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@  Improved  continuous  lubrication  casting  molds. 

A  method  and  apparatus  for  continuously  casting  mol- 
ten  metals  and  alloys  is  disclosed  wherein  a  lubricating 
agent  is  supplied  over  substantially  the  whole  of  the  mold 
surface  5  through  an  inner  mold  member  2  which  extends 
the  length  of  the  mold  and  which  is  porous.  Lubricant  is  fed 
to  the  porous  member  2  via  a  lubricant  plenum  7  surroun- 
ding  the  porous  member.  Coolant  is  fed  to  a  coolant  cham- 
ber  9  from  a  cooling  jacket  10  to  effect  cooling  of  the  lu- 
bricant  by  heat  transfer  through  the  dividing  wall  11. 



T h e  i n v e n t i o n   r e l a t e s   t o   c o n c e p t s   and  m e a n s   f o r  

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

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

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

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

t o   e x t r a c t   h e a t   f r o m   t h i s   m e t a l   t o   f o r m   a  s o l i d  

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

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

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

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

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

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

w a l l   h a s   a  s u b s t a n t i a l   e f f e c t   on  t h e   s u r f a c e  q u a l i t y  

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

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

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

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

s u r f a c e .  

I n  a   c o n t i n u o u s   o r   s e m i - c o n t i n u o u s   c a s t i n g   t h e  

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

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

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

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

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

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

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

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

L u b r i c a t i o n   in   c o n t i n u o u s   o r   s e m i - c o n t i n u o u s  

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

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

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



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

n o n - m e t a l l i c   p a r t i c u l a t e .   T h e y   h a v e   a   s h o r t   l i f e  

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

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

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

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

r e s t r i c t e d   t o   t h i s   m e n i s c u s   r e g i o n .   S u c h   c o n t i n u o u s  

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

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

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

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

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

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

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

I t   i s   w e l l  k n o w n  t h a t   m e t a l - m o l d   c o n t a c t   a l s o   o c c u r s  

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

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

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

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

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

i n s t a n c e s ,   w h i c h   a r e   n u m e r o u s ,   t h e   a f o r e m e n t i o n e d  

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

as  t h e   h e a t   e x t r a c t i o n   m e a n s   a f f o r d e d   by  t h e   c a s t i n g  

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

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

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

V a r i o u s   a p p r o a c h e s   h a v e . b e e n   t a k e n   i n   t h e   p r i o r  

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

m o l d   s u r f a c e s .   One  a p p r o a c h   u t i l i z e s   a  s u p p l y   o f  

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

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

s u c h   an  a p p r o a c h   a r e   d e p i c t e d   i n   F r e n c h   P a t e n t   N o .  

1 , 0 5 0 , 3 7 5 ,   U n i t e d   S t a t e s   P a t e n t s   3 , 2 6 3 , 2 8 3 ,   4 , 0 5 7 , 1 0 0 ,  

4 , 1 0 3 , 7 3 2 ,   4 , 1 5 7 , 7 2 8   a n d   G e r m a n   P a t e n t   7 4 2 , 7 7 1 .  

The  F r e n c h   P a t e n t   3 7 5   a n d   t h e   U n i t e d   S t a t e s  

P a t e n t s   ' 2 8 3 ,   ' 1 0 0   a n d   1728   g e n e r a l l y   u t i l i z e   e i t h e r  



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

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

e n d   t h e r e o f ,   w h i l e   U n i t e d   S t a t e s   P a t e n t   ' 7 3 2   u t i l i z e s  

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

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

The   r i n g   i n   t h e  ' 7 3 2   p a t e n t   i s   p r o v i d e d   w i t h   a  

p l u r a l i t y   o f . r a d i a l l y   i n w a r d l y   d i r e c t e d   l u b r i c a n t  

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

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

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

G e r m a n   P a t e n t   7 4 2 , 7 7 1   t e a c h e s   s u p p l y i n g   l u b r i c a n t  

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

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

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

m o l d .  

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

c a s t i n g   m o l d s   i s   d e p i c t e d   i n   U n i t e d   S t a t e s   P a t e n t  

2 , 8 2 5 , 9 4 7 .   T h i s   p a t e n t   i s   p r i m a r i l y   d i r e c t e d   t o  

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

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

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

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

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

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

l u b r i c a t i o n ,   B r i t i s h   P a t e n t   1 , 1 7 6 , 1 3 9   d i s c l o s e s  

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

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

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

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

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

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

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

L u b r i c a t i o n   i n   t h i s   s y s t e m ,   h o w e v e r ,   i s   i n t e r m i t t e n t  

due  t o   c a r b o n i z i n g   o f   t h e   o i l   a n d   c o n s e q u e n t   b l o c k a g e  

o f   t h e   i n t e r s t i c e s .   S u b s e q u e n t   c o m b u s t i o n   of   t h e  

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



. I n   U n i t e d   S t a t e s   P a t e n t   3 , 4 5 1 , 4 6 5   a  l u b r i c a n t  

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

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

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

m e m b e r   l o c a t e d   a d j a c e n t   t o   t h e   p a s s a g e   a n d   t h e   c h a m b e r .  

F i n a l l y ,   U n i t e d   S t a t e s   P a t e n t   4 , 0 4 4 , 8 1 7   t e a c h e s  

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

w i t h   l u b r i c a n t   u n d e r   a  v a c u u m .   The  ' 8 1 7   p a t e n t   i s  

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

d i e   o r   m o l d   a n d   n o t e s   t h a t   i n   some   p l a i n a b l e   m a n n e r  

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

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

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

c o n t i n u o u s   c a s t i n g .  

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

s u f f e r   f r o m   a t   l e a s t   two   b a s i c   d r a w b a c k s .   F i r s t ,  

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

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

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

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

o f   t h e   m o l d   s u r f a c e .   S e c o n d l y ,   i t   w o u l d   be   h i g h l y  

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

made   by  t h e s e   t e c h n i q u e s   p o s s e s s   a  c h a r a c t e r i s t i c  

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

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

As  an  a l t e r n a t i v e ,   t h e  

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

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

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

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

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

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

f a b r i c a t i o n   r o u t e .  

