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I l l  

A  method  of  making  additions  of  large  dense  particles 
such  as  lead  to  a  bath  of  molten  metal  by  accelerating  the 
particles  to  a  velocity  of  not  less  than  2200  cm  per  second. 
The  particles  can  be  introduced  through  a  lance  or  through 
a  port  in  a  vessel  containing  the  bath  or  by  projection 
through  the  metal/slag/air  interface.  The  particles  are  pre- 
ferably  introduced  by  means  of  a  lance  (11)  having  a  re- 
servoir  (13)  at  one  end  containing  the  particles  and  to 
which  gas  under  pressure  is  fed.  The  lance  contains  an 
accelerating  means  comprising  a  first  passage  part  (51) 
and  a  second,  diverging,  passage  part  (52)  and  four  in- 
clined  passages  (53)  extending  to  the  throat  between  the 
parts  (51)  and  (52)  and  through  which  is  fed  further  gas 
under  pressure  which  expands  in  the  second  passage  part 
(52)  and  accelerates  the  particles. 



D e s c r i p t i o n   of  I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   o f ,   and  a p p a r a t u s  

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

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

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

d e f i n e d .   By  l a r g e   d e n s e   p a r t i c l e s ,   we  mean  p a r t i c l e s  

h a v i n g   a  maximum  d i m e n s i o n   of   n o t   l e s s   t h a n   0 . 2 5   mm  and  a  

d e n s i t y   o f   n o t   l e s s   t h a n   4 . 5   g m / c c .   E x a m p l e s   of   s u c h  

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

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

f e r r o c h r o m e ,   f e r r o m a n g a n e s e .   T h e s e   p a r t i c l e s   may  be  p r o d -  

u c e d   by  g r i n d i n g   or   gas   a t o m i s a t i o n ,   c a s t i n g   or   o t h e r   m e a n s .  

H i t h e r t o   many  p r o p o s a l s   h a v e   b e e n   p u t   f o r w a r d   f o r  

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

see   f o r   e x a m p l e   U . K . p a t e n t   s p e c i f i c a t i o n s   Nos .   519  5 7 2 ;  

520  024 ;   520  072 ;   5 2 0 . 2 2 7   w h i c h   d i s c l o s e   t he   a d d i t i o n   o f  

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

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

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

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

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

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

l e a d   s h o t ,   to  a  b a t h   of   m o l t e n   m e t a l   in   s u c h   a  m a n n e r  

as  to  a c h i e v e   good  r e t e n t i o n   of  the   a d d i t i o n   i n   t he   m e t a l  

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

p r e s e n t   i n   t he   m e t a l   in   t he   fo rm  of  u n i f o r m l y   d i s t r i b u t e d  



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

T h i s   i s   a c h i e v e d   i n   a c c o r d a n c e   w i t h   one  a s p e c t   o f  

t h e   i n v e n t i o n   by  p r o v i d i n g   a  m e t h o d   of   m a k i n g   an  a d d i t i o n  

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

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

v e l o c i t y   of   n o t   l e s s   t h a n   2200  c m / s e c   and  d i r e c t i n g   t h e  

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

P r e f e r a b l y   t h e   p a r t i c l e s   a r e   a c c e l e r a t e d  t o   a  

v e l o c i t y   l y i n g   i n   t h e   r a n g e   2750  c m / s e c t o   3650  c m / s e c .  

The  p a r t i c l e s   may  be  a c c e l e r a t e d   b y  a   f l u i d   m e d i u m .  

A d d i t i o n s   may  be  i n t r o d u c e d   i n t o   t he   b a t h   a t   a  s p e e d  

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

i n t r o d u c e d   i n t o   t he   b a t h .  

The  a d d i t i o n   and  f l u i d   may  be  i n t r o d u c e d   t h r o u g h   a  

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

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

i s   c o n t a i n e d .  

A l t e r n a t i v e l y   t he   p a r t i c u l a t e   m a t e r i a l   may  b e  

a c c e l e r a t e d   i n  a n   a c c e l e r a t i n g   means   l o c a t e d   a b o v e   t h e  

m o l t e n   b a t h ,   t h e   p a r t i c u l a t e   m a t e r i a l   b e i n g   p r o j e c t e d  

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

s l a g   c o v e r e d .  

When  a  l a n c e   or  p o r t   i s   p r o v i d e d   t h e   p a r t i c u l a t e  

m a t e r i a l   may  be  a c c e l e r a t e d   w i t h i n   t h e   l a n c e   or   p o r t   b y  

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

t h e   b u b b l e s   of   t h e   gas   f o r m e d   in   t he   b a t h .  

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

t h e   p a r t i c u l a t e   m a t e r i a l   may  b e  e i t h e r   e j e c t e d   f rom  t h e  



s u r f a c e   of   t he   b a t h   as  t he   b u b b l e s   b u r s t   on  r e a c h i n g  

t h e   s u r f a c e   or   t he   p a r t i c l e s   may  m e l t   and  f u s e   t o g e t h e r  

t h u s   g i v i n g   r i s e  t o   an  u n e v e n   d i s t r i b u t i o n   in   t h e  

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

The  gas   may  be  e j e c t e d   f rom  t h e   n o z z l e   a t   s u c h   a  

p r e s s u r e   as  to  p r e v e n t   t he   m e t a l   e n t e r i n g   t h e   n o z z l e   a s  

w e l l   as  a t   s u c h   a  r a t e   as  to  e j e c t   t he   p a r t i c u l a t e   m a t e r i a l  

i n t o   t h e   r e g i o n   of   t h e   b a t h   a g i t a t e d   by  t h e   g a s .  

P r e f e r a b l y   t h e   gas   i s   a t   t he   min imum  p r e s s u r e   t o  

p r e v e n t   m e t a l   e n t e r i n g   i n t o   t he   n o z z l e   w h i l s t   a c h i e v i n g  

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

I t   i s   d e s i r e d   to  k e e p   t he   a m o u n t   of   gas   to  t he   m i n i m -  

um  to  p r e v e n t   e x c e s s i v e   t u r b u l e n c e   of   t he   m o l t e n   m e t a l .  

The  l a n c e   may  h a v e   a  d e l i v e r y   n o z z l e   a t   one  end  of   t h e  

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

t h e   l a n c e   f r o m   t h e   n o z z l e   to  t he   o t h e r   end  of  t he   l a n c e  

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

i o n   to  t h e   p a s s a g e   a t  s a i d   o t h e r   end  of   t he   l a n c e   and  a c c -  

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

m e a n s   i n   t h e   l a n c e .  

In   a l l   c a s e s   t he   p a r t i c l e s   may  be  a c c e l e r a t e d   by  a  

gas   i n   an  a c c e l e r a t i n g   means   c o m p r i s i n g   a  p r i m a r y   d i v e r g i n g  

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

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

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

a t   or   d o w n s t r e a m   of   t he   t h r o a t   so  t h a t ,   in   u s e ,   as  f l u i d  

u n d e r   p r e s s u r e   e n t e r s   t he   d i v e r g i n g   p a s s a g e   i t   e x p a n d s  

and  a c c e l e r a t e s   t he   p a r t i c u l a t e   m a t e r i a l .  

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

p a s s a g e   p r e f e r a b l y   has   a  c o m p o n e n t   e x t e n d i n g   in   t h e  

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



F o u r   s e c o n d a r y   p a s s a g e s   may  be  p r o v i d e d   a t   e q u i -  

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

p r i m a r y   p a s s a g e .  

The  p r e s s u r e   of   gas   in   t h e   s e c o n d a r y   p a s s a g e   o r  

p a s s a g e s   m a y  l i e   in   t h e   r a n g e   7 . 0   k g / s q m   to  1 5 . 0  

k g / s q .   c m .  

The  f l o w   r a t e   of   gas   in   t h e   s e c o n d a r y   p a s s a g e   o r  

p a s s a g e s   may  l i e   in   t h e   r a n g e   12 .5   l i t r e s   p e r  
s e c o n d   to  2 5 . 0   l i t r e s   p e r   s e c o n d .  

The  p r e s s u r e   of   gas   i n   t he   p r i m a r y   p a s s a g e   may  l i e  

i n   t h e   r a n g e   4 . 0   k g / s q   cm  to  1 0 . 0   k g / s q   c m .  

The  f l o w   r a t e   of  gas   i n   t h e   p r i m a r y   p a s s a g e   m a y  
l i e   i n   t he   r a n g e   1 . 6   l i t r e s   p e r   s e c o n d   to  8 . 5  

l i t r e s   p e r   s e c o n d .  

The  i n v e n t i o n   h a s   b e e n   d e v e l o p e d   t o  m a k e   a d d i t i o n s ,  
to   a  m o l t e n   s t e e l  b a t h ,   of   l e a d   w h i c h   i s   d e n s e   a n d  

n o r m a l l y   i n   t h e f o r m   of   l e a d   s h o t   h a v i n g   f o r   e x a m p l e   a  
maximum  d i m e n s i o n   of  a b o u t   0 . 5   to  1 .0   mm  and  a  p a r t i c l e  

d e n s i t y   of   1 1 . 3   gm/cc   and  a  b u l t   d e n s i t y   of   7 . 9 3   g m / c c .  

