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Metal  casting  and  lined  ladles  therefor. 

In  the  art  of  casting  metal  from  a  furnace  to  a  preheated 
ladle  and  thence  into  a  casting  mould,  an  inner  protective  dis- 
cardable  lining  (10)  is  located  within  the  ladle  (1)  which  redu- 
ces  costs  by  dispensing  with  the  need  for  preheating  and  im- 
proves  casting  quality  by  reducing  the  level  of  inclusions  trap- 
ped  in  the  cast  metal. 



The  i n v e n t i o n   r e l a t e s   to  t h e   l i n i n g  o f   m e t a l -  

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

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

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

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

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

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

have   e i t h e r   an  o u t l e t   i . e .   n o z z l e   in  t h e   f l o o r   or   a r e  

s h a p e d   to  be  e m p t i e d   o v e r   t h e   l i p  o f   t h e   l a d l e .   T h e  

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

is   s u p e r i m p o s e d   a  r e l a t i v e l y   p e r m a n e n t   l i n i n g   of  r e -  

f r a c t o r y   b r i c k w o r k   or   a  rammed  or  c a s t   r e f r a c t o r y   c o n -  

c r e t e   to  f o r m   a  m o n o l i t h i c   r e f r a c t o r y   l i n i n g .  

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

s u c h   as  a  h i g h   f r e q u e n c y   i n d u c t i o n   f u r n a c e ,   i n t o   t h e  

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

m e t a l   is   h e l d   i n  t h e   l a d l e   w h i l e   i t   i s   moved  f r o m   o n e  

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

to  v a r i o u s   p o u r i n g   p o s i t i o n s .   The  m o l t e n   m e t a l   m a y  b e  

h e l d   in  t h e  l a d l e   f o r   a b o u t   30  m i n u t e s i   u s u a l l y   t h e  

l a d l e   is   f i l l e d   and  t h e n   e m p t i e d   w i t h i n   20  m i n u t e s .  

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



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

m e a n s   t h a t   e a c h   t i m e   t h e   l a d l e   is   e m p t i e d   t h e   r e l a -  

. t i v e l y   p e r m a n e n t   l i n i n g   n e e d s   to  be  r e p a i r e d   a n d  

e v e n t u a l l y   i t   m u s t   be  r e p l a c e d .   I t   i s   known  t h a t   o n e  

can  p r o t e c t   t h e   r e l a t i v e l y   p e r m a n e n t   l i n i n g   by  a  r e -  

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

e r o s i o n - r e s i s t a n t .  

The  f o u n d r y m a n   is   c o n c e r n e d   w i t h   t h e   q u a l i t y  

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

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

l o s s   of  t e m p e r a t u r e   of  t h e   m o l t e n   m e t a l   in  t h e   l a d l e ;  

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

and  t h e   m e t a l   a l s o   l o s e s   h e a t   when  h e l d   in  t h e   l a d l e  

w h i c h   may  be  moved  f r o m   m o u l d   to  m o u l d .   To  e n s u r e   t h a t  

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

i ng   of  c o r r e c t   q u a l i t y   to  be  f o r m e d   i t   i s   s t a n d a r d  

p r a c t i c e   to  t a p   t h e   m e t a l   a t   a  t e m p e r a t u r e   h i g h e r   t h a n  

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

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

A n o t h e r   p r o b l e m   c o n c e r n s   t h e   r i s k   of  i n c l u s i o n s   in  t h e -  

m e t a l .   I t   h a s  b e e n   o b s e r v e d   t h a t   l i t t l e   or   no  i n c l u -  

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

p r e p a r e d   l i n i n g   i s   u s e d   bu t   as  t h a t   l a d l e   i s   r e u s e d   t h e  

r i s k   of   i n c l u s i o n s   b e i n g   p r e s e n t   i n c r e a s e s   due  to  s l a g  

and  o t h e r   r e s i d u e s   f r o m   p r e v i c u s   u s e .   A  s o u r c e   of  i n -  

c l u s i o n s   i s   t h e   s l a g   on  t o p   of   t h e   m o l t e n   m e t a l   and  e a c h  

t i m e   t h e   l a d l e   i s   e m p t i e d   an  a t t e m p t   is   made  to  r e m o v e  

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

f u l   s i n c e   some  s l a g   i s   d e p o s i t e d   on  t h e   l a d l e   l i n i n g   a n d  

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

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



m o l t e n   m e t a l .   I d e a l l y   t h e   l a d l e   s h o u l d   be  r e b r i c k e d  

e a c h   t i m e   i t   is   u s e d   bu t   t h i s   i s   no t   e c o n o m i c   so  t h e .  

l a d l e   i s   p a t c h e d   u n t i l   t h e   l e v e l   of  i n c l u s i o n s   can  no  

l o n g e r   be  t o l e r a t e d .  