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

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

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

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

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

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

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

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



The  t e r m   p e r m e a b i l i t y   as   u s e d   h e r e i n -   d e f i n e s  

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

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

The  i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d   with  r e f e r e n c e   t o  

the  accompanying  drawings  which  i l l u s t r a t e   v a r i o u s   embodiments  

of  c o n t i n u o u s   c a s t i n g   molds  a c c o r d i n g   to  t h i s   i n v e n t i o n ,   l i k e  

r e f e r e n c e   numerals   be ing   used  to  d e p i c t   l i k e   p a r t s .  

In  the  d r a w i n g s :  

F igure   1  is  a  p a r t i a l   s e c t i o n   in  a cco rdance   wi th   t h i s  

i n v e n t i o n ,   showing  a  porous  mold  wal l   and  a  p e r i p h e r a l l y  

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

F igure   2  is  a  view  s i m i l a r   to  F igure   1  of  a  mo ld - in   a c c o r d -  

ance  wi th   a n o t h e r   embodiment  of  t h i s   i n v e n t i o n ,   showing  a  p o r o u s  

m o l d   wal l   hav ing   a  p l u r a l i t y   of  d i s t i n c t   un i fo rm  c r o s s - s e c t i o n  

l u b r i c a t i n g   pa s sages   t h e r e i n ,   and  f u r t h e r   showing  a  s u b s t a n t i a l l y  

f u l l   h e i g h t   l u b r i c a n t   plenum  hav ing   d i s t i n c t   l u b r i c a n t   s u p p l y  

channe l s   a long  the  l e n g t h   t h e r e o f .  

F igure   3  is  a  view  s i m i l a r   to  F igure   1  of  a  mold  in  a c c o r d -  

ance  wi th   a n o t h e r   embodiment  of  t h i s   i n v e n t i o n ,   showing  a  p o r o u s  

mold  wall   hav ing   a  p l u r a l i t y   of  d i s t i n c t   un i form  c r o s s - s e c t i o n  

l u b r i c a t i n g   pa s sages   of  v a r y i n g   s i z e s   t h e r e t h r o u g h .  

F igure   4  is  a  view  s i m i l a r   to  F i g u r e s   1  to  3  of  a  m o l d  

in  accordance   wi th   ano the r   embodiment  of  t h i s   i n v e n t i o n ,   showing  a  

porous  mold  wal l   hav ing   a  n o n - u n i f o r m   t a p e r e d   c r o s s - s e c t i o n .  

F igure   5  is  a  view  s i m i l a r   to  F i g u r e s   1  to  4  of  a  mold  i n  

accordance   with  yet   a n o t h e r   embodiment  of  t h i s   i n v e n t i o n ,   s h o w i n g  

a  porous  mold  wall   hav ing   a  non -un i fo rm  p a r t i c l e   d e n s i t y   or  p o r o s i t y  

a long  the  l e n g t h   t h e r e o f .  

F igure   6  is  a  s e c t i o n a l   view  in  accordance   wi th   t h i s  

i n v e n t i o n ,   showing  a  porous  mold  wal l   and  c o n t i n u o u s   l u b r i c a n t   p l e n u m .  

F igu re   7  is  a  p a r t i a l   s e c t i o n a l   view  in  acco rdance   w i t h  

t h i s   i n v e n t i o n ,   showing  a   p r e f e r r e d   embodiment  of  a  porous  m o l d  

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



Figure   8  is  a  p a r t i a l   s e c t i o n a l   view  of  a  h o r i z o n t a l  

c a s t i n g   a p p a r a t u s   employing  a  porous  mold  as  in  F igure   7 .  



R e f e r r i n g   t o   F i g u r e   1 ,   t h e r e   i s   s h o w n   t h e r e i n   a  

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

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

2 0   s h o w n   t h e r e i n   c o n s i s t s   i n   p a r t   o f   a  c a s t i n g   m o l d  

s e c t i o n  2   h a v i n g  a   c a s t i n g   s u r f a c e   5 ,   a  l u b r i c a n t  

c h a m b e r   o r   p l e n u m  7 ,   a n d   a  c o o l a n t   c h a m b e r   o r   p l e n u m  

9 .   L u b r i c a n t   c h a m b e r   o r  p l e n u m  7   i s  f o r m e d  b y  

c a s t i n g   m o l d   s e c t i o n  2   o n   one  s i d e   a n d   by  l u b r i c a n t  

c h a m b e r  w a l l   11  o n  t h e   o t h e r ,   a n d   i s   s u p p l i e d   w i t h  

l u b r i c a n t   v i a   t h e   l u b r i c a n t   s u p p l y   c o n d u i t  1 5 .  

C i r c u l a t e d   l u b r i c a n t   i s   r e t u r n e d   v i a   r e t u r n   c o n d u i t  

17 .   C o o l a n t   c h a m b e r   o r   p l e n u m  9   i s   f o r m e d   on  t w o  

s i d e s   by  c o o l a n t   w a l l  8   a n d   c h a m b e r   w a l l   11.   C o o l a n t  

j a c k e t   10  i s   c o n n e c t e d   by  p l u r a l i t y   o f   c o o l a n t   f l o w  

c h a n n e l s   13  f o r m e d   i n   c o o l a n t   w a l l  8   t o   c o o l a n t   p l e n u m  

9 ,  a n d   s u p p l i e s   c o o l a n t   v i a   c h a n n e l s   13  t o   p l e n u m   9 .  

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

t o p   p l a t e   1 8 .  

As  an  a l t e r n a t i v e   t o   p r o v i d i n g   c i r c u l a t i o n   o f  

l u b r i c a n t   i n  l u b r i c a n t   p l e n u m   7 ,   l u b r i c a n t   c an   b e  

s u p p l i e d   to   p l e n u m  7   v i a   a  s u p p l y   m e a n s   s u c h   as  s u p p l y  

c o n d u i t   1 5 ,   b u t  t h e r e a f t e r   t h e   l u b r i c a n t   c a n   b e  

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

c i r c u l a t e d .   In   s u c h   a  c a s e   r e t u r n   c o n d u i t   17  i s  

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

As  c a n   be  s e e n   f r o m   F i g u r e   1,  l u b r i c a n t   may  b e  

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

c h a m b e r   o r   p l e n u m  7   w h i c h   c o v e r s   t h e   t o t a l   o u t e r  

s u r f a c e   o f   c a s t i n g   m o l d   s e c t i o n   2.  T h i s   l u b r i c a n t  

c h a m b e r   o r   p l e n u m  7  i s   b a c k e d   by  t h e   s e c o n d   c h a m b e r  

o r  p l e n u m  9   w h i c h   c o n t a i n s   t h e   c o o l a n t ,   t y p i c a l l y  

w a t e r .   The  w a l l   b e t w e e n   t h e s e   two  c h a m b e r s ,   i n   t h i s  

c a s e   l u b r i c a n t   c h a m b e r   w a l l   11 ,   s h o u l d   be  s o l i d  

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

o r   a l u m i n u m .  