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

can   be  u s e d   to  make  any  d e s i r e d   a d d i t i o n   w h i c h   i s   in   t h e  

f o r m   of   l a r g e   d e n s e   p a r t i c l e s   as  h e r e i n   d e f i n e d   to  a n y  
d e s i r e d   m o l t e n   m e t a l   and  may  be  u s e d   to  make  t he   a d d i t i o n  

n e a r   t h e   s u r f a c e   of   t he   b a t h .  

I t  h a s   b e e n   p r o p o s e d   i n ,   f o r   e x a m p l e ,   U . K . P a t e n t  

S p e c i f i c a t i o n  7 4 8   474  and  U . S . S p e c i f i c a t i o n  3   891  1 9 6  

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

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



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

f i r s t   f l u i d i s i n g   the   r e l a t i v e l y   s m a l l   and  l i g h t   p a r t i c -  

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

i m m e r s e d   i n   t he   s t e e l .   Such   t e c h n i q u e s  h o w e v e r   were   o f  

no  a s s i s t a n c e   to  t he   a p p l i c a n t s   i n   a c h i e v i n g   the   o b j e c t  

of   t h e i r   i n v e n t i o n .   F i r s t l y ,   b e c a u s e   s u c h   p r i o r   p r o p o s -  
a l s   w e r e   c o n c e r n e d   o n l y   w i t h   a d d i n g   d e s u l p h u r s a t i o n  

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

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

l e a d ,   a  man  of   a v e r a g e   s k i l l   i n   t he   a r t   b e i n g   w e l l   a w a r e  

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

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

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

S e c o n d l y ,   e v e n   i f  t h e   u s e   of   s u c h   t e c h n i q u e s   h a d  

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

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

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

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

can   be  f l u i d i s e d .   F l u i d i s a t i o n   of  t he   a d d i t i o n   p a r t i c l e s  

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

t h e s e   two  s p e c i f i c a t i o n s .   The  a p p l i c a n t s   were   t h e   f i r s t  

to  r e a l i s e   t h a t   t h e   d e s i r e d   m e t a l   r e c o v e r y   and  d i s t r i b u t -  

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

p a r t i c l e s   p r e f e r a b l y   by  means   of   a  f l u i d   u n d e r   p r e s s u r e .  

I n   t h i s   s p e c i f i c a t i o n   t h e   t e r m   " b a t h "   i s   i n t e n d e d  

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

e x a m p l e ,   t he   m o l t e n   m e t a l   i n  a   f u r n a c e   c r u c i b l e   l a d l e  

or   m o u l d .  

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

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

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

i n   t h e   m e t a l .  



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

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

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

end  o f   t h e   p a s s a g e ,   means   to  c o n n e c t   t h e   o t h e r   end  o f  

t h e   p a s s a g e   to  a  s u p p l y   of  a d d i t i o n ,   means   to  c o n n e c t   a  

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

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

a d d i t i o n   m a t e r i a l   i s   a c c e l e r a t e d ,   as  a  r e s u l t   of   i n t r o -  

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

n o t   l e s s   t h a n   2200  c m / s  

P r e f e r a b l y   t h e   m a t e r i a l   i s   a c c e l e r a t e d   to  a  v e l o c i t y  

l y i n g   i n   t h e   r a n g e   2750  c m / s e c   to  3650   c m / s e c  

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

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

as  to  p r o j e c t   t he   p a r t i c u l a t e   m a t e r i a l   i n t o   t he   b a t h  

t h r o u g h   t he   m e t a l   s u r f a c e   w h i c h   may  be  c o v e r e d   by  a  l a y e r  

of   s l a g .  

A l t e r n a t i v e l y   t he   n o z z l e   may  be  a d a p t e d ,   in   u s e  

to  be  l o c a t e d   a t   t h e   end  of   a  p o r t   in   t h e   w a l l   of   t h e  

v e s s e l   in   w h i c h   t h e   b a t h   i s   c o n t a i n e d .  

F u r t h e r   a l t e r n a t i v e l y ,   t he   n o z z l e   may  be  a d a p t e d  

i n   u s e ,   to  be  l o c a t e d   a t   t h e   end  of   a  l a n c e   a d a p t e d ,  

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



b a t h   so  t h a t   t he   p a r t i c u l a t e   m a t e r i a l   i s   d i s c h a r g e d  

f r o m   t h e   n o z z l e   a t   a  d e s i r e d   l o c a t i o n   w i t h i n   t h e   b a t h .  

The  p a s s a g e   may  be  f o r m e d   to  p r o v i d e   an  a c c e l e r a t i n g  

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

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

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

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

t h r o a t   so  t h a t ,   i n   u s e ,  a s   f l u i d   u n d e r   p r e s s u r e   e n t e r s  

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

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

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

p a s s a g e   p r e f e r a b l y   has   a  c o m p o n e n t   e x t e n d i n g   in   t h e  

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

The  or   e a c h   s e c o n d a r y   p a s s a g e   may  be  i n c l i n e d  

to  t h e   a x i s   of   t he   p r i m a r y   p a s s a g e   a t   an  a n g l e   l y i n g  

i n   t h e   r a n g e   25  °  to  3 5   ° .  

The  d i a m e t e r  o f   t h e   t h r o a t   may  l i e   i n   t he   r a n g e  

7 . 0   mm  to  1 1 . 0 m m .  

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

may  l i e   i n   t he   r a n g e   4  t o   10  ° .  

The  d i a m e t e r   of   t he   or   e a c h   s e c o n d a r y   p a s s a g e   m a y  

l i e   i n   t h e   r a n g e   1 .00mm  to  2 . 0 0   m m .  

The  l a n c e   may  c o m p r i s e   a  c e n t r a l   t u b e   on  w h i c h   a  

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

b i a s i n g   means   p r o v i d i n g   an  end  l o a d   to  t h e   a s s e m b l y   o f  

s l e e v e s .  

The  c e n t r a l   t u b e   may  be  p r o v i d e d   w i t h   a  f i x e d  

a b u t m e n t   a t   i t s   l o w e r   end  and  t h e   b i a s i n g   means   b e i n g  

p r o v i d e d   a d j a c e n t   t he   u p p e r   end  of  t h e   t u b e   so  as  t o  



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

a b u t m e n t .  

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

or  s u b s t a n t i a l l y   a n n u l a r   a b u t t i n g   f a c e s .  

In   o r d e r   to  a v o i d   the  n o z z l e   o u t l e t   b e c o m i n g   b l o -  

c k e d   w i t h   s o l i d i f i e d   m e t a l   f rom  t he   b a t h ,   as  a  r e s u l t  

of   t h e   c h i l l i n g   e f f e c t   of   t he   gas   and  a d d i t i o n s   a t   t h e  

n o z z l e ,   t he   end  of   t h e   n o z z l e   i s   c o u n t e r b o r e d   to  p r o v i d e  

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

t h e   p a s s a g e   of   t he   n o z z l e .   Due  to  t h e   r e l a t i v e l y   l a r g e  

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

b a t h   to  become   s o l i d i f i e d   and  to  f o r m   a  s k i n   t h e   s o l i d -  

i f y i n g   m e t a l   i s   n o t   p e r m i t t e d   to  b u i l d   up  on  t he   n o z z l e  

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

t h e r e b y   a v o i d i n g   any  b l o c k a g e   of   t he   n o z z l e .  

A  m e t e r i n g   means   may  be  p r o v i d e d   to   p e r m i t   o f  

a d j u s t m e n t   of   t he   f l o w   r a t e   of   t he   a d d i t i o n .  

The  f l u i d   u n d e r   p r e s s u r e   to  a c c e l e r a t e   t h e   p a r t i c -  

u l a t e   m a t e r i a l   may  be  i n t r o d u c e d   t o  t h e   a d d i t i o n   f l o w  

a t   or   a d j a c e n t   t h e   m e t e r i n g   m e a n s .  

The  m e t e r i n g   means   may  c o m p r i s e   a  r e p l a c e a b l e  

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

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

p r o v i d e s   a  m e t e r i n g   t u b e   and  o t h e r   p a r t s   of   w h i c h   p r o -  

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

p a s s a g e   as   w e l l   as  t h e   or   e a c h   s e c o n d a r y   p a s s a g e .  

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

a  d e s i r e d   X - s e c t i o n   t h e   f l o w   r a t e   of   t he   a d d i t i o n   can   b e  

a d j u s t e d .   The  a d d i t i o n   may  be  s u p p l i e d   f rom  a  r e s e r v o i r  



f i x e d   to  t h e   o t h e r   end  of   t he   l a n c e   and  t he   r e s e r v o i r  

i s   p r e f e r a b l y   a  s e a l a b l e   p r e s s u r e   v e s s e l   p r o v i d e d   w i t h  

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

s u p p l y   o f   i n e r t   g a s ,   or   o t h e r   f l u i d   u n d e r   p r e s s u r e .  

The  r e s e r v o i r   may  be  r e m o v a b l y   f i x e d   to  t he   o t h e r  

end   of   t h e   l a n c e   p r e f e r a b l y  b y   means   of   a  q u i c k   r e l e a s e  

c o u p l i n g .  