I t   has   b e e n   p r o p o s e d   in  B r i t i s h   p a t e n t   s p e c i -  

f i c a t i o n   1 4 5 4 2 0 1   to  f o r m   a  p e r m a n e n t   l i n i n g   in  a  l a d l e  

f o r   m o l t e n   m e t a l   by  t h e   use   of  a  l i n i n g   in  s l e e v e   o r  

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

and  s i n t e r e d .   The  c o m p o s i t i o n   i s   s e l e c t e d   to  be  h i g h l y  

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

t h a t   i t   can  be  r e u s e d   many  t i m e s   and  so  t h a t  s l a g   w i l l  

no t   a d h e r e   to  t h e   l i n i n g .   S o   f a r   as  t h e   A p p l i c a n t s   a r e  

a w a r e   t h i s   p r o p o s a l   has   no t   b e e n   p r a c t i s e d   and  t h i s   m a y  
be  due  to  s e v e r a l   f a c t o r s   i n c l u d i n g   t h e   need   to  f i r e  

and  s i n t e r   t h e   c o m p o s i t i o n   p r i o r   to  use   of  t h e   l i n e d  

l a d l e .  

I t   is   an  o b j e c t   of  t h e   i n v e n t i o n   to  p r o v i d e   a  

m e t h o d   and  means   f o r   t h e   f o u n d r y m a n   to  c a s t   m o l t e n   m e t a l  

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

made  more  e a s i l y   and  c h e a p l y .  

A c c o r d i n g   to  one  f e a t u r e   of  t h e   i n v e n t i o n ,   t h e r e  

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

f r e e - m o l t e n   m e t a l   f r o m   an  u n p r e h e a t e d   l a d l e   to  a  m o u l d  

c o m p r i s i n g ,  

a)  l o c a t i n g   in  t h e   l a d l e ,   so  as  to  s h i e l d   t h e  

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

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

a  c o m p o s i t i o n   w h i c h   is   r e f r a c t o r y ,   has   a  r e l a t i v e l y   h i g h  

h e a t   i n s u l a t i o n   and  a  r e l a t i v e l y   low  h e a t   c o n d u c t i v i t y ,  



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

t h e   l a d l e ,   a n d  

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

i n t o   one  or   more   c a s t i n g   m o u l d s ,   and  t h e n   d i s c a r d i n g  

t h e   u s e d   l i n i n g .  

The  m o l t e n   m e t a l   m a y  b e   any  m e t a l   or   a l l o y  

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

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

t h e s e .   An  i m p o r t a n t   a d v a n t a g e   of  t h i s   i n v e n t i o n   i s  

t h a t   b e c a u s e   t h e   l i n i n g   i s   h e a t   i n s u l a t i n g   to  a  d e -  

s i r e d   e x t e n t ,   t h e r e   i s   l i t t l e   or   no  need   to  s u p e r h e a t   t h e  

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

L a d l e s   t a k e   s e v e r a l   f o r m s .   In  one  f o r m   t h e  

l a d l e   has   a  s e a l e d   b o t t o m   and  t h e   m o l t e n   m e t a l   i s   p o u r e d  

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

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

b o t t o m   of  t h e   l a d l e   i s   a  s o - c a l l e d   " t e a p o t " l a d l e .   I n  

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

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

t h e   b o t t o m .   The  i n v e n t i o n   i s   a p p l i c a b l e   to  a l l   t h e s e .  

f o r m s   of  l a d l e .  

As  a  g e n e r a l   r u l e   and  e s p e c i a l l y   w h e r e   t h e  

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

l i n i n g   w i l l   be  d i s c a r d e d   a f t e r   one  use   s i n c e   t h e   r i s k  

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

l e v e l   c a n n o t   be  t o l e r a t e d .   The  l i n i n g   may  h o w e v e r ,   b e  

u s e d   f o r   more   t h a n   one  f u r n a c e   t a p   and  t h i s   can   h a p p e n  

w h e r e   e c o n o m y   is   more   i m p o r t a n t   t h a n   t h e   m e t a l l u r g y   o f  

t h e   c a s t   m e t a l .   The  d e c i s i o n   when  to  d i s c a r d   t h e   u s e d  

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



h i s   need   f o r   e c o n o m y   w i t h   t h e   d e s i r e   to  a c h i e v e   c a s t -  

i n g s   of  a  d e f i n e d   q u a l i t y ;   in  any  e v e n t   t h e   use   of  t h e  

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

and  w i l l   s i m p l i f y   t h e   r e l i n i n g   when  i t   i s   r e q u i r e d .  