I n   t h e   e m b o d i m e n t   o f   F i g u r e   1  t h e   w a t e r   o r   o t h e r  

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

s o l i d i f y i n g   an  i n g o t   s h e l l .   T h i s   w a t e r   c an   t h e r e a f t e r  

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

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

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

w i t h   t h i s   i n v e n t i o n   i s   t h a t   u n l i k e   o t h e r   k n o w n   p r i o r  

a r t   c a s t i n g   m o l d s   t h e   l u b r i c a n t   i n   c a s t i n g   m o l d   2 0  

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

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

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

f i l l i n g   t h e   gap  f o r m e d   by  s h r i n k a g e   b e t w e e n   t h e   m o l d  

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

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

20  i n   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 s   t h e  

a b i l i t y   o f  t h e   l u b r i c a n t   s u p p l y   s y s t e m   o f   m o l d   20  t o  

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

s u r f a c e  5   q u i c k l y ,   c o n t i n u o u s l y   a n d   e f f i c i e n t l y ,   a n d  

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

o f   u t i l i z i n g   a  l u b r i c a n t   c h a m b e r   o r   p l e n u m  7   r u n n i n g  

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

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

2 .  

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

p e r m e a b i l i t y   of   t h e   c a s t i n g   m o l d   s e c t i o n  2   c a n   b e  

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

o r   c y l i n d r i c a l   f e e d   h o l e s   1 2 ,   as  d e p i c t e d   i n   F i g u r e  

2.  S u c h   h o l e s   can   be  m a c h i n e d   i n t o   t h e   m o l d   b e f o r e  

or   a f t e r   t h e   s i n t e r i n g   o p e r a t i o n ,   o r   can   b e  

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

o f   w i r e s ,   f i b e r s   o r   o t h e r   s u i t a b l e   m e d i a .   Use  o f  

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

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

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

f r o m   t h e   " g r e e n "   b o d y   p r i o r   to   s i n t e r i n g .  

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



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

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

t e c h n i q u e s   may  be  g e o m e t r i c a l l y   a r r a n g e d   a t   w i l l   t o  

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

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

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

In   t h e   c a s e  o f   t h e   F i g u r e   2  e m b o d i 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 ,   l u b r i c a n t   p l e n u m  7   h a s   b e e n   p r o v i d e d  

w i t h   a  s e r i e s   o f   p e r i p h e r a l   v e r t i c a l   r i b s   16  w h i c h   f o r m  

a  s e r i e s   o f   v e r t i c a l   c h a n n e l s   14 .   L u b r i c a n t   p l e n u m  7  

i n   t h i s   e m b o d i m e n t   i s   p r o v i d e d   w i t h   a  m a i n   h e a d e r   1 9  

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

s u p p l i e d   t o   m a i n   h e a d e r   19  a n d   i s   t h e n   f e d   t o   t h e  

v e r t i c a l   c h a n n e l s   14  w h i c h   r u n   down  t h e   l e n g t h   o f   t h e  

c a s t i n g   m o l d   20  and   c a s t i n g   m o l d   s e c t i o n   2.  W h i l e  

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

l u b r i c a n t   t o   a  p o r o u s   c a s t i n g   m o l d   s e c t i o n   2,  as  s h o w n  

i n   F i g u r e   1;   i t   i s   p a r t i c u l a r l y   s u i t a b l e   w h e r e  

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

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

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

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

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

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

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

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

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

d e p i c t e d   i n   F i g u r e   1.  I t   s h o u l d   a l s o   be  e m p h a s i z e d  

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

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

h o l e s '  1 2 ,   i n a s m u c h   as  t h e   i n t r i n s i c   p e r m e a b i l i t y   o f  

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

t h r o u g h   t h e   m o l d .   I n   o t h e r  w o r d s ,   g r e a t e r  c o v e r a g e  



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

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

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

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

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

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

b a c k e d   by  a  w a t e r   c o o l i n g   p l e n u m .  

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

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

c a s t i n g   s u r f a c e  5   i s   d e p i c t e d   i n   F i g u r e   3..  The  f e e d  

h o l e s   1 2 '   a r e   s h o w n   t h e r e i n   to   be  o f   v a r y i n g   c r o s s -  

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

c a s t i n g   m o l d   s e c t i o n   2,  i . e . ,   t h e   f e e d   h o l e s   1 2 '  

a r e   l a r g e s t   a t   t h e   t o p   p o r t i o n   o f   m o l d   s e c t i o n   2 ,   a n d  

g e t   p r o g r e s s i v e l y   s m a l l e r   i n   t r a v e l i n g   down  t o w a r d  

t h e   b o t t o m   o f   m o l d   s e c t i o n   2.  I t   s h o u l d   be  a p p a r e n t  

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

c r o s s - s e c t i o n a l   d i m e n s i o n s   o f   f e e d   h o l e s   1 2 '   c a n   b e  

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

l u b r i c a n t   t o  c r i t i c a l   a r e a s   o f   c a s t i n g   s u r f a c e  5   o f  

m o l d   s e c t i o n   2.  F i g u r e  3   d e p i c t s   an  e m b o d i m e n t   w h e r e  

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

u p p e r   a r e a   o f   c a s t i n g   m o l d   20  t o   o v e r c o m e   t h e   e f f e c t  

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

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

i n t o   c o n t a c t   w i t h   c a s t i n g   s u r f a c e   5.. 