The  r e s e r v o i r   may  b e  p r o v i d e d   w i t h   a  s h u t - o f f   v a l v e  

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

r e s e r v o i r .  

The  m e t e r i n g   means   may  be  l o c a t e d   b e t w e e n   t h e  

r e s e r v o i r   and  s a i d   o t h e r   end  of   t he   l a n c e .  

The  m e t e r i n g   means   may  be  p r o v i d e d   i n   a  h o l d e r   b o d y ,  

t h e   l a n c e   b e i n g   c o n n e c t e d   to  one  end  of   t he   b o d y   and  t h e  

r e s e r v o i r   b e i n g   f i x e d   to  t he   o t h e r   end  of   t h e   b o d y .  

The  h o l d e r   b o d y   may  be  p r o v i d e d   w i t h   a  t h r o u g h b o r e  

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

m o u n t e d   w i t h i n   t h e   t h r o u g h b o r e .  

The  h o l d e r   b o d y   may  be  a d a p t e d   to  be  e n g a g e d   by  a  

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

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

The  c e n t r a l   t u b e   may  c o m p r i s e   a  p a i r   of  c o n c e n t r i c  

t u b e s .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   d e t a i l   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   w h e r e i n : -  

F I G U R E S I a   and  1b  show  a  l o n g i t u d i n a l   c r o s s   s e c t i o n a l   v i e w  

t h r o u g h   an  a p p a r a t u s   e m b o d y i n g   the   i n v e n t i o n ,  

FIGURE  2  i s   a  t r a n s v e r s e   c r o s s - s e c t i o n a l   v i e w  

t h r o u g h   F i g u r e   1 ,  

FIGURE  3  i s   a  c r o s s - s e c t i o n a l   v i e w   t h r o u g h   a  



r e f r a c t o r y   s l e e v e   of   t he   a p p a r a t u s   of   F i g u r e   1 ;  

FIGURE  4  i s   a  c r o s s   s e c t i o n a l   v i e w   t h r o u g h   a n  

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

a p p a r a t u s   of   F i g u r e   1 ,  

FIGURE  5  i s   a  p l a n   v i e w   of   t he   s l e e v e   shown  i n  

F i g u r e   3 ,  

FIGURE  6  i s   a  s e c t i o n a l   v i e w   t h r o u g h   a  f i b r e  

w a s h e r   f o r   u s e   w i t h   t he   s l e e v e   of   F i g u r e s   3  and  5 ,  

a n d  

FIGURE  7  i s   a  c r o s s   s e c t i o n a l   v i e w   s h o w i n g   t h e  

c o n f i g u r a t i o n   of   t h e   w a s h e r   of   F i g u r e   7,  i n   u s e .  

R e f e r r i n g   to  t he   d r a w i n g s ,   t h e   a p p a r a t u s   i s  

i n d i c a t e d   g e n e r a l l y   a t   10  and  c o m p r i s e s   a  l a n c e   11,  a  

h o l d e r   b o d y   12  and  a  r e s e r v o i r   1 3 .  

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

l o a d e d   i n t o   t h e   r e s e r v o i r   13  and   a r e   f o r c e d   t h e r e f r o m  

by  i n e r t   g a s ,   as  h e r e i n a f t e r   to  be  d e s c r i b e d ,   t h r o u g h  

t h e   h o l d e r   b o d y   12  and  l a n c e   11  to  be  i n t r o d u c e d   i n t o  

a  b a t h   of   m o l t e n   s t e e l   f r o m   t h e   l o w e r   end  of   t h e   l a n c e .  

The  l a n c e   11  c o m p r i s e s   a  c e n t r a l   t u b e   14  s u r r o u n d e d  

by  a  p l u r a l i t y   of   a n n u l a r   i n   c r o s s   s e c t i o n   r e f r a c t o r y  

s l e e v e s   15.  The  r e f r a c t o r y   s l e e v e s   15  a r e   p r e f e r a b l y   o f  

t h e   c o n f i g u r a t i o n   shown  i n   F i g u r e s   3  and  5  and  i t   w i l l  

be  s e e n   t h a t ,   e x c e p t   f o r   t h e   t o p   and  b o t t o m   s l e e v e s ,  

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

i n d i c a t e d   a t   15a  and  15b  r e s p e c t i v e l y   w h i c h   a r e   p r e -  

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

s e c t i o n   g r o o v e s   15c.   The  c e n t r a l   t u b e   14  c o m p r i s e s   a  

t h i c k   w a l l   h y d r a u l i c   t u b e   16  l o c a t e d   c o n c e n t r i c a l l y  

w i t h i n   an  o u t e r   l a r g e r   t u b e   17  of   t he   same  t y p e .  

The  o u t s i d e   d i a m e t e r   of   t h e   t u b e   17  i s   s u c h   t h a t  

i t   i s   a  c l e a r a n c e   f i t   w i t h i n   t he   c e n t r a l   b o r e   18  of   t h e  

r e f a c t o r y   s l e e v e s   1 5 .  



At  the   t o p   of  t he   o u t e r   t u b e   17  a  s o l i d   b a r   19 

i s   w e l d e d ,   t he   sol id  b a r   b e i n g   m a c h i n e d   to  t he   o u t s i d e  

d i a m e t e r   of   t h e   t u b e   17  and  t h r e a d e d   a t   i t s   u p p e r   e n d  

as  i n d i c a t e d   a t   20  to  p r o v i d e   a  s c r e w   c o n n e c t i o n   w i t h  

t h e   l o w e r   end  of   t h e   h o l d e r   b o d y   1 2 .  

At  i t s   l o w e r   end  t he   b a r   19  i s   a l s o   i n t e r n a l l y  

t h r e a d e d ,   a s  i n d i c a t e d   a t   21  to  p r o v i d e   a  t h r e a d e d  

c o n n e c t i o n   w i t h   t he   s m a l l e r   d i a m e t e r   t u b e   1 6 .  

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

r e m o v a l   o f   t h e   i n n e r   t u b e   16  s h o u l d   t he   l o w e r   end  of   t h e  

i n n e r   t u b e   16  be  d a m a g e d   w h i l s t   t h e   o u t s i d e   t u b e   17 

r e m a i n s   u n d a m a g e d .  

At  i t s   l o w e r   end  t he   o u t e r   t u b e   17  has   w e l d e d   t o  

i t   a  f i t t i n g   22  to  p e r m i t   a t t a c h m e n t   of   a  r e f a c t o r y  

n o z z l e   end  23.  In   t he   e x a m p l e   t he   f i t t i n g   22  i s   p r o v i d e d  

w i t h   a  c o a r s e   r o u n d e d   t h r e a d   w h i c h   i s   e n g a g e d   w i t h   a  

c o r r e s p o n d i n g   t h r e a d   p r o v i d e d   on  t he   n o z z l e   end  23.  T h e  

f i t t i n g   22  and  n o z z l e   end  23  a r e   b o r e d   to  r e c e i v e   t h e  

c e n t r a l   t u b e   16  w i t h   c l e a r a n c e .  

A  g r o o v e   2 4  i s   m a c h i n e d   in   t he   f i t t i n g   22  and  r e c e i v e s  

a  s l o t t e d  w a s h e r   2 5  w h i c h   i s   r e c e i v e d   in   a  r e b a t e   26  f o r m e d  

in   t h e   l o w e r   end  of  t he   l o w e r   r e f r a c t o r y   s l e e v e   1 5 .  

A t  t h e   u p p e r   end  of   t he   l a n c e   a  s h o u l d e r e d   w a s h e r  

27  i s   u r g e d   a g a i n s t   t he   u p p e r   end  o f  t h e   u p p e r m o s t   s l e e v e  

15  by  means   of   a  c o i l   c o m p r e s s i o n   s p r i n g   28  t h e   o t h e r  

end  of   w h i c h   i s   e n g a g e d   by  a  w a s h e r   29  e n g a g e d   w i t h   a  

s p r i n g   t e n s i o n i n g   n u t   30  t h r e a d e d l y   e n g a g e d   w i t h   t h e  

l o w e r   end  of   t he   h o l d e r   b o d y   12.  The  a b o v e   d e s c r i b e d  

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

n u t   30  e n s u r e s   t h a t   t he   r e f r a c t o r y - s l e e v e s   15  a r e  

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



d i f f e r e n t i a l   e x p a n s i o n   b e t w e e n   t he   r e f a c t o r y   and  t h e  

s t e e l   t u b e s   16  and  1 7 .  

T h e l a n c e   can   be  b u i l t   up  e i t h e r   w i t h   t h e   t u b e s   16 

and  17  i n   p l a c e   in   t he   h o l d e r   12  by  a s s e m b l i n g   t he   r e f r -  

a c t o r y   s l e e v e s   15  w i t h   t he   c e n t r a l   t u b e   14,  i n t r o d u c i n g  

t h e   w a s h e r   25  i n t o   t he   g r o o v e   24  and  t h e n   t i g h t e n i n g  

t h e   t e n s i o n i n g   n u t   30  f o l l o w e d   by  s c r e w i n g   on  and  c l a y i n g  

t h e   r e f r a c t o r y   n o z z l e   end  23.  A l t e r n a t i v e l y ,   t he   l a n c e  

can   be  b u i l t   up  by  d e t a c h i n g   the   c e n t r a l   t u b e   14  f rom  t h e  

h o l d e r ,   in   w h i c h   c a s e   t he   n o z z l e   end  w i l l   be  a s s e m b l e d  

f i r s t   t h e n   t he   s l e e v e s   15  and  f i n a l l y   t he   w a s h e r   27  

and   s p r i n g   2 8 .  

