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@  Crucible  liner  and  method  of  making  and  using  the  same. 

An  improved  crucible  liner  maintains  a  relatively  thick 
reaction  layer  (34)  on  the  inside  of  the  crucible  during  pour- 
ing  of  a  molten  nickel  chrome  alloy.  By  maintaining  a  thick 
reaction  layer  inside  the  liner,  the  transfer  of  impurities 
from  the  crucible  to  a  cast  article  is  minimized.  The  liner  is 
formed  by  impregnating  the  inside  of  the  refractory  liner 
(32)  with  an  alkaline  earth  oxide  such  as  calcium  or  magne- 
sium.  When  a  nickel  chrome  alloy  is  melted  in  the  crucible 
liner,  the  alloy  reacts  with  the  liner  and  the  alkaline  earth 
oxide.  The  reaction  products  are  deposited  on  the  surface  of 
the  liner  (11)  and  adhere  to  the  surface  of  the  liner  during 
pouring. 



B a c k g r o u n d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  new  and  i m p r o v e d  

c r u c i b l e   l i n e r   and  a  m e t h o d   by  w h i c h   t h e   l i n e r   i s   made   a n d  

u s e d   to   p r o m o t e   t h e   a d h e r e n c e   of  r e a c t i o n   p r o d u c t s   on  t h e  

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

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

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

f o r m i n g   of   v a n e s   and  b l a d e s   u s e d   in   gas   t u r b i n e   e n g i n e s .  

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

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

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

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

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

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

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

d e f e c t s   in   a  c a s t   a r t i c l e .  



Summary   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  new  and  i m p r o v e d  

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

r e l a t i v e l y   t h i c k   r e a c t i o n   l a y e r   to   t h e   i n s i d e   of  t h e   l i n e r  

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

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

a l k a l i n e   e a r t h .   The  r e f r a c t o r y   l i n e r   may  be  i m p r e g n a t e d  

w i t h   t h e   a l k a l i n e   e a r t h   by  q u i c k l y   p o u r i n g   an  a q u e o u s  

s o l u t i o n   of  t h e   a l k a l i n e   e a r t h   i n t o   and  o u t   of  t h e   l i n e r .  

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

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

t h e   r e f r a c t o r y   m a t e r i a l   of  t h e   l i n e r .   An  i n t e r a c t i o n  

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

r e f r a c t o r y   m a t e r i a l   to   f o r m  a   r e l a t i v e l y   t h i c k   l a y e r   o f  

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

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

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

e n t e r i n g   a  m o l d .  

A c c o r d i n g l y ,   i t  i s   an  o b j e c t   of  t h i s   i n v e n t i o n   t o  

p r o v i d e   a  new  and  i m p r o v e d   m e t h o d   of  m a k i n g   a  r e f r a c t o r y  

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

l i n e r   w i t h  a n   a l k a l i n e   e a r t h .  

A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   i s   to   p r o v i d e   a  n e w  

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

i n s i d e   of  a  r e f r a c t o r y   l i n e r   w i t h   an  a l k a l i n e   e a r t h  

s o l u t i o n .  



A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   is  to  p r o v i d e   a  n e w  

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

i n t e r a c t i o n   b e t w e e n   a  m o l t e n   n i c k e l   c h r o m e   a l l o y ,   a n  

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

l i n e r   to   m a i n t a i n   a  r e l a t i v e l y   t h i c k   l a y e r   of  r e a c t i o n  

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

of  t h e   m o l t e n   a l l o y .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

The  f o r e g o i n g   and   o t h e r   o b j e c t s   and  f e a t u r e s   of   t h e  

p r e s e n t   i n v e n t i o n ' w i l l   b e c o m e   m o r e   a p p a r e n t   upon   a  

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

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

F i g .   1  i s   a  s e c t i o n a l   v i e w   of  a  r e f r a c t o r y   l i n e r   f o r   a  

c r u c i b l e ;  

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

v i e w   s c h e m a t i c a l l y   i l l u s t r a t i n g   t h e   t h i c k n e s s   of  t h e  

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

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

a l k a l i n e   e a r t h ;   a n d  

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

v i e w   s c h e m a t i c a l l y   i l l u s t r a t i n g   t h e   t h i c k n e s s   of   t h e  

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

l i n e r   w h i c h   was  i m p r e g n a t e d   w i t h   an  a l k a l i n e   e a r t h   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 .  



D e s c r i p t i o n   of  S p e c i f i c  
P r e f e r r e d   E m b o d i m e n t s   of  t he   I n v e n t i o n  

A  new  and  i m p r o v e d   l i n e r   10  w h i c h   is  a d a p t e d   to   b e  

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

d i s c l o s e d   in   U . S .   P a t e n t   No.  3 , 4 0 1 , 2 2 7 .   D u r i n g   u s e ,   a  

g e n e r a l l y   c y l i n d r i c a l   c a v i t y   12  i n s i d e   t h e   r e f r a c t o r y  

l i n e r   10  i s   p a r t i a l l y   f i l l e d   w i t h   a  n i c k e l   c h r o m e   a l l o y .  