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

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

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

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

m o l d .   M o l d s   made  by  t h i s   p r o c e s s   p o s s e s s   a  

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

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

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

d e t e r m i n e s   t h e   r a t e   l u b r i c a n t   can   be  t r a n s f e r r e d  

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



F i g u r e   4  d e p i c t s   a  p r e f e r r e d   e m b o d i m e n t   o f   t h i s  

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

t h r o u g h  t o   t h e   i n t e r n a l   s u r f a c e  o f   m o l d   s e c t i o n   2 "   i s  

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

2 "   a l o n g   t h e   l e n g t h   t h e r e o f ,   t h e   r a t e   b e i n g   l o w e r   as  i t  

g e t s   t h i c k e r ,   o r   i n   t h e   c a s e   o f   F i g u r e   4 ,   i n   t r a v e l i n g  

down  t h e   l e n g t h   o f   t h e   c a s t i n g   m o l d   2 0 .  

F i g u r e " 5   s h o w s   y e t   a n o t h e r   p r e f e r r e d   e m b o d i m e n t   i n  

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

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

o f   c a s t i n g   m o l d   s e c t i o n   2 ' ' '   a l o n g  s u b s t a n t i a l l y   t h e  

e n t i r e   l e n g t h   t h e r e o f .   As  c a n   be  s e e n   f r o m   F i g u r e   5 ,  

t h e   c a s t i n g   m o l d   s e c t i o n  2 ' ' '   h a s   an  o p e n   p o r e   f r a c t i o n  

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

l e n g t h   o f   c a s t i n g   m o l d   20 .   The  p e r m e a b i l i t y   o f  

c a s t i n g   m o l d   s e c t i o n  2 ' ' '  t h u s   d i m i n i s h e s   i n   t r a v e l i n g  

i n   t h i s   d i r e c t i o n   a l o n g   c a s t i n g   s u r f a c e  5   o f   c a s t i n g  

m o l d   s e c t i o n   2 ' ' ' .   As  d i s c u s s e d   h e r e i n a b o v e ,   t h e  

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

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

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

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

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

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

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

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

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

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

d i f f e r e n t   p a r t s   o f   t h e   c a s t i n g   s u r f a c e .   By  t h i s   - 

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

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

o t h e r   r e g i o n s   as   d e s i r e d .  

R e f e r r i n g   now  t o   F i g u r e   6  t h e r e   i s   s h o w n   by  w a y  
o f   e x a m p l e   a  c a s t i n g   m o l d   i n   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   f o r   c o n t i n u o u s l y   o r   s e m i - c o n t i n u o u s l y  

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



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

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

t h e   a p p a r a t u s .  T h e  a p p a r a t u s   i s   s h o w n   i n   o p e r a t i o n  

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

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

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

s e c t i o n  2   a s  s h o w n   c a n   be  c o n s t r u c t e d   i n   t h e   m a n n e r   a s  

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

S u r r o u n d i n g   t h e   c a s t i n g   m o l d   s e c t i o n   2  a r e   a  l u b r i c a n t  

c h a m b e r   o r   p l e n u m  7   a n d   a  c o o l a n t   c h a m b e r   o r   p l e n u m   9 .  

L u b r i c a n t   i s   s u p p l i e d   t o   t h e   l u b r i c a n t   p l e n u m  7   v i a  

s u p p l y   c o n d u i t   15  a n d   s u r r o u n d i n g   p r e s s u r e  

e q u a l i z a t i o n   c h a m b e r   2 1   w h i c h   i s   c o n n e c t e d   to   t h e  

l u b r i c a n t   p l e n u m  7   by   m e a n s  o f   a  s l o t   o r   s l o t s   2 2 .  

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

p l e n u m  7   a n d   e x i t s   t h e r e f r o m   v i a   s l o t   o r   s l o t s   23  a n d  

r e t u r n   c o n d u i t   1 7 .   The  s l o t s   22  a n d   23  a r e   f o r m e d   i n  

t h e   l u b r i c a n t   c h a m b e r   w a l l   11.   In   t h i s   m a n n e r ,  

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

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

S  o f   t h e   c a s t i n g  m o l d   s e c t i o n   2  t o   p r o v i d e   a  

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

s e c t i o n   2  e m e r g i n g   a t   c a s t i n g  s u r f a c e   5.  I f   d e s i r e d ,  

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

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

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

t h e   c a s t i n g   m o l d   s e c t i o n   2  c a n   be  made  l a r g e r   t h a n  

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

m o l d  s e c t i o n  2   as  s h o w n   i n   F i g u r e   4 .  
C o o l a n t   s u c h   as  w a t e r   f l o w s   i n t o   t h e   c o o l a n t  

j a c k e t   o r   p r e s s u r e   e q u a l i z a t i o n   c h a m b e r  1 0   v i a   o n e  

o r  m o r e   f l u i d   i n p u t   c o n d u i t s  2 4 .   The  c o o l a n t   t h e n  

f l o w s   t h r o u g h  c o o l a n t   f l o w   c h a n n e l s   o r   s l o t s  1 3   i n t o  

t h e   c o o l a n t   p l e n u m   9.  F r o m   t h e   p l e n u m  9   t h e   c o o l a n t  

i s   d i s c h a r g e d   t h r o u g h   d i s c h a r g e   s l o t   25  o n t o   t h e  

e m e r g i n g   s u r f a c e   o f   t h e   s o l i d i f y i n g   c a s t i n g   2 7 .  



C o o l i n g   to   s o l i d i f y   a  s h e l l   o f   t h e  m o l t e n   m a t e r i a l  

2 8   w i t h i n   t h e   m o l d   i s   p r o v i d e d   p r i m a r i l y   by  t h e  

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

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

e m b o d i m e n t   t h a t   t h e   l u b r i c a n t   be  c i r c u l a t e d   t h r o u g h  

t h e   l u b r i c a n t   p l e n u m  7   a n d .  t h a t   a t   a  r e m o t e   l o c a t i o n  

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

t o   c o o l   i t   so  t h a t  i t   w i l l   p r o v i d e   a p p r o p r i a t e   c o o l i n g  

a t   t h e  m o l d   i n t e r f a c e .   T h e r e f o r e ,   i n   a c c o r d a n c e   w i t h  

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

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

d i s c h a r g i n g   w a t e r   f r o m   s l o t   25  p r o v i d e s   a  s e c o n d a r y  

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

I t   i s   w i t h i n   t h e   c o n t e m p l a t i o n   o f   t h i s  

e m b o d i m e n t   o f   t h e   i n v e n t i o n   t o   p r o v i d e   r i b s   16  as  i n  

t h e   e m b o d i m e n t s   o f   F i g u r e s   2  a n d   3  t o . n o t   o n l y   d i r e c t  