In   v i e w   of  t h e   f a c t  t h a t   to  f o r c e   gas   i n t o   m o l t e n  

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

h e a d   a t   t he   d e p t h   of   t h e   l o w e r   end  of  t h e   l a n c e   c a u s e s  

much  t u r b u l e n c e   i n   t h e   l a d l e   w h i c h   r e s u l t s   i n   g r e a t  

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

n o r m a l   s t o p p e r   rod   s l e e v e s   f o r   t he   s l e e v e s   15  s i n c e   t h e y  

a r e   r e c e s s e d   a t   one  end  and  a t   t he   o t h e r   end  c a r r y   a  

s p i g o t .   The  end  w h i c h   i s   r e c e s s e d   and  has   a  s p i g o t  

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

of   v i o l e n t   a g i t a t i o n ,   t he   end  of   t h e   r e c e s s   can   b r e a k  

away  and  may  t a k e   w i t h   i t   a  m a j o r   p a r t   of   t h e   s l e e v e .  

To  a v o i d   any  s u c h   p r o b l e m s   t he   s l e e v e s   15  a r e   p r o v i d e d  

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

15a  and  15b.   I f   d e s i r e d   h o w e v e r ,   t he   s l e e v e s   may  h a v e  

a n n u l a r   end  s u r f a c e s   as  i n d i c a t e d   at   15d  in   F i g u r e   4  a n d  

may  a g a i n   be  p r o v i d e d   w i t h   c o n c e n t r i c   g r o o v e s   15£0  

As  shown  i n   t he   d r a w i n g s   t he   s l e e v e s   15  a r e  

a s s e m b l e d   w i t h  a   c o m p r e s s i b l e   r e f a c t o r y   f i b r e   w a s h e r   31 

t h e r e b e t w e e n ,   a  f l u i d   t i g h t   j o i n t   b e i n g   made  by  t h e  

l o a d   of   t h e   s p r i n g   28  d e s c r i b e d   a b o v e .   W i t h   s l e e v e s   o f  



t he   c o n f i g u r a t i o n   shown  in   F i g u r e s   3  and  5  the   w a s h e r s  

o r i g i n a l l y   of   t h e   s h a p e   shown  i n   F i g u r e   6  w i l l   b e  

c o m p r e s s e d   to  a d o p t   t he   s h a p e   shown  in   F i g u r e   7.  V i o l e n t  

a g i t a t i o n   o f   t he   l a n c e   w i l l   n o t   b r e a k   the   s l e e v e s   s i n c e  

t h e y   a r e   c u s h i o n e d   f rom  e a c h   o t h e r   by  the   r e f r a c t o r y  

f i b r e   w a s h e r   3 1 .  

The  w a s h e r s   31  of   f i b r e   r e f r a c t o r y   m a t e r i a l  

s h o u l d   be  of  t h e   same  s i z e   i n t e r n a l l y   as  the  o u t s i d e  

d i a m e t e r   of   t he   o u t e r   s t e e l   t u b e   17.  S i n c e   r e f r a c t o r y  

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

o f  t h e   s l e e v e   on  t he   t u b e   17  c a n n o t   be  e x p e c t e d   s o  

t h a t   by  e n s u r i n g   t h a t   t he   f i b r e   w a s h e r   has   an  i n t e r n a l  

a p e r t u r e   of   t h e   same  s i z e   or  s l i g h t l y   s m a l l e r   t h a n   t h e  

e x t e r n a l   d i a m e t e r   of   t he   t u b e   17  t h e n   as  t he   s l e e v e s  

a r e   t i e d   t o g e t h e r   a t   e a c h  j o i n t   a  f i b r e   c o l l a r   w i l l  

e x i s t   i n   e n g a g e m e n t   w i t h   t he   o u t e r   t u b e   17  w h i c h   w i l l  

s e r v e   to  i n s u l a t e   t he   s l e e v e   f rom  c o n t a c t   w i t h   o r  

v i b r a t i o n  o f   t he   t u b e .  

T h e   c o n c a v i t y   d e s i r e d   a b o v e   i s   n o t   so  g r e a t   a s  

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

any  c h a n c e   of   e r r o r   in   a s s e m b l y .   The  c o n c a v e / c o n v e x   e n d  

s h a p e   has   t h e  a d v a n t a g e   t h a t   i t   t a k e s   c a r e   of   any  l o n g -  

i t u d i n a l   f l e x i n g   or   b e n d i n g   of   t he   l a n c e .  

In   o r d e r   to  a v o i d   t h e   n o z z l e   o u t l e t   0  b e c o n i n g  

b l o c k e d   w i t h   s o l i d i f i e d   m e t a l   f r o m   t he   b a t h ,   as  a  

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

at   t h e   n o z z l e ,   t h e   end  of   t he   n o z z l e   i s   c o u n t e r b o r e d   t o  

p r o v i d e   a  r e l a t i v e l y   l a r g e   c r o s s   s e c t i o n   r e c e s s   01  c o n -  

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

t h e   t u b e   16  i s   p r o t e c t e d   by  c e m e n t   02  and  i s   r e c e s s e d  

w e l l   b a c k   f rom  c o n t a c t   w i t h   t he   m o l t e n   m e t a l .  



W i t h   c o n v e n t i o n a l   n o z z l e   t i p s   t h e   c o o l e d   m e t a l  

i s   m o s t l y   s w e p t   away  i n   t h e   a g i t a t i o n   c a u s e d   b y  
t h e   i n j e c t i o n   p r o c e s s .   The  i n j e c t i o n   d e l i v e r y   p i p e  
s h o u l d   n e v e r   to  e x p o s e d   a t   i t s   t i p   to  t h e   m o l t e n  

m e t a l ,   s i n c e   a d h e s i o n   of   s e m i - f r o z e n   m e t a l   can   t a k e  

p l a c e ,   i n c r e a s e   and  b r i n g   t h e   o p e r a t i o n   to  a  h a l t .  

H o w e v e r   a d h e s i o n   can   on  o c c a s i o n   t a k e   p l a c e   b e t w e e n  

t h e   m o l t e n   m e t a l   and  the   r e f r a c t o r y   m a t e r i a l   of   t h e  

l a n c e   t i p   w i t h   t he   same  r e s u l t .  

T h i s   l a t t e r   a d h e s i o n   o c c u r s   p a r t i c u l a r l y   s h o u l d  

t h e r e   be  a  m o m e n t a r y   i r r e g u l a r i t y   i n   d e l i v e r y   t h r o u g h  
t he   l a n c e ,   when  m o l t e n  o r   s e m i - f r o z e n   m e t a l   m a y  
e n t e r   t h e   t i p   of   t h e   t u b e .   Most   l a n c e  t i p s   a r e  

m o d i f i e d   s t o p p e r   r o d   ends   or   f o l l o w   t he   same  f o r m .  

Due  to  t he   r e l a t i v e l y   l a r g e   r e c e s s   o f   t h e  

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

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

of   t h e   b a t h   to  become   s o l i d i f i e d   and  to  f o r m   a  
s k i n   t h e   s o l i d i f y i n g   m e t a l  i s   n o t   p e r m i t t e d   t o  

b u i l d   up  on  t he   l a n c e   t i p   b u t   i s   c a u s e d   to  be  r e d i s -  

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

b l o c k a g e   of   t h e   n o z z l e .   M o r e o v e r ,   a s s i m u l a t i o n  

of   t h e   l e a d   s h o t   by  t he   m e l t   t a k e s   p l a c e   away  f r o m  

t h e   s u r f a c e   of   r e f r a c t o r i e s   and  f rom  t he   t i p   o f  

t h e   d e l i v e r y   t u b e .  



The  h o l d e r   12,   as  b r i e f l y   m e n t i o n e d   a b o v e ,   h a s   a t  

i t s   l o w e r   end  an  i n t e r n a l   s c r e w   t h r e a d   w i t h   w h i c h   t h e  

t h r e a d   20  on  t h e   u p p e r   end  of  t h e   b a r   19  i s   e n g a g e d   a n d  

a  l o c k   n u t   32  i s   p r o v i d e d   to  l o c k   t h e   t h r e a d e d   c o n n e c t i o n  

b e t w e e n   t h e   b a r   19  and   t h e   h o l d e r   1 2 .  