The  l i n i n g   may  be  u s e d   more   t h a n   o n c e   when  t h e   t i m e  

f r o m   one  t a p   to  a n o t h e r   is   v e r y   s h o r t   and  to  m e e t   t h i s  

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

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

a r e   to  be  u s e d   more  t h a n   o n c e   w i l l   t e n d   to  be  t h i c k e r  

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

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

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

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

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

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

o f  t h e   c a s i n g ,  

an  i n n e r   p r o t e c t i v e   d i s c a r d a b l e   l i n i n g   l o c a t e d  

in  t h e   l a d l e   so  as  to  s h i e l d   t h e   p e r m a n e n t   l i n i n g ,  

t h e   i n n e r   l i n i n g   b e i n g   f o r m e d   of  one  or   m o r e  

f l o o r b o a r d s   and  one  o r   more  s i d e   b o a r d s ,  

t h e   s i d e   b o a r d ( s )   b e i n g   a r r a n g e d   e s s e n t i a l l y  

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

a r r a y ,   t h e   b o a r d s   b e i n g   w i d e r   at   t h e   t o p   t h a n   t h e   b a s e ,  

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

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

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

Such  a  l a d l e   may  be  of  any  of  t h e   f o r m s   m e n -  

t i o n e d   a b o v e .   Where   t h e   l a d l e   has  a  n o z z l e   in  t h e   f l o o r ,  

t h e   l i n i n g   an  t h e   f l o o r   may  have   a  b o r e   i n t o   w h i c h   t h e  

n o z z l e   may  key  and  t h i s   w i l l   l o c k   t h e   n o z z l e   i n t o   p o s i t i o n .  



T h i s   m e a n s   t h a t   t h e   u s u a l   s e l f   s e t t i n g   or   r a m m i n g   c o m p o -  
s i t i o n   to   h o l d   t h e   n o z z l e   i s   no t   n e e d e d  -   no t   o n l y   d o e s  

t h i s   r e m o v e   a  d i r t y   and  t i m e   c o n s u m i n g   j o b   but   we  h a v e  

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

I t   i s   an  i m p o r t a n t   f e a t u r e   of  t h e   i n v e n t i o n  

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

one  or   more   b o a r d s .   In  t h e   c a s e   of  v e r y   s m a l l  

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

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

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

t i o n .   The  s e t   of  b o a r d s   c o m p r i s e s   one  or   more   f l o o r -  

b o a r d s   s h a p e d   and  a r r a n g e d   to  c o v e r   t h e - l a d l e   f l o o r .  

Where   t h e   f l o o r   has  an  o u t l e t   n o z z l e ,   t h e   f l o o r b o a r d  

w i l l   h a v e   a  b o r e   to  key  t h e   n o z z l e   so  a v o i d i n g   a n y  

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

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

f l o o r b o a r d   to  t h e   t o p   of  t h e   l a d l e   and  m o s t   p r e f e r a b l y  

t h e   f l o o r b o a r d   i s   s h a p e d   f o r   e x a m p l e   by  edge   r e c e s s e s   t o  

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

As  5 n d i c a t e d   a b o v e   i t   i s   a  f e a t u r e   of  t h i s - i n v e n t i o n   t h a t  

t h e   s i d e   b o a r d s   be  s h a p e d   so  t h a t   t h e y   a r e   w i d e r   a t   t h . e  

end  r e m o t e   f r o m   t h e   f l o o r b o a r d   t h a n   a t   t h e   f l o o r b o a r d   e n d  

so  t h a t   t h e y   t a p e r   o u t w a r d l y   to  t h e   t o p   of  t h e   l a d l e .  

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

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

Most   p r e f e r a b l y   a d j o i n i n g   s i d e   w a l l s   of   t h e   b o a r d s   a r e  

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

m e t a l   t h e r e a c r o s s   and  i t   i s   much  p r e f e r r e d   t h a t   t h e   b o a r d s  

be  t r a p e z o i d a l   in  s e c t i o n .   Fo r   e n h a n c e d   s e a l i n g   i t   i s  

p o s s i b l e   to  a p p l y   a  r e f r a c t o r y   c e m e n t   a c r o s s   t h e   j o i n t s .  