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

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

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

m o l d   s e c t i o n   2  a n d   t h e   w a t e r   c o o l a n t   p l e n u m   9.  T h e s e  

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

t h e   l u b r i c a n t   p l e n u m   7  b u t   a l s o   to   p r o v i d e   i m p r o v e d  

h e a t  t r a n s f e r   b e t w e e n   t h e   w a t e r   c o o l e d   p l e n u m  9   a n d  

t h e   m o l d . s u r f a c e   5.  H o w e v e r ,   i t   i s   n o t   b e l i e v e d  

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

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

f u n c t i o n   t h e y   c an   p r o v i d e   i s   r e q u i r e d .   I t   i s   a p p a r e n t  

t h a t   f e e d   h o l e s   12  o r   1 2 '   o f   v a r y i n g   c r o s s   s e c t i o n .  

c o u l d   a l s o   be  e m p l o y e d   i n   t h e   m o l d   o f   F i g u r e   6 . .  

F u r t h e r ,   t h e   c a s t i n g   m o l d   s e c t i o n  2   c a n  i n c l u d e   a  

v a r y i n g   t h i c k n e s s   as  d e s c r i b e d   i n   r e f e r e n c e   t o   F i g u r e  

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

r e f e r e n c e   to   F i g u r e   5 .  

R e f e r r i n g   now  t o   F i g u r e s   7  a n d  8 ,   a  s t i l l   m o r e  

p r e f e r r e d   e m b o d i 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   w i l l  



be  d e s c r i b e d .   I n   a c c o r d a n c e   w i t h   t h i s   e m b o d i m e n t   t h e  

m o l d   c an   be  e m p l o y e d   f o r   e i t h e r   v e r t i c a l  o r   h o r i z o n t a l  

c a s t i n g   i n   a  s e m i - c o n t i n u o u s   o r   c o n t i n u o u s   m a n n e r .  

T h e  v e r t i c a l   c a s t i n g   mode  i s  s h o w n   i n   F i g u r e   7  w h i l e  

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

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

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

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

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

s e n s e .  

R e f e r r i n g   now  t o   F i g u r e s   7  a n d   8 ,   t h e   c a s t i n g   m o l d  

s e c t i o n  2   i s   e s s e n t i a l l y   as  d e s c r i b e d   by  r e f e r e n c e   t o  

t h e   p r e v i o u s   e m b o d i m e n t s   p a r t i c u l a r l y   F i g u r e   6.  I t  

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

t o p   o f   t h e   m o l d   t o p   p l a t e   30  t o   t h e   b o t t o m   o f   t h e  

l u b r i c a n t   p l e n u m   3 1 .  T h e   w a l l   t h i c k n e s s   t h e n   t a p e r s  

down  o v e r   t h e   l e n g t h   o f   t h e  w a t e r   o r   c o o l a n t   a p p l i -  

c a t i o n   p l e n u m   3 2 .  

I t   i s  r e c o g n i z e d   as  p r e v i o u s l y   d e s c r i b e d   h e r e i n  

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

l u b r i c a n t   f r o m   t h e   l u b r i c a n t   p l e n u m   31  t o   a  p o r t i o n   o f  

t h e   c a s t i n g   s u r f a c e   5  h i g h e r   t h a n   t h e   h e i g h t   o f   t h e  

l u b r i c a n t   p l e n u m   31  a n d   l o w e r   t h a n   t h e   h e i g h t  o f   t h e  

l u b r i c a n t   p l e n u m   31.   The  l u b r i c a n t   p l e n u m   3 1  

s u r r o u n d s   t h e   c a s t i n g   m o l d   s e c t i o n   33  as  i n   t h e  

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

i s   c o n n e c t e d   t o   l u b r i c a n t   p l e n u m   31  v i a   p r e s s u r e  

e q u a l i z a t i o n   c h a m b e r   3 5  a n d   s l o t   o r   s l o t s   3 6 .  

S i m i l a r l y ,   t h e   l u b r i c a n t   p l e n u m   31  i s   c o n n e c t e d   t o  

t h e   r e t u r n   c o n d u i t   37  v i a   p r e s s u r e   e q u a l i z a t i o n -  

c h a m b e r   38  a n d   s l o t   o r   s l o t s   39.   In   t h i s   m a n n e r   a  

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

i n   t h e   l u b r i c a n t   p l e n u m .  

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

l u b r i c a n t   p l e n u m   31  p r e s s u r e   e q u a l i z a t i o n   c h a m b e r   3 8  



i s   c a r r i e d   by  r e t u r n   c o n d u i t   3 7  t o   a  p u m p  4 0   w h i c h  

p u m p s   t h e  l u b r i c a n t   i n t o   h e a t   e x c h a n g e r   '41  w h o s e  

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

t o  a   t e m p e r a t u r e   w h i c h   w i l l   be   e f f e c t i v e   f o r   h e a t  

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

f r o m   t h e   h e a t   e x c h a n g e r   41   by  t h e   p u m p  4 0   t h r o u g h   t h e  

i n p u t   c o n d u i t   34  b a c k   i n t o   t h e  l u b r i c a n t   a p p l i c a t i o n  

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

t h e  c i r c u l a t i n g   f l o w   as  r e q u i r e d   f r o m   s u p p l y   42  t o   m a k e  

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

w h i c h   f l o w s   o u t   t h r o u g h   t h e   p o r o u s   m o l d   s e c t i o n  2 .  