The  h o l d e r   12  i s   m a c h i n e d   f rom  s o l i d   b a r   and   h a s  

a t   i t s   u p p e r   end  a  l a r g e   d i a m e t e r   f l a n g e   t y p e   q u i c k  

r e l e a s e   a t t a c h m e n t   33  w h i c h   m a t e s   w i t h   an  i n t e r r u p t e d  

f l a n g e   34  p r o v i d e d   on  t he   b o t t o m   of  t h e   r e s e r v o i r   13  a s  

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

h o l d e r   i s   m a c h i n e d   to  f i t   i n s i d e   a  c l a m p   35  p r o v i d e d   o n  

an  arm  36  c o n n e c t e d   to  a  r a i s i n g   and  l o w e r i n g   m e c h a n i s m  

w h e r e b y   t h e   l a n c e   can   be  i n t r o d u c e d   i n t o   and   r e m o v e d   f r o m  

a  b a t h   o f  m o l t e n   s t e e l .  

The  c l a m p   c o m p r i s e s   a  f i x e d   p a r t   37  c o n n e c t e d  t o  

t h e   arm  36  and   a  m o v a b l e   p a r t   38  w h i c h   i s   p i v o t a l l y   m o u n t e d  

on  t h e   p a r t   36  f o r   p i v o t a l   m o v e m e n t   a b o u t   a  v e r t i c a l   a x i s  

and   i s   p r o v i d e d   w i t h   an  a b u t m e n t   38a  a d a p t e d   to  be  e n g a g e d  

by  a  p i v o t e d   l a t c h   39  so  t h a t   w h e n  t h e   l a t c h   39  i s   in   t h e  

p o s i t i o n   shown  i n   t he   d r a w i n g   t h e   c l a m p   p a r t s   38  and  3 7  

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

40  of  t h e   h o l d e r   body   12.  I t   w i l l   be  a p p r e c i a t e d   t h a t  

t h e   p a r t s   of   t h e   c l a m p   37  and   a38  w h i c h   e n g a g e   t h e  

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

of  a  d i a m e t e r   to  c o - o p e r a t e   w i t h   t he   c y l i n d r i c a l  

s u r f a c e s   of  t h e   p a r t   4 0 .  

The  c a t c h   39  i s   p r o v i d e d   w i t h   t he   l e v e r   41  t o  

p e r m i t   of   i t s   e n g a g e m e n t   w i t h   t h e   a b u t m e n t   3 8 a .  



A  s a f e t y ' d e v i c e ,   n o t   shown ,   i s   p r o v i d e d   t o  

e n s u r e   t h a t   t h e   c a t c h   39  i s   l o c k e d   i n   i t s   l a n c e   h o l d i n g  

p o s i t i o n .  

The  h d d e r   body   12  i s   b o r e d   f r o m   end  to  end  t o  

p r o v i d e   a  p a s s a g e   42  f o r   t he   a d d i t i o n   m a t e r i a l .   T h e  

d i a m e t e r   of  t h e   m a j o r i t y   of  t h e   p a s s a g e   42  may  be  g r e a t e r  

or  s m a l l e r   t h a n   shown  i n   t h e   d r a w i n g   or  c o u l d   be  c o n s i d -  

e r a b l y   l a r g e r  a n d   be  p r o v i d e d   w i t h   i n t e r c h a n g e a b l e  

s l e e v e s   to  p e r m i t   of  r e a d y   a d j u s t m e n t   of   t h e   p a s s a g e  
d i a m e t e r .   In   t h e   c a s e   of  t he   a d d i t i o n   of  a b r a s i v e  

m a t e r i a l s ,   t h e   s l e e v e s   may  be  h a r d e n e d   a s ,   of  c o u r s e ,  

may  be  t h e   h o l d e r   i t s e l f   when  no  s l e e v e s   a r e   p r o v i d e d .  

At  t h e   u p p e r   e n d ,   t h e   p a s s a g e   42  i s   p r o v i d e d   w i t h  

a  c o u n t e r b o r e   43  i n   an  e n l a r g e d   d i a m e t e r   p a r t   44  of  t h e  

h o l d e r   b o d y .   The  c o u n t e r b o r e   43  i s   p r o v i d e d   w i t h   a  

r e p l a c e a b l e   m e t e r i n g   s p o o l   45  p r o v i d e d   w i t h   s e a l s   in   t h e  

f o r m   of   O - r i n g s   46  and  h a v i n g   a  c y l i n d r i c a l   s t e p p e d  
c o u n t e r b o r e d   p a s s a g e   4 3 .  A n   a n n u l a r   r e c e s s   47  i s  

p r o v i d e d   i n   t h e   s u r f a c e   of   t h e   m e t e r i n g   s p o o l   4 5  

and   a  r a d i a l   p a s s a g e   48  e x t e n d s   t h r o u g h   the   w a l l   o f - t h e  

e n l a r g e d   d i a m e t e r   p a r t   44  of  t h e   h o l d e r   b o d y   12  a n d  

c o m m u n i c a t e s   w i t h   a  q u i c k   r e l e a s e   c o u p l i n g   49  f o r  

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

as   a r g o n .  



The  m e t e r i n g   s p o o l   45  has   an  i n t e r n a l   p a s s a g e  

50  h a v i n g   a  f i r s t   p a s s a g e   p a r t   51  w h i c h   p r o v i d e s   a  

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

52  w h i c h   p r o v i d e s   an  a c c e l e r a t i n g   t u b e .   B e t w e e n   t h e  

p a r t s   51  and  52  a r e   p r o v i d e d   a  p l u r a l i t y ,   f o r   e x a m p l e ,  

f o u r   i n c l i n e d   p a s s a g e s   53  w h i c h   e x t e n d   f rom  t he   a n n u l a r  

r e c e s s   47  and  p r o v i d e   a  f e e d   f o r   a r g o n   to  t he   i n t e r i o r  

of   t h e   p a s s a g e   50.   The  p a s s a g e s   in   t he   p r e s e n t  

e x a m p l e   h a v e   a  d i a m e t e r   0 . 0 6 1   i n c h   i f   an  a r g o n  p r e s s u r e  

of   6  a t m o s p h e r e s   i s   us .ed  and  a  d i a m e t e r   of   0 . 0 7 8   i n c h  

i f   an  a r g o n   p r e s s u r e   of  3  a t m o s p h e r e s   i s   u s e d .   T h e  

r e s u l t   i s   an  a r g o n   v e l o c i t y   of   320  m / s e c .   The  s p o o l   i s  

made  o f   h a r d   s t e e l   f i n e l y   f i n i s h e d   and  i s   e a s i l y   e x h a n g e -  

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

a c c o r d a n c e   w i t h   t he   a d d i t i o n   m a t e r i a l   to  be  a d d e d   u s i n g  

t he   a p p a r a t u s .   The  d i a m t e r ,  D , o f   t he   m e t e r i n g   t u b e   i s  

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

t h e   e x p r e s s i o n   D > 8 d 2  . 

By  u s i n g   d i f f e r e n t   s h a p e s   and  d i a m e t e r s   for  t h e  

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

may  be  v a r i e d   as  may  be  t he   a c c e l e r a t i o n   i m p a r t e d   to  t h e  

a d d i t i o n   p a r t i c l e s   by  t he   a r g o n   i n t r o d u c e d   v i a   t he   q u i c k  

r e l e a s e   c o u p l i n g   49  t h e r e b y   a d j u s t i n g   t he   t i m e   r e q u i r e d  

f o r   a d d i t i o n   and  t h e   r a t e   a t   w h i c h   the   a d d i t i o n   m a t e r i a l  

can   be  a s s i m i l a t e d   i n t o   t he   m o l t e n   s t e e l .  

I f   d e s i r e d ,   o t h e r   means   f o r   i n t r o d u c i n g   the   a r g o n  
f l o w   i n t o   t h e   s t r e a m   of   p a r t i c l e s   may  be  u t i l i s e d .  

I t   i s   to  be  n o t e d   t h a t   t he   a r g o n   may  be  i n t r o d u c e d   a t   a n y  
l o c a t i o n   b e t w e e n   t h e   r e s e r v o i r   13  and  the   u p p e r   end  o f  

t h e   l a n c e   11  and  any  d e v i c e   may  be  p r o v i d e d   t h a t   o p e r a t e s  

on  a  v e n t u r i   or   s i m i l a r  a c t i o n   and  w h i c h   s e p a r a t e s   t h e  

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

e r a t i o n .  