I t   i s   a  s u r p r i s i n g   f e a t u r e   of  t h i s   i n v e n t i o n   t h a t   w h e r e  

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



t h e   m o l t e n   m e t a l   in  t h e   i n t e r i o r   of  t h e   l a d l e ,   a  s k i n  

is   f o r m e d   a c r o s s   t h e   j o i n t s   w h i c h   a i d s   in  t h e   f o r m a -  

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

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

l i n i n g .   S u r p r i s i n g l y   t h e   p r e s e n c e   of  t h e   s k i n   t e n d s   t o  

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

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

t h e   h i g h   i n s u l a t i o n   of  t h e   l i n i n g   t e n d s   to  keep   t h e  

l a d l e   c o o l e r .  

For   t h e   p u r p o s e s   of  t h e   i n v e n t i o n   t h e   l i n i n g  

m u s t   be  f o r m e d   of  a  c o m p o s i t i o n   w h i c h   i s   r e f r a c t o r y , '  

has  a  r e l a t i v e l y   h i g h   h e a t   i n s u l a t i o n   and  a  r e l a t i v e l y  

low  h e a t   c o n d u c t i v i t y .   In  t h e   c a s e   of  b o a r d s   f o r m e d   o f  

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

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

t h e   b o a r d s .   In  g e n e r a l ,   i t   has  b e e n   f o u n d   t h a t   t h e  

b o a r d s   f o r m i n g   t h e   i n n e r   p r o t e c t i v e  ' l i n i n g   s h o u l d   be  a t  

l e a s t   10mm  t h i c k   and  p r e f e r a b l y   15mm  to  20  or   25mm  t h i c k .  

I f   t h e y   a r e   more   t h a n   50mm  t h i c k   t h e y   t e n d   to  o c c u p y   a  

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

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

h o l d .   P r e f e r a b l y   t h e   b o a r d s   have   a  d e n s i t y   in  t h e   r a n g e  
of  f r o m   a b o u t   0 .3   to  a b o u t   1 .5   p r e f e r a b l y   a b o u t   0 . 5   t o  

1 .1   g m / c c .   The  t h e r m a l   c o n d u c t i v i t y   s h o u l d   be  in  t h e  

r a n g e   of  a b o u t   0 . 1   to  1 . 0 ,   p r e f e r a b l y   0 .3   to  0 . 5   W/mK 

To  be  h a n d l e d ,   e s p e c i a l l y   when  t h i n ,   t h e   b o a r d s   s h o u l d  

h a v e   a  t r a n s v e r s e   s t r e n g t h   of  a b o u t   5  to  25  K g / s q . c m ,  

p r e f e r a b l y   15  to  20  K g / s q . c m .   D e p e n d i n g   on  t h e   c h e m i c a l  

c o m p o s i t i o n   t h e   p e r m e a b i l i t y   of  t h e   b o a r d s   may  be  i m -  

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

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

o r d e r   of  10  AFS  u n i t s   ( A m e r i c a n   F o u n d r y m a n   S o c i e t y ) .  



The  b o a r d s   may  be  f o r m e d  f r o m   a  v a r i e t y   o f  

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

a b l e   l i n i n g   of  a  t u n d i s h .   A  t u n d i s h   i s   a  c o n s t a n t   h e a d  

v e s s e l   u s e d   in  t h e   c o n t i n u o u s   c a s t i n g   of   s t e e l   and  i n t e r -  

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

Such  t u n d i s h   l i n i n g s   a r e   w e l l   known  u n d e r   t h e   r e g i s t e r e d  

t r a d e   mark .GARNEX  and  t h e r e   i s   t h u s   no  n e e d   f o r   a  d e -  

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

w h i c h   t h e y   may  be  f o r m e d .   In  g e n e r a l ,   t h e   i n n e r   p r o -  
t e c t i v e   d i s c a r d a b l e   l i n i n g   of  t h i s   ' i n v e n t i o n   m a y  b e  

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

b i n d e r s .   P r e f e r r e d   a r e ,   as  f i b r o u s   m a t e r i a l s  o r g a n i c  

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

c a l c i u m   s i l i c a t e ,   a l u m i n i u m   s i l i c a t e   f i b r e s ;   as  r e -  

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

s i l i c a t e s ;   and  as  b i n d e r s   b o t h   i n o r g a n i c   and  o r g a n i c ,  

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

f o r m a l d e h y d e   r e s i n   or   u r e a - f o r m a l d e h y d e   r e s i n .   The  u s e  

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

t i o n   has   no t   b e e n   p r o p o s e d .   Some  r e a s o n s   f o r   t h i s   a r e  

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

m o l t e n   m e t a l   k e e p s   t h e   t e m p e r a t u r e   of  t h e   m o l t e n   m e t a l  

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

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

moved  and  t h e i r   p r e s e n c e   in  t h e   m o l t e n   m e t a l   i s   s i m p l y  

d i s c o u n t e d .   F o r  t h e   p u r p o s e   of  t h i s   i n v e n t i o n ,   t h e  

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

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

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

o p t i m i s e d .  