The  a l l o y   i s   m e l t e d   in   a  known  m a n n e r   by  an  i n d u c t i o n  

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

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

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

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

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

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

of  t h e   l i n e r   and  an  a l k a l i n e   e a r t h   w i t h   w h i c h   t h e   l i n e r  

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

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

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

a d h e r e   to   t h e   i n n e r   s i d e   s u r f a c e   11  of  t h e   l i n e r   and  f o r m  

a  r e l a t i v e l y   t h i c k   r e a c t i o n   l a y e r .   T h i s   p r e v e n t s   t h e  

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

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

of  d e f e c t s   in   a  c a s t   a r t i c l e   t e n d s   to  be  m i n i m i z e d .  

The  c r u c i b l e  l i n e r   10  h a s   a  c y l i n d r i c a l   r e f r a c t o r y  

s i d e   w a l l   16  w h i c h   e x t e n d s   u p w a r d l y   f r o m   a  c i r c u l a r   b o t t o m  

s e c t i o n   18  to   an  a n n u l a r   l i p   20.   I f   d e s i r e d ,   t h e   l i p   20 



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

o v e r   a  p a r t i c u l a r   p o r t i o n   of  t he   l i p .   A l t h o u g h   t h e  

c r u c i b l e   l i n e r   10  has   a  g e n e r a l l y   c y l i n d r i c a l  

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

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

c r u c i b l e   l i n e r   10  i s   f o r m e d   of  a  r e f r a c t o r y   m a t e r i a l   s u c h  

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

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

The  c r u c i b l e   l i n e r   10  i s   made  by  r e p e t i t i v e l y   d i p p i n g  

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

A l t h o u g h   many  d i f f e r e n t   t y p e s   of  s l u r r y   c o u l d   be  u t i l i z e d ,  

one  i l l u s t r a t i v e   s l u r r y   c o n t a i n e d   f u s e d   s i l i c a ,   z i r c o n ,  

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

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

s i l i c a t e   and  c o l l o i d a l   s i l i c a   can   be  u s e d   i f   d e s i r e d .   I n '  

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

s u c h   as  a l g i n a t e s   to   c o n t r o l  v i s c o s i t y   and   w e t t i n g   - a g e n t s  

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

In  a c c o r d a n c e   w i t h   a  known  p r a c t i c e ,   t h e   c r u c i b l e  

l i n e r   10  was  f o r m e d   by  f i r s t   m a k i n g   a  c y l i n d r i c a l   a l u m i n u m  

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

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

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

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

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

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

a  w e t t i n g   a g e n t .  



A f t e r   t he   a p p l i c a t i o n   of  t h e   i n i t i a l   c o a t i n g ,   t h e  

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

s t u c c o i n g ,   t he   c o a t i n g   was  d r i e d   and  a g a i n   d i p p e d   a n d  

s t u c c o e d .   The  p a t t e r n   was  r e p e t i t i v e l y   d i p p e d   and   d r i e d  

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

m a t e r i a l   of  a  d e s i r e d   t h i c k n e s s .   The  m a n n e r   in  w h i c h   t h i s  

was  d o n e   i s   s i m i l a r   to   t h a t   d i s c l o s e d   in   U . S .   P a t e n t   N o .  

3 , 4 0 1 , 2 2 7 .   A f t e r   a  c o v e r i n g   of  a  d e s i r e d   t h i c k n e s s   h a s  

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

The  l i n e r   i s   t h e n  f i r e d   to   a b o u t   1 5 0 0 - 1 8 0 0 ° F   f o r   one   h o u r  

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

I f   d e s i r e d ,   t h e   r e s i d u a l   p a t t e r n   wax  c an   be  r e m o v e d  

w i t h o u t   f i r i n g   t h e   l i n e r .   T h i s   can   be  done   by  r e m o v i n g  

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

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

u s e d   to   d i s s o l v e   t h e  r e s i d u a l   p a t t e r n   w a x .  