As  m e n t i o n e d   b r i e f l y   a b o v e ,   t he   r e s e r v o i r   13  i s  

c o n n e c t e d   to  t he   u p p e r   end  of   t he   h o l d e r   body   12  b y  

means   of   t h e  f l a n g e   c o n n e c t i o n   33.  T h i s  c o n n e c t i o n  

c o m p r i s e s   a  l o w e r   a b u t m e n t   s u r f a c e  4 0 a   s u r r o u n d e d   by  a n  

u p s t a n d i n g   f l a n g e   54  a t   t h e   u p p e r   end  of   w h i c h   t h r e e  

i n w a r d l y   e x t e n d i n g   l i p s   55  a r e   p r o v i d e d   e a c h   h a v i n g   a n  

o p e n i n g   56  and  a  l o c k i n g   p i n   5 6 a  

At  t he   l o w e r   end  t h e   r e s e r v o i r   13  h a s   an  e x t e n s i o n  

p i e c e   58,  a  l o w e r   end  s u r f a c e   59  of   w h i c h   a b u t s   t h e  

s u r f a c e   40a   of   t he   h o l d e r   b o d y   and  h a s   t h r e e   o u t w a r d l y  

p r o j e c t i n g   t o n g u e s   60  of   s u c h   c o n f i g u r a t i o n   t h a t   t h e  

r e s e r v o i r   and  h o l d e r   b o d y   can   be  a s s e m b e d   t o g e t h e r   b y  

i n t r o d u c i n g   t h e   t o n g u e s   60  i n t o   t h e   s p a c e s   61  b e t w e e n  

t h e   l i p s   55,  as  shown  in   f u l l l i n e   i n   F i g u r e   2,  and  t h e n  

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

shown  i n   F i g u r e   2  so  t h a t   t h e   t o n g u e s   60  l i e   b e n e a t h  

t h e   l i p s   55  and  t h e   p i n   56a   i s   t h e n   i n t r o d u c e d   i n t o  

any  d e s i r e d   one  of   t he   a p e r t u r e s   56  to  l o c k   t he   r e s e r -  

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

t h e   t o n g u e s   60  h a v i n g   s e m i - c i r c u l a r   r e c e s s e s   62  t o  

r e c e i v e   the   p i n   5 6 a .  

F i x e d   to  t h e   u p p e r   end  of  t he   e x t e n s i o n   p i e c e   5 8  

i s   a  c o n i c a l   p a r t   63  of   t he   r e s e r v o i r ,   a t   t h e   u p p e r   e n d  

of   t h e   p a r t   63  i s   w e l d e d  a   c y l i n d r i c a l   p a r t   64  and  t h e  

r e s e r v o i r   i s   c l o s e d   by  a  c o v e r   6 5 .  

The  c o v e r   6 5  i s   p r o v i d e d   w i t h   a  l i f t i n g   eye  66,  a  

f i l l e r   p l u g   67  t h r o u g h   w h i c h   a d d i t i o n a l   m a t e r i a l   m a y  
be  i n t r o d u c e d   i n t o   t h e   r e s e r v o i r   and  a  q u i c k   r e l e a s e  

c o u p l i n g   68  f o r   c o n n e c t i o n   to  a  s u p p l y   of   i n e r t   gas   s u c h  

as  a r g o n   u n d e r   p r e s s u r e .  

W i t h i n   t he   e x t e n s i o n   p i e c e   58  a  r o t a r y   s h u t - o f f  

v a l v e   69  i s   p r o v i d e d   c o m p r i s i n g   a  r o t a t a b l e   c y l i n d r i c a l  



p l u g   70  w i t h   a  d i a m e t r i c   p a s s a g e   71.   Remote   c o n t r o l  

means   a r e   p r o v i d e d   to  p e r m i t   r o t a t i o n   of   t he   p l u g   7 0 .  

By  means   of   t he   r o t a r y . v a l v e   69  f l o w   of   a d d i t i o n  

m a t e r i a l   i n t o   the   m e l t   can   be  i n t e r r u p t e d   i f   d e s i r e d .  

T h e  v e s s e l   i s   of   r o b u s t   c o n s t r u c t i o n   and  i s   t e s t e d   t o  

p r e s s u r e s   w e l l   a b o v e   t h a t  f o r   n o r m a l   w o r k i n g .   In  t h e  

e x a m p l e   d e s c r i b e d   t he   r e s e r v o i r   i s   a p p r o x i m a t e l y   of   3 

c u b i t   f e e t   c a p a c i t y   and  e a s i l y   c o n t a i n s   900  lb  of  m a t -  

e r i a l   w e i g h i n g   498  l b s .   p e r   c u b i c   f t .  

B e c a u s e   t h e   r e s e r v o i r   13  i s   m o u n t e d   d i r e c t   u p o n   t h e  

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

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

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

be  e n c o u n t e r e d   i f   t he   r e s e r v o i r   were   a t   a  l o c a t i o n  

r e m o t e   f r o m   t he   l a n c e   a n d  h a d   to  be  f e d   t h r o u g h  

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

a  f l e x i b l e   c o n d u i t .  

B e c a u s e   of   t h e  n a t u r e   of   l e a d   p a r t i c l e s ,   t h a t   i s  

to  s a y   t h e i r   d e n s i t y   and  r e l a t i v e   s o f t n e s s ,   t h e r e   i s   a  

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

s t a n t i a l l y   gas   t i g h t   m a n n e r   a t   t h e   b o t t o m   of  t h e  

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

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

of   t h e   p r e s s u r e   a p p l i e d   to  t h e   r e s e r v o i r   w h i c h   i s  

a b o v e   t h e   p r e s s u r e   in   t he   e x i t   f r om  the   r e s e r v o i r .  

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

member   80  i s  p r o v i d e d   w i t h i n   a  l o w e r   p a r t   of  t h e  

r e s e r v o i r .   The  member   80  may  be  p i e r c e d   w i t h   h o l e s   o r  

s l o t s ,   or   be  so  a r r a n g e d a s   to  be  s u r r o u n d e d   by  an  a n n -  

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

The  d r a w i n g   shows   a  s e r i e s   of   s e m i - c i r c u l a r   h o l e s   H  a b o u t  

t h e   o u t s i d e   e d g e .   The  h o l e s   a r e  s o   a r r a n g e d   t h a t   t h e  



cone   can   n e v e r   be  c o m p l e t e l y   f i l l e d   by  l e a d   s h o t .   T h e  

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

maximum  f l o w   t h x u g h   t he   h o l e s   by  g r a v i t y   a l o n e   m u s t  

e x c e e d   t he   e x p e c t e d   maximum  d e l i v e r y   in   t he   c o u r s e  

of   t h e   i n j e c t i o n   p r o c e s s . T h i s  m i x i n g   s p a c e   c a n n o t   b e c o m e  

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

A  s o u r c e   of  gas   u n d e r   p r e s s u r e e q u a l   t o  t h a t   a p p l i e d  

in   t h e   r e m a i n d e r   of   t h e   r e s e r v o i r   i s   i n t r o d u c e d   i n t o   t h e  

r e s e r v o i r   b e n e a t h   t he   p l a t e   80  in   t h i s   e x a m p l e   by  means   o f  

a  t u b e   81  c o n n e c t i n g   t h e   s p a c e   a b o v e   t h e   c h a r g e  w i t h  

e x t r e m e   l o w e r   end  of   t he   r e s e r v o i r   e q u a l i s i n g   t h e  

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

e x i s t   i n   t h e   o p e n   s p a c e   a b o v e .   The  t u b e   i s   l o n g  

e n o u g h   f o r   i t s   u p p e r   end  to  s t a n d   w e l l   a b o v e   t he   l e v e l  

w h i c h   t h e   maximum  c h a r g e   r e a c h e s   i n   t h e   v e s s e l   w h i l s t  

a t   i t s  l o w e r   end  i t   f i n i s h e s   i n   t h e   member   80  w e l d e d  

a c r o s s   t h e   n a r r o w i n g   end  of   t he   r e s e r v o i r   so  as  t o  

e q u a l i s e   t h e   p r e s s u r e   on  t h e   p a r t i c l e s   a t   t he   b o t t o m  

of   t h e   r e s e r v o i r .   T h i s   p e r m i t s   c o r r e c t   f l o w   of   p a r t i c l e s  

f r o m   t h e   r e s e r v o i r .  

In   o p e r a t i o n ,   as  d e s c r i b e d   b e l o w ,   when  t he   r o t a r y  

v a l v e   69  i s   o p e n e d ,   t h e   l e a d   s h o t   b e g i n s   t o  f l o w   a n d  

i s   f o l l o w e d   up  by  s h o t   f l o w i n g   t h r o u g h   the   a p e r t u r e s   i n  

t h e   c o n e ,   t h u s   t h e r e   e x i s t s   i n   t h i s   a r e a   a  c o n t i n u o u s  

m o v e m e n t   of   t h e   s h o t   w i t h i n   t he   p r e s s u r i s e d   gas   w i t h  

w h i c h   i t   b e c o m e s   e n t r a i n e d  e n s u r i n g   an  e v e n   and  c o n t i n -  

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

In   u s e ,   a d d i t i o n   m a t e r i a l  t o   be  a d d e d   to  m o l t e n  

s t e e l   i s   i n t r o d u c e d   t h r o u g h   the   p l u g   67  i n t o   t h e  

i n t e r i o r   o f   t he   r e s e r v o i r   13.  The  q u i c k   r e l e a s e   c o u p -  

l i n g s   68  and  49  a r e   c o n n e c t e d   to  a  s u p p l y   of   i n e r t   g a s  
u n d e r   p r e s s u r e   s u c h   as  a r g o n .  