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

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



b o a r d s   to  be  f i t t e d   i n t o   t h e   l a d l e   to  f o r m   an  i n n e r  

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

one  o r   more  f l o o r b o a r d s   and  one  or   more   s i d e b o a r d s ,  

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

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

t he   r a n g e   of  a b o u t   0 ,3   to  1 .5   g m / c c ,   a  t h e r m a l   c o n d u c t -  

i v i t y   in  t h e   r a n g e   of  0 . 1   to  1 . 0 ,   W/mK  and  a  t h i c k -  

n e s s   of  f r o m   10  to  25mm.  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  w e l l   u n d e r -  

s t o o d   i t   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to  t h e  

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

F i g u r e   1  i s   a  v e r t i c a l   s e c t i o n a l   v i ew   of  a  

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

F i g u r e   2  i s   a  t o p   p l a n   v i e w   of  t h e   l a d l e   o f  

F i g u r e   1 ,  

F i g u r e   3  is  a  f r a g m e n t a r y   v i e w   s h o w i n g   t h e  

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

F i g u r e   4  i s   a  p h o t o g r a p h   s h o w i n g   t h e   r e s u l t s  

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

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

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

The  l a d l e   of  F i g u r e   1,  c o m p r i s e s   a  b u c k e t -  

l i k e   v e s s e l  1   h a v i n g   a  b a s e   2  and  u p w a r d l y   o u t w a r d   f l a r e d  

s i d e w a l l   3.  A  n o z z l e   4  is   s e t   in  t h e   f l o o r   2,  to  r e c e i v e  

a  s t o p p e r   rod   5 .  

The  v e s s e l   b a s e   and  s i d e w a l l   a r e  m a d e   up  of  a n  

o u t e r   m e t a l   s h e l l   6  on  w h i c h   i s   s e t   a  r e l a t i v e l y   p e r m a -  
n e n t   l i n i n g   7  of  r e f r a c t o r y   b r i c k s   as  shown  or   a  s h a p e d  

m o n o l i t h i c   l i n i n g .   T y p i c a l l y   t h e   v e s s e l   has  an  i n t e r n a l  



v o l u m e   to  a c c o m m o d a t e   a b o u t   0 . 3   to   10  t o n s   of   m o l t e n  

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

t h e   f l o o r   i s   a b o u t   80  cm  and  t h e   d i a m e t e r   a t   t h e   t o p  

is   a b o u t   100  cm  and  t h e   i n t e r n a l   h e i g h t   of  t h e   s i d e -  

w a l l s   i s   a b o u t   120  c m .  

An  i n n e r   l i n i n g   10  is   p r e s e n t   w i t h i n   t h e  

v e s s e l  1 .   The  l i n i n g   c o m p r i s e s   a  s e t   of  b o a r d s ,   e a c h  

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

b o a r d s   c o m p r i s e   a  p a i r   of  f l o o r b o a r d s   11  c o v e r i n g   t h e  

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

12.  Each  s i d e   b o a r d   i s   w i d e r   a t   i t s   u p p e r   end  t h a n   a t  

i t s   b a s e   w h i c h   r e s t s   on  a  l e d g e  f o r m e d   in  t h e   f l o o r -  

b o a r d   1 1 .  T h e   s i d e   b o a r d s   a r e   e a c h   t r a p e z o i d a l   i n  

s e c t i o n   so  t h a t   a  t i g h t   j o i n t   A  is   f o r m e d   b e t w e e n  

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

The  f l o o r b o a r d s   11  a r e   j o i n e d   t o g e t h e r   in  o v e r l a p p i n g  

m a n n e r   as  a t   A.  S u f f i c i e n t   s i d e   b o a r d s   a r e   p r e s e n t   t o  