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

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

43 .   The  c o o l a n t   a p p l i c a t i o n   s y s t e m   43  c o m p r i s e s  

s u p p l y   c o n d u i t   o r   c o n d u i t s   44  w h i c h   p r o v i d e   a  f l o w   o f  

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

c h a m b e r   45  t h r o u g h   s l o t   o r   s l o t s  4 6   i n t o   t h e   c o o l a n t  

p l e n u m   47  a n d   t h e n   t h r o u g h   s l o t   o r   s l o t s   48  d i s c h a r g i n g  

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

s l o t   4 9 .   The  d i s c h a r g e   s l o t   i s   f o r m e d   on  one   s i d e   b y  

t h e   w a l l   50  a n d   on  t h e   o t h e r   s i d e   by  an  i m p e r v i o u s  

l a y e r   51  o v e r   t h e   i n n e r   s u r f a c e   o f   t h e   c a s t i n g   m o l d  

s e c t i o n   3 3  w h i c h   t a p e r s   down  i n   t h i c k n e s s   o v e r   t h e  

l e n g t h   o f   t h e   c o o l a n t   a p p l i c a t i o n   s y s t e m   43 .   T h i s  

i m p e r v i o u s   l a y e r   51  c a n   be  a  s o l i d   m e t a l   l a y e r ,   a  

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

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

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

f r o m   t h e   p l e n u m   31  c an   p a s s   e v e n   t o   t h e   d o w n s t r e a m  

t i p   o f   t h e   p o r o u s   m o l d   s e c t i o n   33.   The  c a s t i n g  i s  

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

r a m  5 2   a n d   b o t t o m   b l o c k   5 3 .  

In   F i g u r e  7   t h e   s u p p l y   s y s t e m   f o r   t h e   m o l t e n  

m a t e r i a l  2 8   i s   n o t   s h o w n .   H o w e v e r ,   a n y  d e s i r e d  

s y s t e m   as  a r e   w e l l - k n o w n   i n   t h e   a r t   c o u l d   be  e m p l o y e d .  
In   t h i s  m o l d   e m b o d i m e n t   t h e   l u b r i c a n t   a p p l i c a t i o n  



s y s t e m   31  a n d   t h e   c o o l a n t   a p p l i c a t i o n   s y s t e m   b o t h  

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

l u b r i c a n t   a p p l i c a t i o n   s y s t e m   3 1   s u r r o u n d s   a  f i r s t  

p o r t i o n   o f  t h e   c a s t i n g   m o l d   s e c t i o n  2   l e n g t h  a n d   t h e  

c o o l a n t   a p p l i c a t i o n   s y s t e m  4 3   s u r r o u n d s   a  d i f f e r e n t  

a n d   d o w n s t r e a m   p o r t i o n   o f   t h e   c a s t i n g   m o l d   s e c t i o n   2 .  

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

a n d   s e c o n d a r y   c o o l i n g   i s   p r o v i d e d   by  t h e   c o o l a n t .  

I f   d e s i r e d ,   as   i n   a c c o r d a n c e   w i t h   any   o f   t h e  

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

o f   F i g u r e s   7   a n d  8   t o   e m p l o y   f e e d   h o l e s   12  o r   12 '   o f  

v a r y i n g   c r o s s   s e c t i o n .   V e r t i c a l   r i b s   16  b e t w e e n   t h e  

p l e n u m   w a l l   54  a n d   t h e   i n n e r   c a s t i n g   m o l d   s e c t i o n  

s u r f a c e   55  w o u l d   a l s o   be  o f   v a l u e   i f   d e s i r e d   f o r  

i n c r e a s i n g   t h e   h e a t   t r a n s f e r   by  t a k i n g   a d v a n t a g e   o f   t h e  

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

v i a  t h e   w a l l   54  and   w a l l s   56  a n d   57  w h i c h   s e p a r a t e   t h e  

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

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

t h e   e m b o d i m e n t   of   F i g u r e s   7  o r   8.  F u r t h e r ,   v a r y i n g  

t h e   t h i c k n e s s  o f   t h e   c a s t i n g   m o l d   s e c t i o n   2  o r   t h e  

v a r y i n g   t h e   o p e n   p o r e   f r a c t i o n   as  i n   F i g u r e s   4  a n d   5 

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

8  a n d . 9 .  

R e f e r r i n g   now  t o   F i g u r e  6 ,   t h e   m o l d   i s   i n   e v e r y  

s e n s e   t h e   same   as  d e s c r i b e d   by  r e f e r e n c e   t o   F i g u r e  7 '  

e x c e p t   i t   i s   o r i e n t e d   so  t h a t   t h e   c a s t i n g   i s   w i t h d r a w n  

h o r i z o n t a l l y .   I n   F i g u r e   8  t h e   m o l t e n   m a t e r i a l   s u p p l y  

s y s t e m   i s   s h o w n .   I t   c o m p r i s e s   a  p a r t i a l l y   s h o w n  

f u r n a c e   6 0 ,   t r o u g h   6 1 ,   m o l t e n   m e t a l   f l o w   c o n t r o l  

s y s t e m   o r   v a l v e   62  w h i c h   c o n t r o l s   t h e   f l o w   o f   m o l t e n  

m a t e r i a l   f r o m   t h e   t r o u g h  6 1   t h r o u g h   t h e   d o w n s p o u t  6 3  

i n t o   t h e   t u n d i s h   64 .   The  c o n t r o l   s y s t e m   62  c o n t r o l s  

t h e   h e i g h t   o f   t h e   m o l t e n   m a t e r i a l   i n   t h e   t u n d i s h   6 4  

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

i n t o  t h e  m o l d .   The  m o l t e n - m a t e r i a l   e x i t s   f r o m   t h e  



t u n d i s h   h o r i z o n t a l l y   v ia   condu i t   65  which  is  in  d i r e c t   communica-  

t i o n   with  the  e n t r a n c e   to  the  c a s t i n g  m o l d .   The  s o l i d i f y i n g  

c a s t i n g   27  is  wi thdrawn  by  w i t h d r a w a l   mechanism  66.  The  w i t h d r a w a l  

mechanism  p r o v i d e s   the  dr ive   to  t h e  c a s t i n g   27  for   w i t h d r a w i n g   i t  

from  the  mold  s e c t i o n .   Any  d e s i r e d   w i thd rawa l   system  66  as  a r e  

known  in  the  a r t   could  be  emp loyed .  

This  embodiment  is   adap ted   for   c a s t i n g   h o r i z o n t a l l y   a  

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

o t h e r s   as  d e s i r e d .  

I t   has  been  found  t h a t   l u b r i c a n t   flow  r a t e s   t h rough   t h e  

permeable   c a s t i n g   mold  s e c t i o n   are  d e s i r a b l y   in  the  range  of  a b o u t  

.1  to  10  c c / i n 2 / m i n ,   (0 .016  to  0.16  cc /cm2/min)   with  a  p r e f e r r e d  

r a t e  i n   the  r a n g e  o f   about  .5  to  5  c c / i n 2 / m i n   (0 .08  to  0.8  c c / c m 2 / m i n ) .  

