9 : 1 : 2 8   r e s p e c t i v e l y ;   a n d  

(c)  t h e   c h e m i c a l   e l e m e n t s   a l u m i n u m ,   b o r o n ,  

t i t a n i u m   and  v a n a d i u m   a r e   p r e s e n t   t h e r e i n   in  a  w e i a h t  



r a t i o   of  a b o u t   9 : 1 : 2 8 : 2 4   r e s p e c t i v e l y .  

7.  A  f i l l e d   t u b u l a r   a r t i c l e   (38)  as  c l a i m e d   in  any  o n e  

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

c o m p o s i t i o n   (60)  c o m p r i s e s   a  f i r s t   p l u r a l i t y   of  p a r t i c l e s  

b e i n g   made  of  a  m a t e r i a l   c o n t a i n i n g   a  p r e s e l e c t e d   a m o u n t  

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

p a r t i c l e s   b e i n g   made  of  a  m a t e r i a l   c o n t a i n i n g   a  p r e -  
s e l e c t e d   a m o u n t   of  t h e   c h e m i c a l   e l e m e n t   t i t a n i u m   a n d ,  

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

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

e l e m e n t   v a n a d i u m .  

8.  In  a  m e t h o d   of  c a s t i n g   a  b o r o n   t r e a t e d   s t e e l   a r t i c l e  

(50)  by  i n t r o d u c i n g   m o l t e n   s t e e l   (13)  i n t o   a  mold  ( 2 0 ) ,  

t h e   i m p r o v e m e n t   c o m p r i s i n g :   t h e   i n t r o d u c t i o n   be low  t h e  

s u r f a c e   (48)  of  t he   m o l t e n   s t e e l   in  t he   mold  (20)  o f  

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

form  of  a  n o n - p a r t i c u l a t e   e l o n g a t e   member  (58)  and  b o r o n  

in  t he   form  of  p a r t i c l e s   of  a  m a t e r i a l   c o n t a i n i n g   t h e  

c h e m i c a l   e l e m e n t   b o r o n ,   s a i d   e l o n g a t e   member  (58)  a n d  

p a r t i c l e s   b e i n g   w i t h i n   an  o u t e r   c o n d u i t   (56)  of  f e r r o u s  

m a t e r i a l   of  a  f i l l e d   t u b u l a r   a r t i c l e   ( 3 8 ) .  

9.  A  m e t h o d   as  c l a i m e d   in  c l a i m   8  w h e r e i n   the   p a r t i c l e s  

of  a  m a t e r i a l   c o n t a i n i n g   the   c h e m i c a l   e l e m e n t   b o r o n  

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

10.  A  m e t h o d   as  c l a i m e d   in  e i t h e r   of  c l a i m s   8  and  9 

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

a r t i c l e   (38)  i n t o   t h e   m o l t e n   s t e e l   so  t h a t   a  d i s t a l   e n d  

(40)  t h e r e o f   m e l t s   b e l o w   the   s u r f a c e   (48)  of  the   m o l t e n  

s t e e l ,   the   f i l l e d   t u b u l a r   a r t i c l e   (38)  h a v i n g   an  o u t e r  

c o n d u i t   (56)  of  f e r r o u s   m a t e r i a l ,   a  n o n - p a r t i c u l a t e  

member  (58)  of  s u b s t a n t i a l l y   a l u m i n u m   c o m p o s i t i o n   in  t h e  

c o n d u i t   ( 5 6 ) ,   and  p a r t i c u l a t e   f e r r o b o r o n   in  the   c o n d u i t  

( 5 6 ) .  

11.  A  m e t h o d   as  c l a i m e d   in  any  of  c l a i m s   8  to  10 

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

i n t r o d u c e d   be low  the   s u r f a c e   (48)  of  t he   m o l t e n   s t e e l   i n  



t h e   mo ld   (20)  f e r r o t i t a n i u m   a n d / o r   f e r r o v a n a d i u m  

p a r t i c u l a t e   m a t e r i a l .  

12.  A  m e t h o d   as  c l a i m e d   in  any  of  c l a i m e d   8  to  11 

w h e r e i n   t h e   s a i d   i n t r o d u c t i o n   f u l f i l s   a t   l e a s t   one  o f  

t h e   f o l l o w i n g   c o n d i t i o n s :  

(a)  r e l a t i v e   to   t h e   w e i g h t   of  m o l t e n   m e t a l   ( 1 3 )  

i n t r o d u c e d   i n t o   t h e   mold   ( 2 0 ) ,   0 . 0 1 5   to  0 .070%  and  0 . 0 0 0 8  

to  0 . 0 0 4 6 2 %   by  w e i g h t   of  a l u m i n u m   and  b o r o n   r e s p e c t i v e l y  

a r e   i n t r o d u c e d   i n t o   t h e   m o l t e n   m e t a l ;  

(b)  r e l a t i v e   to  t h e   w e i g h t   of  m o l t e n   m e t a l   ( 1 3 )  

i n t r o d u c e d   i n t o   t h e   mold   ( 2 0 ) ,   0 . 0 1 5   to  0 . 0 7 0 ? . ,   0 . 0 0 0 8   t o  

0 . 0 0 4 6 2 " ,   and  0 . 0 3 8   to   0 .150%  bv  w e i g h t   of  a l u m i n u m ,   b o r o n  

and  t i t a n i u m   r e s p e c t i v e l y   a r e   i n t r o d u c e d   i n t o   t he   m o l t e n  

m e t a l ;   a n d  

(c)  r e l a t i v e   to  t h e   w e i g h t   of  m o l t e n   m e t a l   ( 1 3 )  

i n t r o d u c e d   i n t o   t h e   mold   ( 2 0 ) ,   a b o u t   0 . 0 1 6 % ,   a b o u t   0 . 0 0 1 8 %  

a b o u t   0 .050%  and  a b o u t   0 .044%  by  w e i g h t   of  a l u m i n u m ,  

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

i n t o   t h e   m o l t e n   m e t a l .  

13.   A  m e t h o d   as  c l a i m e d   in  any  of  c l a i m s   8  to  12  

i n c l u d i n g   t he   s t e p s   of  (a)  i n s e r t i n g   a  f i l l e d   t u b u l a r  

a r t i c l e   (38)  i n t o   t h e   mold   (20)  t o w a r d   a  d i s s o l u t i o n   d e p t h  

l e v e l   "L"  in  t he   m o l t e n   s t e e l   ( 1 3 ) ,   t h e   f i l l e d   t u b u l a r  

a r t i c l e   (38)  having  a  condu i t   (56)  of  f e r r o u s   m a t e r i a l ,   an  e l o n g a t e  

s u b s t a n t i a l l y   aluminum  member  (58)  w i th in   the  condu i t   (56),  and  a  
p r e s e l e c t e d   m a s t e r   c o m p o s i t i o n   (60)  i n c l u d i n g   f e r r o b o r o n  

p a r t i c u l a t e   m a t e r i a l   w i t h i n   t h e   c o n d u i t   ( 5 6 ) ,   and  (b )  

d e l i v e r i n g . t h e   f i l l e d   t u b u l a r   a r t i c l e   (38)  i n t o   t he   m o l t e n  

s t e e l   (13)  a t   a  p r e s e l e c t e d   r a t e   of  s p e e d .  
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