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

l i n i n g .   Each  b o a r d   m e a s u r e s   108  cm  h i g h ,   and  a b o u t   3  cm 

t h i c k   and  t h e   f r o n t   s u r f a c e   m e a s u r e s   27  cm  a c r o s s   a n d  

t h e   r e a r   s u r f a c e   29  cm  a c r o s s .   E a c h   s i d e   b o a r d   and  t h e  

f l o o r b o a r d   has   a  d e n s i t y   of  1 . 1   g m / c c ,   and  a  t h e r m a l  

c o n d u c t i v i t y   of  0 . 6   W/mK.  Where   t h e   b o a r d s   i n c l u d e   a n  

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

t h e   f o l l o w i n g   ( p a r t . s   by  w e i g h t ) :  

to  f o r m   a  damp  s h a p e   w h i c h   i s   t h e n   d r i e d .  



L o o s e   s a n d   13  is   l o c a t e d   b e t w e e n   t h e   f l o o r  

2  of  t h e   v e s s e l   and  t h e   f l o o r b o a r d s   11  and  a l s o   in  t h e  

gap  b e t w e e n   t h e   i n n e r   s u r f a c e   of  t h e   r e l a t i v e l y   p e r m a -  

n e n t   l i n i n g  a n d   t h e   s e t   of  t h e   s i d e   b o a r d s   12.  In  t h e  

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

l a d l e ,   a t   l e a s t   i n - t h e   r e g i o n   of  a  c u t   o u t   14  in  t h e  

u p p e r   c o r n e r s   of   two  a d j a c e n t   s i d e   b o a r d s   and  d e f i n i n g  

a  l i p - p o u r i n g   s p o u t   15,  i s   m i x e d   w i t h   s o d i u m   s i l i c a t e  

to  h a r d e n   i t   so  t h a t   i t   w i l l   no t   f a l l  o u t   when  t h e  

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

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

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

In  u s e ,   m o l t e n   s t e e l   a t   a b o u t   16500C  i s   t a p p e d  

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

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

b o a r d s   a r e   no t   s e v e r e l y  e r o d e d .   As  t h e   m o l t e n   s t e e l  

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

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

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

b o a r d s   s i n t e r s   to  f o r m   an  i m p e r v i o u s   s k i n ,   or   l a y e r   L 

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

When  t h e   l a d l e   is   f i l l e d   to  t h e   d e s i r e d   l e v e l  

w i t h   t h e   m o l t e n   s t e e l  -   w h i c h   by  t h e n   has  c o o l e d   to  a b o u t  

1 6 0 0 ° C   - i t   may  be  s t o r e d   f o r   up  to  20  m i n u t e s   or   m o r e .  

When  d e s i r e d   t h e   m e t a l   is   r e l e a s e d   v i a   t h e   n o z z l e  4   u n t i l  

t h e   l a d l e   is   c o m p l e t e l y   e m p t y .   The  m o l t e n   m e t a l   t e m p -  

e r a t u r e   f a l l s   much  m o r e . s l o w l y   w h i l e   i t   is   in  t h e   l a d l e  

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

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

l i n i n g   r e t a i n s   i t s   i n t e g r i t y   and  a t   t h e   end  of  t h e   p o u r  

when  t h e   l a d l e   is   f u l l y   i n v e r t e d ,   t h e   i n n e r   l i n i n g   i s  



d i s c a r d e d   by  f a l l i n g   o u t   as  a  o n e  p i e c e ,   b u c k e t - l i k e  

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

r e l a t i v e l y   p e r m a n e n t   l i n i n g   7.  B e c a u s e   of  t h e   h e a t  

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

r e u s e d   more   s p e e d i l y   t h a n   w o u l d   be  t h e   c a s e   in  t h e  

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

p r o v e d .   B e t w e e n   e a c h   p o u r   t h e   n o z z l e   4  i s   c o n v e n i e n t l y  

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

t o   h a v e   a c c e s s   t o . t h e   i n t e r i o r .  

In  an  e v a l u a t i o n ,   t h e   l a d l e   of  t h e   i n v e n t i o n  

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

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

m o u l d   in  a  f o u n d r y .   In  t h e   c a s e   of  t h e   l a d l e   w i t h o u t  

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

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

made  f r o m   t h e   m o l t e n   s t e e l   w h i l s t   in  t h e   c a s e   of  t h e  

l a d l e   of  t h e   i n v e n t i o n   no  s u c h   i n c l u s i o n s   w e r e   p r e s e n t .  

E x a m p l e   1 .  