While  the  p e r m e a b i l i t y   is  s u b s t a n t i a l l y   dependent   u p o n  

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

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

l u b r i c a n t   plenum  a  p r e s s u r e   drop  ac ross   the  mold  s e c t i o n   from  t h e  

l u b r i c a n t   plenum  s ide  to  the  c a s t i n g   s ide  t h e r e o f   in  the  range  o f  

about  .01  to  5  ps i   (0 .07  to  35  kN/m2)  is  no rma l ly   d e s i r a b l e ,   w i t h  

a  p r e f e r r e d  p r e s s u r e   drop  be ing   in  the  range  of  about  .1  t o  

l p s i   (0.7  to  7  kN/m2).  In  the  embodiment  where  the  l u b r i c a n t   i s  

not-  c i r c u l a t e d   t h rough   the  plenum,  i t  i s   d e s i r a b l e   to  m a i n t a i n  

l u b r i c a n t   in  the  plenum  at  a  p r e s s u r e   in  the  range  of  about  1  t o  

100  ps i   (7  to  700  kN/m2),  and  p r e f e r a b l y   in  the  range  of  a b o u t  

5  to  50  ps i   (3.5  to  350  kN/m2) .  

I t   is  env i saged   t h a t   t h i s   i n v e n t i o n   can  be  used  f o r  

c a s t i n g   a l l   meta l s   and  a l l o y s .   S e l e c t i o n   of  the  mold  m a t e r i a l ,  

mold  p e r m e a b i l i t y ,   l u b r i c a n t ,   e t c . ,   w i l l   be  dependent   upon  t h e  

p a r t i c u l a r   a l l o y   or  metal   be ing   c a s t .   A c c o r d i n g l y ,   the  mold  m a t e r i a l  

may  be  s e l e c t e d   from  copper ,   aluminum,  or  o the r   me ta l s   and  a l l o y s ,  

g r a p h i t e ,   boron  n i t r i d e   or  o the r   t h e r m a l l y   c o n d u c t i v e   m a t e r i a l s .  

The  l u b r i c a n t   may  be  s e l e c t e d   from  c a s t o r   o i l ,   r a p e s e e d   o i l ,   o t h e r  

v e g e t a b l e   or  animal  o i l s ,   e s t e r s ,   p a r a f f i n s ,   o the r   s y n t h e t i c   l i q u i d s ,  

and any  o the r   s u i t a b l e   l u b r i c a n t s   t y p i c a l l y   u t i l i z e d   in  the  c a s t i n g   a r t s .  



I t   should  be  a  s u b s t a n t i a l   advan tage   of  the  molds  i n  

accordance   with  t h i s   i n v e n t i o n   employing  a  porous  c a s t i n g   mold  

s e c t i o n   t ha t   they  w i l l   be  l e s s   s u s c e p t i b l e   in  the  c a s t i n g   o f  

m a t e r i a l s   such  as  copper   a l l o y s   to  the  d e p o s i t i o n   of  zinc  f r o m  

zinc  vapors   on  the  mold  wall  i t s e l f .   This  should   ex tend  the  l i f e  

of  the  mold  to  a  very  l a r g e   degree .   S i m i l a r   types   of  b e n e f i t s  

may  be  p rov ided   when  the  mold  is  used  with  o the r   me ta l s   or  a l l o y s .  



1.  Appara tus   for   the  c o n t i n u o u s   or  s e m i - c o n t i n u o u s  

c a s t i n g   of  meta l s   compr i s i ng   a  mold  to  which  the  mol ten  metal   to  b e  

cas t   can  be  fed  in  a  con t i nuous   or  s e m i - c o n t i n u o u s   manner  and  f r o m  

which  a  s o l i d i f i e d   ingot   can  be  c o n t i n u o u s l y   or  s e m i - c o n t i n u o u s l y  

wi thdrawn,   and  means  for   s u p p l y i n g   a  l u b r i c a n t   to  the  mold  s u r f a c e  

d u r i n g   the  c a s t i n g   of  the  me ta l ,   c h a r a c t e r i s e d   in  t h a t   the  mo ld  

compr ises   an  i nne r   porous  member  2  e x t e n d i n g   s u b s t a n t i a l l y   t h e  

whole  l e n g t h   of  the  mold  and  p r o v i d i n g   over  s u b s t a n t i a l l y   t h e  

whole  l e n g t h   of  the  mold  a  porous  l u b r i c a n t - r e c e i v i n g   mold  s u r f a c e  

5,  and  means  for   s u p p l y i n g   l u b r i c a n t   to  s a id   s u r f a c e   over  s u b s t a n -  

t i a l l y  t h e   whole  l e n g t h   t h e r e o f ,   s a id   l u b r i c a n t   s u p p l y i n g   means 

c o m p r i s i n g   a  l u b r i c a n t   chamber  7  e x t e n d i n g   s u b s t a n t i a l l y   the  who le  

l e n g t h   of  sa id   porous  member  2  and  d e f i n e d   on  one  s ide   t h e r e b y ,  

and  means  15  for   s u p p l y i n g   l u b r i c a n t   to  s a id   chamber .  

2 .   Appara tus   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i s e d   in  t h a t  

means  15,  17  are  p rov ided   for   c o n t i n u o u s l y   c i r c u l a t i n g   l u b r i c a n t  

in to   and  out  of  sa id   c h a m b e r .  

3.  Appara tus   a c c o r d i n g   to  c la im  1  o r   2,  i n c l u d i n g   means 

for   c o o l i n g   the  l u b r i c a n t .  

4.  Appara tus   a c c o r d i n g   to  claim  3,  c h a r a c t e r i s e d   in  t h a t  

s a id   means  for   c o o l i n g   t h e  l u b r i c a n t   c o m p r i s e s  a   c o o l a n t   chamber  9 

s e p a r a t e d   from  the  l u b r i c a n t   chamber  7  by  a  t h e r m a l l y   c o n d u c t i v e  

wall   11  and  means  10,  13  for   s u p p l y i n g   c o o l a n t   to  sa id   c o o l a n t  

chamber  9 .  