The  a r g o n   s u p p l y   i s   t h e n   t u r n e d   on,  t he   arm  3 6 =  

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

end  23  i s   a t   t he   d e s i r e d   d e p t h   i n   a  b a t h   of  m o l t e n  

s t e e l ,   f o r   e x a m p l e ,   i n   a  f u r n a c e   l a d l e .   Then   the   v a l v e  

69  i s   o p e n e d   to  p e r m i t   the   a d d i t i o n   p a r t i c l e s   to  p a s s  
f r o m   t h e  r e s e r v o i r   v i a   t he   m e t e r i n g m e a n s   and  be  a c c e l -  

e r a t e d   t h e r e i n   by  t he   a r g o n   i n t r o d u c e d   to  t he   c o u p l i n g  

49  and  t h e n   i n t o   t h e   m o l t e n   s t e e l   v i a   t he   n o z z l e   end  2 3 .  

T y p i c a l l y   60  kg  of   l e a d   p e r   m i n u t e   ( e q u a l   to  0 . 0 0 5 1  

c u b i c   m e t r e s / m i n )   a r e   a d d e d   f o r   6  m i n u t e s .  

The  v e l o c i t y   a p p l i e d   to  t he   l e a d   p a r t i c l e s   i s  

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

( a )   t he   a c c e l e r a t i o n   of  a  f a l l i n g   b o d y   due  to  g r a v i t y ,  

(b)   t he   t r a n s l a t i o n   of  work   p r o d u c e d   by  t he   e x p a n s i o n  

of   a r g o n   t h r o u g h   t he   j e t s   of  t he   a c c e l e r a t o r   i n t o  

v e l o c i t y   of   t he   l e a d   p a r t i c l e s ;   . 
( c )   t h e   r e t a r d a t i o n   of  t he   p a r t i c l e   by  t he   s u r r o u n d i n g  

gas   t h r o u g h   w h i c h   i t   f a l l s ;  

( a . i )   t he   a c c e l e r a t i o n   of   a  f a l l i n g   b o d y   i s   32  f t / s e c o n d 2 .  

( b . i )   t h e  w o r k   p r o d u c e d   by  t he   e x p a n s i o n   of   a r g o n   i s  

Where   Ua  =  work   done   in   f t .   l b s / l b   a r g o n  

P a  =   i n j e c t o r   p r e s s u r e   p . s i .   a b s .  

P1  =  h o p p e r   p r e s s u r e   "  " 

P2  =  l a n c e   p r e s s u r e   "  " 

V A  =   s p e c i f i c   v o l u m e   of  a r g o n   a t   PA 

p r e s s u r e   f t 3 / 1 b .  

V1  =  s p e c i f i c   v o l u m e   of   a r g o n   at   P1 
p r e s s u r e   f t   / l b .  

V2  =  s p e c i f i c   v o l u m e   of   a r g o n   a t   P 2  
p r e s s u r e   f t  / l b .  

=  r a t i o c f   s p e c i f i c   h e a t s   i . e .   1 . 6 6 7  
f o r   m o n a t o m i c   g a s e s .  



S i n c e   P1  =  P2;  t h e   e x p r e s s i o n  [   1 -   (ρ1 ρ2  γ - 1  γ ]  

c a n c e l s   ou t   and  t h e   e q u a t i o n   b e c o m e s   UA  =  144  Pa  V a  

I f   t he   mass   of  a r g o n   i n j e c t e d   p e r   s e c o n d   i s   Sa,  t h e n  

t h e   work   p e r   s e c o n d   i s   Ua  =  144  Pa  Va  γ γ-1  S a  

F o r   e x a m p l e   i f   Pa  =  7  a t m o s p h e r e s ;   P1  and  P2  = 

2 . 6 7   a t m o s p h e r e s   ( e q u i v a l e n t   to  a  f e r r o s t a t i c   h e a d   o f  

10  f t .   ( 3 . 0 4 8 M ) ; .   t h e   v o l u m e   of  a r g o n   a t   N . T . P .   o f  

3 5 . 4   f t 3   ( 1 M  )  p e r   m i n u t e ;   and  t he   l e a d   i n j e c t i o n   r a t e  

of  60  kg .   p e r   m i n u t e ,   t h e n   t he   v e l o c i t y   i m p a r t e d   to  t h e  

l e a d   by  t h e   a r g o n   i s   a b o u t   95  f t  s e c o n d   (2895   c m / s e c ) .  

The  l a n c e   i s  a p p r o x i m a t e l y   16  f t   (49  m)  l o n g   s o  

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

w o u l d   b e  a p p r o x i m a t e l y   0 . 1 6 8   s e c o n d s .   Thus  t he   v e l o c i t y  

d u e  t o   g r a v i t y   a c c e l e r a t i o n   w i l l   be  a b o u t   5  f t / s e c o n d  

(152   c m / s e c ) .   T h e   v e l o c i t y   a t   t he   l a n c e   end  w i l l   b e ,  

t h e r e f o r e ,   100  f t  s e c o n d  ( 3 0 4 8   c m  s e c .  

( c . i )   The  r e t a r d a t i o n   of   t he   p a r t i c l e s   can   be  c a l c u l a t e d  

f r o m ,   in   t h i s   c a s e ,   N e w t o n s   Law,  s i n c e   t he   R e y n o l d s  

n u m b e r   a p p l i c a b l e   i s   h i g h e r   t h a n   5 0 0  

Where  R  =  t h e   r e t a r d i n g   f o r c e .  

ƒ  =  t h e   f r i c t i o n   f a c t o r  w h i c h   i s   d i m e n s i o n l e s s .  

D  =  t he   d i a m e t e r   o f   t he   p a r t i c l e .  

ρ = t h e   d e n s i t y   of   t he   gas   a f   f l o w i n g .  

V =  the   r e l a t i v e   v e l o c i t y   o f   t he   p a r t i c l e   a n d  

t he   g a s .  

In   t h i s   c a s e   t he   as  f l o w i n g   v e l o c i t y   of   t he   a r g o n  
i s   a b o u t   60  f t / s e c o n d   ( 1 8 3 0   c m / s e c )   so  t h a t   V  in   t h e  

e q u a t i o n   w i l l   be  40  f t / s e c o n d   ( 1 2 2 0   c m / s e c ) .   T h i s  

e q u a t e s   to  0 . 1 2   f t   1 b s  s e c 2   an  i n f i n i t e s i m a l   r e t a r d i n g  

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



The  p a r a m e t e r s   a r e   c h o s e n   to  e n s u r e   t h a t   t h e  

a d d i t i o n   p a r t i c l e s   l e a v e   t he   n o z z l e   a t   s u c h   a  s p e e d  

t h a t   t h e y   a r e p r o j e c t e d   t h r o u g h   the   b u b b l e s   of   gas  f o r m e d  

i n   t h e   m e l t   by  the   a r g o n .   I f   t h i s   were   n o t   t he   c a s e  

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

t h e   b u b b l e s   and  be  e j e c t e d   f rom  the   s u r f a c e   when  t h e  

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

c o n g l o m e r a t e   t o g e t h e r  a i d   fume  t h u s   l e a d i n g   to  u n e v e n  

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

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

so  as  to   be  t h e   min imum  n e c e s s a r y   to  p r e v e n t   m o l t e n  

m e t a l   e n t e r i n g   t h e   n o z z l e   w h i l s t   a t   t he   same  t i m e   p r o v -  

i d i n g   a d e q u a t e   a c c e l e r a t i o n   to  t he   a d d i t i o n   p a r t i c l e s .  

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

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

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

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

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

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

t h e   a c c e l e r a t i n g   medium  may  be  any  s u i t a b l e   gas   a n d  

w h i l s t   i t   w i l l   g e n e r a l l y   be  an  i n e r t   gas  i f   f o r   a n y  

p a r t i c u l a r   m e t a l   or   m e t a l   m a k i n g   o p e r a t i o n   a  r e a c t i v e  

gas   i s   r e q u i r e d   t h e n   a  r e a c t i v e   gas   may  be  u s e d .   A l s o  

t h e   p r o c e s s   may  be  u s e d   to  i n t r o d u c e   any  d e s i r e d   p a r t -  

i c u l a t e   a d d i t i o n   as  h e r e i n d e f i n e d   i n t o   any  d e s i r e d  

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

A l t h o u g h   t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d   h e r e i n -  

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

w h i c h   i s   l o c a t e d   a d j a c e n t   t he   b o t t o m   of  t he   b a t h ,   i f  

d e s i r e d   t he   l a n c e   may  be  u t i l i s e d   to  i n t r o d u c e   a d d i t -  

i v e s   i n t o   t h e  b a t h   a t   any  d e s i r e d   d e p t h .   M o r e o v e r ,  



t h e   i n v e n t i o n   may  be  a p p l i e d   to  an  a p p a r a t u s   h a v i n g  

an  i n j e c t i o n   n o z z l e   i n   t h e   fo rm  of   a  p o r t   i n   t h e  

v e s s e l   i n   w h i c h   t h e   b a t h   i s   m a i n t a i n e d   or   a n  

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

i n   u s e ,   a b o v e   t h e   s u r f a c e   of  t he   b a t h   so  t h a t   t he   p a r t -  

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

t h e   t o p   of   t h e   b a t h .  

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

p r e s s u r e   w i l l   i n   any  c a s e   be  a b o v e   t he   f e r r o s t a t i c  

p r e s s u r e   o b t a i n i n g   a t   t he   n o z z l e   l o c a t i o n   in   any  p a r t -  

i c u l a r   c a s e .  