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

of  3000  kg  w e r e   t a k e n .   One  was  l i n e d   w i t h   65mm  r e f r a c -  

t o r y   a l u m i n a   c e m e n t   l i n i n g .   A  n o z z l e   was  s e t   i n  t h e   o u t -  

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

w i t h   a  40  mm  t h i c k   l a y e r   of  t h e   a l u m i n a   c e m e n t ,   on  t o p  

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

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



The  f l o o r b o a r d   had  a  b o r e   to  r e g i s t e r   w i t h  

t h e   n o z z l e   o u t l e t   a n d  t h e   n o z z l e   was  k e y e d   in  t h a t   b o r e  

so  a v o i d i n g   t h e   need   f o r   r a m m i n g   m a t e r i a l s .   The  b o a r d s  

w e r e   t r a p e z o i d a l   in  p l a n   and  w e r e   w e d g e d   t o g e t h e r   w i t h  

t h e i r   w i d e r   e n d s   u p p e r m o s t .   The  l a d l e   h a v i n g   t h e   65  mm 

r e f r a c t o r y   c e m e n t   l i n i n g   was  p r e h e a t e d   to  6 0 0  -   7 0 0 ° C  

f o r   2  h o u r s   u s i n g   gas   b u r n e r s .   The  o t h e r   l a d l e   was  n o t  

p r e h e a t e d .  

C a r b o n   s t e e l   a t   1650°C   was  t a p p e d   i n t o   b o t h  

l a d l e s .   In  t h e   c a s e   of  t h e   l a d l e   h a v i n g   t h e   65  mm  r e -  

f r a c t o r y   c e m e n t   l i n i n g   t h e   s t e e l   c o o l e d   to  1 6 0 0 0 C   w i t h i n  

1  m i n u t e   and  t h e   t e m p e r a t u r e   f e l l   a t   t h e   r a t e   o f  4 ° C / m i n .  

In  t h e   c a s e   of  t h e   o t h e r   l a d l e  -   a c c o r d i n g   to  t h e   i n v e n -  

t i o n  -   t h e   t e m p e r a t u r e   a f t e r   1  m i n u t e   was  1610°C   and  t h e  

c o o l i n g   r a t e   was  3 ° C / m i n .   The  e f f e c t   of  t h i s   was  t h a t  

a f t e r   a  p e r i o d   of  t i m e ,   say   20  m i n u t e s ,   t h e r e   was  a  s i g -  

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

l a d l e s .   T h e s e   r e s u l t s   show  t h a t   even   w i t h   t h e   o m i s s i o n  

of  p r e h e a t i n g   a  l a d l e   l i n e d   a c c o r d i n g   to  t h e   i n v e n t i o n  

has  i m p r o v e d   t h e r m a l   c h a r a c t e r i s t i c s .   T h i s   can  be  t a k e n  

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

t h e   t a p p i n g   t e m p e r a t u r e .  



E x a m p l e   2 

C a r b o n   s t e e l   was  t a p p e d   i n t o   two  l a d l e s ,  

p r e p a r e d   in  t h e   m a n n e r   of  E x a m p l e   1  and  t h e   m e t a l   w a s  

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

t o r y   h o l l o w a r e .   The  m e t a l   was  a l l o w e d   to  c o o l   and   t h e  

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

m a c h i n e d   l e v e l   and  t h e n   c o a t e d   by  t h e   D y n a t r o n  

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

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

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

in  F i g u r e   4  (no  m a g n i f i c a t i o n )   in  w h i c h   t h e   l o w e r  

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

l a d l e   h a v i n g   no  i n n e r   p r o t e c t i v e   l i n i n g   and  t h e   u p p e r  

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

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

of   u s i n g   t h e   l i n i n g   to  r e d u c e   t h e   r i s k   of  i n c l u s i o n s .  

E x a m p l e   3 

The  m e t h o d   of  E x a m p l e   2  was  r e p e a t e d   u s i n g   a  

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



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

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

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

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

a)  l o c a t i n g   in  t h e   l a d l e ,   so  as  to  s h i e l d  

t h e   m o l t e n   m e t a l   f r o m   c o n t a c t   w i t h   t h e   r e l a t i v e l y   p e r m - '  

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

f o r m e d   of  a  c o m p o s i t i o n   w h i c h   is   r e f r a c t o r y ,   has  a  r e l a -  

t i v e l y   h i g h   h e a t   i n s u l a t i o n   and  a  r e l a t i v e l y   low  h e a t  

c o n d u c t i v i t y ,  

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

t h e   a b s e n c e   of  p r e h e a t i n g   t h e r e o f ,  

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

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

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

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

3.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1 , ' c h a r a c t e r i s e d   i n  

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

4.  A  m e t h o d   a c c o r d i n g   to  any  p r e c e d i n g   C l a i m ,  

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

a l u m i n i u m   or   any  a l l o y   of   t h e s e   and  t h e   m e t a l   is   t a p p e d  



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

t h e   same  as  t h e   c a s t i n g   t e m p e r a t u r e .  