5.  Appara tus   a c c o r d i n g   t o  c l a i m   4,  where in   sa id   c o o l a n t  

chamber  9  extends   s u b s t a n t i a l l y   the  whole  l e n g t h   of  the  l u b r i c a n t  

chamber  7 .  



6.  Appara tus   a c c o r d i n g   to  any  one  of  the   p r e c e d i n g  

c l a ims ,   c h a r a c t e r i s e d   in  t ha t   s a id   porous  member  2  compr ises   a n  

ups t r eam  s e c t i o n   e x t e n d i n g   over  the  major  pa r t   of  i t s   l e n g t h   and  

whose  ou t e r   ( r e l a t i v e   to  the  axis   of  the  mold)  s u r f a c e   d e f i n e s  

on  one  s ide  sa id   l u b r i c a n t   chamber  7  and  a  downstream  s e c t i o n  

e x t e n d i n g   over  a  minor  pa r t   of  i t s   l e n g t h   and  p r o j e c t i n g   a x i a l l y  

beyond  sa id   l u b r i c a n t   chamber  7,  the  sa id   downstream  s e c t i o n   h a v i n g  

an  imperv ious   ou t e r   s u r f a c e   51,  and  means  43  be ing   p rov ided   t o  

d i r e c t   c o o l a n t   a g a i n s t   sa id   imperv ious   ou t e r   s u r f a c e   t h e r e b y   t o  

cool  s a id   downstream  s e c t i o n   of  t h e  p o r o u s   member.  

7.  Appara tus   a c c o r d i n g   to  c la im  6,  c h a r a c t e r i s e d   in  t h a t  

sa id   c o o l a n t   d i r e c t i n g   means  43  comprise   a  c o o l a n t   chamber  47 

s u r r o u n d i n g   sa id   downstream  s e c t i o n   of  the  porous  member  2,  means  

44  for   s u p p l y i n g   c o o l a n t  t o   s a id   chamber  and  means  48  for   f e e d i n g  

c o o l a n t   from  sa id   chamber  over  s a id   impe rv ious   s u r f a c e   51  a n d  

d i r e c t i n g   s a id   c o o l a n t   t h rough   n o z z l e s   49  onto  the  s u r f a c e   of  t h e  

i ngo t   as  i t   emerges from  the  m o l d ,  

8.  Appara tus   a c c o r d i n g   to  any  one  of  the  p r e c e d i n g   c l a i m s ,  

c h a r a c t e r i s e d   in  t h a t   the  p e r m e a b i l i t y  o f   sa id   porous  member  v a r i e s  

a long  the  l e n g t h   t h e r e o f .  

9.  Appara tus   a c c o r d i n g   to  c la im  8,  c h a r a c t e r i s e d   in  t h a t  

the  p o r o s i t y   of  sa id   porous  member  v a r i e s   a long  the  l e n g t h   t h e r e o f .  

10.  Appara tus   a c c o r d i n g   t o  c l a i m   8,  c h a r a c t e r i s e d   in  t h a t  

the  p o r o s i t y   of  the  porous  member  is  c o n s t a n t   and  i t s   t h i c k n e s s  

v a r i e s   a long  i t s   l e n g t h .  

11.  A  method  for   the  c o n t i n u o u s   c a s t i n g   of  me ta l s   w h i c h  

compr i ses   s u p p l y i n g   mol ten   metal   to  be  cas t   to  a  c o n t i n u o u s  . c a s t i n g  

mold,  s u p p l y i n g   a  l u b r i c a n t   to  sa id   mold  to  l u b r i c a t e   the  mold  

s u r f a c e ,   and  w i t h d r a w i n g   the  cas t   metal   from  the  mold,  c h a r a c t e r i s e d  



in  t h a t   the  l u b r i c a n t   is  s u p p l i e d   to  the  c a s t i n g   s u r f a c e   by  means 

of  a  porous  member  d e f i n i n g   on  one  s ide  s a id   c a s t i n g   s u r f a c e   a n d  

on  the  o the r   a  l u b r i c a n t   chamber  and  s u p p l y i n g   l u b r i c a n t   to  s a i d  

chamber  whereby  the  l u b r i c a n t   pe rmea tes   th rough   sa id   porous  member 

over  s u b s t a n t i a l l y   the  whole  l e n g t h   of  the  c a s t i n g   s u r f a c e .  

12.  A  method  a c c o r d i n g   to  c la im  11,  c h a r a c t e r i s e d   i n  

t h a t   the  l u b r i c a n t   is   cooled  in  or  be fo re   f e e d i n g   to  sa id   chamber  

t h e r e b y   to  e f f e c t   c o o l i n g   of  the  porous  member.  

13.  A  method  a c c o r d i n g   to  c la im  12,  c h a r a c t e r i s e d   in  t h a t  

the  l u b r i c a n t   is  cooled   in  s i t u   in  s a id   chamber  by  i n d i r e c t   h e a t  

exchange  with  a  c o o l a n t   s u p p l i e d   to  a  c o o l i n g   chamber  a d j a c e n t   s a i d  

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

wall   member.  

14.  A  method  a c c o r d i n g   to  claim  11,  c h a r a c t e r i s e d   in  t h a t  

the  l u b r i c a n t   is  c i r c u l a t e d   i n to   and  out  of  s a id   l u b r i c a n t   chamber  

and  e x t e r n a l l y   cooled  b e f o r e   r e c i r c u l a t i o n   to  s a id   chamber .  

15.  A  method  a c c o r d i n g   to  any  one  of  c laims  1 1 - 1 4 ,  

c h a r a c t e r i s e d   in  t h a t   sa id   l u b r i c a n t   is  a p p l i e d   to .  the   ou te r   s u r f a c e  

of  the  porous  member  over  a  major  ups t ream  par t   of  i t s   l e n g t h   when 

c o n s i d e r e d   in  the  c a s t i n g   d i r e c t i o n ,   and  in  t h a t   a  c o o l a n t   is  a p p l i e d  

to  the  o u t e r   s u r f a c e   of  the  porous  member  over  a  minor  downs t r eam 

pa r t   of  i t s   l e n g t h ,   sa id   downstream  pa r t   be ing   p rov ided   with  a n  

imperv ious   ou t e r   s u r f a c e   to  p reven t   s a id   c o o l a n t   from  p e r m e a t i n g  

in to   the  porous  member.  
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