I f   d e s i r e d   t he   m e t e r i n g   means   may  be  d i s p o s e d  

a t   a  l o c a t i o n   s e p a r a t e   f r o m   the   a c c e l e r a t i n g   m e a n s .  

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

i s   c h o s e n   i n   a c c o r d a n c e   w i t h   t he   m a t e r i a l   to  be  a d d e d  

and   t he   d e s i r e d   a d d i t i o n   r a t e .   A l s o   as  d e s c r i b e d  

p r e v i o u s l y   t h e   r e f r a c t o r y   m a t e r i a l   of  t he   n o z z l e   and  t h e  

s l e e v e s   can   be  r e p l a c e d   c o n v e n i e n t l y   as  n e c e s s a r y   a s  

may  be  t he   i n n e r   t u b e   16  i f   i t s   l o w e r   end  b e c o m e s  

d a m a g e d .  

When  t he   l a n c e   h o l d e r   body   a n d  r e s e r v o i r   13  h a v e  

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

c o m p r i s e   a  s i n g l e   u n i t   w h i c h   can   be  e a s i l y   and  c o n v e n i -  

e n t l y   a t t a c h e d   to  a  m a n i p u l a t i n g   d e v i c e ,   s u c h   as  t h e  

arm  36  by  t he   c l a m p   3 5 .  

By  i n t r o d u c i n g   t h e   a d d i t i o n   and  i n e r t   gas   i n t o  

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

u l e n c e   i s   s e t   up  i n   the   b a t h   and  the   a d d i t i o n   i s  i n t r o -  

d u c e d   i n t o   t h e   t u r b u l e n t   r e g i o n   of  t he   b a t h   so  t h a t   i t  

i s   d i s t r i b u t e d   u n i f o r m l y .  



I t   i s   d e s i r a b l e   to  m a i n t a i n   t he   t i m e   f o r   w h i c h  

a d d i t i o n   i s   made  as  s h o r t   as  p o s s i b l e   and  h e n c e   i t   i s  

d e s i r e d   to  add  t h e  a d d i t i o n   as  r a p i d l y   as  p o s s i b l e .   I t  

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

i n e r t   gas   a d d i t i o n   as  s o o n   as  t he   d e s i r e d   a m o u n t   o f  

a d d i t i o n   h a s   b e e n   made  to  t h e   b a t h .  

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

and  f l u i d   may  be  i n t r o d u c e d   t h r o u g h   more  t h a n   o n e  

n o z z l e   a t   the   same  t i m e   and  i f   d e s i r e d   a d d i t i o n a l   o r  
o t h e r   f l u i d   may  be  i n t r o d u c e d   t h r o u g h   a  s e p a r a t e   n o z z l e  

a t  t h e   same  t i m e   as  t he   a d d i t i o n   i s   m a d e .  

The  a d d i t i o n s   may  be  i n t r o d u c e d   i n t o   t he   b a t h   b y  

any   d e s i r e d   m e a n s .   The  p a r t i c l e s   may  be  a c c e l e r a t e d  

to  t he   d e s i r e d   s p e e d   by  any  d e s i r e d   means   i n c l u d i n g ,  

f o r   e x a m p l e ,   any  m e c h a n i c a l   p r o j e c t i n g   means   o r  a n  

e x p l o s i v e   p r o j e c t i n g   means   as  w e l l   as  t h a t   d e s c r i b e d  

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

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

i n v e n t i o n   can   be  u s e d   to  i n j e c t   p a r t i c l e s   o t h e r   t h a n  

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

c a l c i u m   c a r b i d e   or  c a l c i u m   s i l i c i d e .  



1.  A  m e t h o d   of  m a k i n g   an  a d d i t i o n   of  p a r t i c u l a t e   m a t e r i a l  

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

d i r e c t i n g   l a r g e   d e n s e   p a r t i c l e s   i n t o   the   b a t h   and   c h a r a c t e r - .  

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

m a t e r i a l   to  a  v e l o c i t y   of  n o t   l e s s   t h a n   2200  c m / s  

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

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

and   f l u i d   a r e   i n t r o d u c e d   t h r o u g h   a  n o z z l e   (23 )   of  a  

l a n c e   (11)   i m m e r s e d   i n   t h e   b a t h .  

3.  A  m e t h o d   a c c o r d i n g   to  C l a i m   2,  w h e r e i n   t h e   p a r t i c u l a t e  

m a t e r i a l   i s   a c c e l e r a t e d   by  a  gas   to  s u c h   a  v e l o c i t y  

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

4.  A  m e t h o d   a c c o r d i n g   to  a n y o n e   of  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   p a r t i c l e s   a r e   a c c e l e r a t e d   by  a  gas   i n   a n  

a c c e l e r a t i n g   means   (45)   c o m p r i s i n g   a  p r i m a r y   d i v e r g i n g  

p a s s a g e   (52 )   f o r   t h e   p a r t i c u l a t e   m a t e r i a l   d o w n s t r e a m   o f  

a  r e s t r i c t e d   t h r o a t   ( 5 1 a )  a n d   a t   l e a s t . o n e   s e c o n d a r y  

p a s s a g e   (57 )   f o r   a d m i t t i n g   s e c o n d a r y   f l u i d   to  t h e  

d i v e r g i n g   p a s s a g e   (52)   so  t h a t ,   i n   u s e ,   as   f l u i d   u n d e r  

p r e s s u r e   e n t e r s   t h e   d i v e r g i n g   p a s s a g e   (52 )   i t   e x p a n d s  
and   a c c e l e r a t e s   t h e   p a r t i c u l a t e   m a t e r i a l .  

5.  A  m e t h o d   a c c o r d i n g   to  C l a i m   4  w h e r e i n   t h e   l o n g i t u d i n a l  
a x i s   o f  t h e   or  e a c h   s e c o n d a r y   p a s s a g e   (57)   h a s   a  c o m p o n e n t  

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

m a t e r i a l .  

6.  An  a p p a r a t u s   f o r   m a k i n g   an  a d d i t i o n   o f   p a r t i c u l a t e  

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

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

a t   one  end  of  t h e   p a s s a g e ,   means   to  c o n n e c t   t h e   o t h e r   e n d  



of  t h e   p a s s a g e   t   a  s u p p l y   of  a d d i t i o n ,   and  means   t o  

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

p a s s a g e   (50 )   i s   s u c h   t h a t   t h e   a d d i t i o n   m a t e r i a l   i s  

a c c e l e r a t e d ,   as  a  r e s u l t   of  i n t r o d u c t i o n   of  t he   f l u i d  

i n t o   t he   p a s s a g e   (50)   to  a  v e l o c i t y   of  n o t   l e s s   t h a n  

2200   c m / s .  

7.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   6,  w h e r e i n   a  n o z z l e   ( 2 3 )  

i s   l o c a t e d   a t   t he   end  of  a  l a n c e   ( l l )   a d a p t e d ,   i n   u s e ,  

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

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

n o z z l e   (23)   a t   a  d e s i r e d   l o c a t i o n   w i t h i n   t h e   b a t h .  

8.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   6  o r   7,  w h e r e i n   t h e  

p a s s a g e   (50 )   i s   f o r m e d   to  p r o v i d e   a c c e l e r a t i n g   means   ( 4 5 )  

c o m p r i s i n g   a  p r i m a r y   d i v e r g i n g   p a s s a g e   (52)   f o r   t h e  

p a r t i c u l a t e   m a t e r i a l   d o w n s t r e a m   of  a  r e s t r i c t e d   t h r o a t   ( 5 1 a )  

and   a t   l e a s t   one  s e c o n d a r y   p a s s a g e   (57)   f o r   a d m i t t i n g  

s e c o n d a r y   f l u i d   to  t h e   d i v e r g i n g   p a s s a g e   (52)   a t   o r  

d o w n s t r e a m   of  t h e   t h r o a t   ( 5 1 a )   so  t h a t ,   i n   u s e ,   as  f l u i d  

u n d e r   p r e s s u r e   e n t e r s   t he   d i v e r g i n g   p a s s a g e   (52)   i t  

e x p a n d s   and  a c c e l e r a t e s   t he   p a r t i c u l a t e   m a t e r i a l .  

9.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   8,  w h e r e i n   t he   l o n g i t u d i n a l  

a x i s   of  t he   or  e a c h   s e c o n d a r y   p a s s a g e   (57)   has   a  c o m p o n e n t  

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

m a t e r i a l .  

10 .   A p p a r a t u s   a c c o r d i n g   to  C l a i m   7,  or  C l a i m   8  or  C l a i m   9 

when   d e p e n d e n t   u p o n   C l a i m   7,  w h e r e i n   t he   a d d i t i o n   m a t e r i a l  

i s   s u p p l i e d   f rom  a  r e s e r v o i r   ( 1 3 ) ,   f i x e d   to  the   o t h e r   e n d  

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

p r o v i d e d   w i t h   means   (68)   f o r   c o n n e c t i n g   t h e   i n t e r i o r   of  t h e  

v e s s e l   to  a  s u p p l y   of  i n e r t   g a s ,   or  o t h e r   f l u i d   u n d e r   p r e s s u r e .  
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