5.  A  f o u n d r y   l a d l e   c o m p r i s i n g   an  o u t e r   m e t a l   g e n -  

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

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

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

t i v e   d i s c a r d a b l e   l i n i n g   l o c a t e d   in  t h e   l a d l e   so  as  t o  

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

of  one  or   more   f l o o r b o a r d s   and  one   o r   more   s i d e   b o a r d s ,  

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

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

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

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

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

6.  A  l a d l e   a c c o r d i n g   to  C l a i m   5;  c h a r a c t e r i s e d   i n  

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

and  t h e n   f i t t e d   w i t h i n   t he   l a d l e .  

7.  A  l a d l e   a c c o r d i n g   to  C l a i m   5  o r   6,  c h a r a c t e r i s e d  

in  t h a t   t h e   b o a r d s   a r e   e a c h   f r o m   a b o u t   10  t o - a b o u t   25mm 

t h i c k   and  have   a  d e n s i t y   of  0 . 3   to  1 .5   g m / c c   and  a  t h e r m a l  

c o n d u c t i v i t y   of  0 . 1   to  1 .0   W/mK. 

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

t h a t   t h e   b o a r d s   a r e   f r o m   15mm  to  20mm  t h i c k   and  h a v e   a  

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

0 . 3   to   0 . 5   W/mK. 

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

in  t h a t   t h e   b o a r d s   have   a  t r a n s v e r s e   s t r e n g t h   of  5  to  2 5  

k g / s q .   c m .  



10.  A  l a d l e   a c c o r d i n g   to  C l a i m   9,  c h a r a c t e r i s e d  

in  t h a t   t h e   b o a r d s   have   a  t r a n s v e r s e   s t r e n g t h   of  15  t o  

20  k g / s q .   cm.  

11.  A  l a d l e   a c c o r d i n g   to  any  of  C l a i m s   5  to  9 ,  

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

t h e   o r d e r   of  10  AFS  u n i t s .  

12.  A  l a d l e   a c c o r d i n g   to  any  of  C l a i m s   5  to  1 0 ,  

c h a r a c t e r i s e d   by  h a v i n g   an  o u t l e t   in  t h e   f l o o r   to  r e c e i v e  

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

b o r e   to  r e c e i v e   and   l o c k   t h e   n o z z l e   in  t h e   a b s e n c e   o f  a  

s e t t i n g   m a t e r i a l .  

13.  For   use   in  a  m e t h o d   a c c o r d i n g   to  any  of  C l a i m s  

1  to  4,  o r   a  l a d l e   a c c o r d i n g   to  any  C l a i m s   5  to  11,  a  s e t  

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

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

t i o n   and  a  r e l a t i v e l y   low  h e a t   c o n d u c t i v i t y ,   one  or   m o r e  

of  t h e   b o a r d s   b e i n g   s i d e   b o a r d s   and  one  or   more   of  t h e  

b o a r d s   b e i n g   f l o o r b o a r d s ,   in  w h i c h   e a c h   b o a r d   has  a  d e n -  

s i t y   in  t h e   r a n g e   of  0 .3   to  1 .5   g m / c c ,   and  t h e r m a l   c o n 7  

d u c t i v i t y   in  t h e   r a n g e   of  0 . 1   to  1 .0   W/mK,  and  a  t h i c k n e s s  

of  10mm  to  25mm.  

14.  A  s e t   of  b o a r d s   a c c o r d i n g   to  C l a i m   1 3 ,  

c h a r a c t e r i s e d   in  t h a t   h a v i n g   a  d e n s i t y   of  0 . 5   to  1 .1   g m / c c ,  

and  a  t h e r m a l   c o n d u c t i v i t y   of  0 . 3   to   0 . 5   W/mK. 

15.  A  s e t   of  b o a r d s   a c c o r d i n g   to  C l a i m   13  or   1 4 ,  

c h a r a c t e r i s e d   in  t h a t   e a c h   b o a r d   has  a  p e r m e a b i l i t y   of  t h e  

o r d e r   of  10  AFS  u n i t s .  
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