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

t h e   l i n e r   10  i s   i m p r e g n a t e d   w i t h   an  a l k a l i n e   e a r t h .   T o  

t h i s   e n d ,   an  a q u e o u s   s o l u t i o n   of  t h e   a l k a l i n e   e a r t h   i s  

p r e p a r e d .   The  a l k a l i n e   e a r t h   s o l u t i o n   i s   q u i c k l y   p o u r e d  

i n t o   a  l i n e r   10 .   The  s o l u t i o n   i s   i m m e d i a t e l y   p o u r e d   o u t  

of   t h e   l i n e r   w i t h o u t   a l l o w i n g   f o r   any  s o a k i n g   t i m e .   I f  

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

t h e   l i n e r   w i l l   n o t   be  g r e e n   when  t h e   a l k a l i n e   e a r t h  

s o l u t i o n   i s   p o u r e d   i n t o   and   o u t   of   i t .   H o w e v e r ,   i f   a  

s o l v e n t   i s   u s e d   to   r e m o v e   t h e   r e s i d u a l   p a t t e r n   w a x ,   t h e  



l i n e r   w i l l   be  g r e e n   when  t h e   a l k a l i n e   e a r t h   s o l u t i o n   i s  

p o u r e d   i n t o   and  o u t   of  the   l i n e r .  

The  wet   r e f r a c t o r y   l i n e r   10  i s   t h e n   a t   l e a s t   p a r t i a l l y  

d r i e d .   A f t e r   a  d r y i n g   p e r i o d ,   t h e   a l k a l i n e   e a r t h   t r e a t e d  

l i n e r   10  i s   f i r e d .   T h i s   may  be  e i t h e r   t h e  f i r s t   or   s e c o n d  

f i r i n g   of  t he   l i n e r   d e p e n d i n g   upon   how  t h e   r e s i d u a l  

p a t t e r n   wax  is   r e m o v e d .   The   f i r e d   l i n e r   10  i s   i m p r e g n a t e d  

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

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

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

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

In   one  s p e c i f i c   i n s t a n c e ,   t h e   l i n e r   10  was  t r e a t e d  

w i t h   t h e   a l k a l i n e   e a r t h   c a l c i u m .   T h u s ,   an  a q u e o u s   c a l c i u m  

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

s o l u t i o n   c o n t a i n e d   a p p r o x i m a t e l y  1 . 7   g r a m s   o f   h y d r a t e d  

c a l c i u m   n i t r a t e   ( C a ( N O 3 ) 2 . 4 H 2 O )   p e r   cc  o f  s o l v e n t .  

The  s o l u t i o n   was   p r e p a r e d   by  g r a d u a l l y  a d d i n g   4 , 0 0 0 c c  o f  

d i s t i l l e d   w a t e r   to   15  l b s .   of   h y d r a t e d   c a l c i u m   n i t r a t e .  

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

d i s s o l v e d   in   t h e   w a t e r .   I f   t h e   s o l u t i o n   i s   d i r t y ,   t h a t  

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

s o l u t i o n   i s   f i l t e r e d   t h r o u g h   a  65  m e s h   or  f i n e r   s i e v e .  

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

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

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

The  a q u e o u s   s o l u t i o n   of   c a l c i u m   n i t r a t e   was  q u i c k l y  

p o u r e d   in   a  t i m e   p e r i o d   of  a p p r o x i m a t e l y   5  to   7  s e c o n d s ,  



i n t o   a  l i n e r   10  w h i c h   had  b e e n   f i r e d   to  r e m o v e   r e s i d u a l  

p a t t e r n   wax.   The  s o l u t i o n   was  t h e n   i m m e d i a t e l y   p o u r e d   o u t  

of  t h e   l i n e r   w i t h o u t   a l l o w i n g   any  s o a k   t i m e .   The  t o t a l  

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

a l k a l i n e   e a r t h   s o l u t i o n   i n t o   and  o u t   of  t h e   l i n e r   10  w a s  

l e s s   t h a n   two  m i n u t e s .  

In   p o u r i n g   t h e   s o l u t i o n   o u t   of  t h e   l i n e r   10 ,   t h e  

s o l u t i o n   was  p o u r e d   o v e r   t h e   e n t i r e   a r e a   of  t h e   l i p   20  o f  

t h e   l i n e r .   T h i s   was  d o n e   by  t w i r l i n g   or  r o t a t i n g   t h e  

l i n e r   10  as  t h e   s o l u t i o n   was  p o u r e d   o u t   of  t h e   l i n e r .   B y  

p o u r i n g   t h e   s o l u t i o n   o u t   o v e r   t h e   e n t i r e   l i p   20  o f   t h e  

l i n e r   10 ,   w h e n e v e r   m o l t e n   m e t a l   i s   p o u r e d   o u t   of  t h e   l i n e r  

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

i m p r e g n a t e d   w i t h   t h e  a l k a l i n e   e a r t h .  

Once  t h e   a q u e o u s   a l k a l i n e   e a r t h   s o l u t i o n   h a d  b e e n  

p o u r e d   o u t   of  t h e   l i n e r   1 0 ,   i t   was  i n v e r t e d  a n d   d r i e d   f o r  

a  p e r i o d   of  more   t h a n   15  m i n u t e s .   A  b a t c h   or  g r o u p   o f  

t r e a t e d   l i n e r s   10  w e r e   t h e n   t r a n s f e r r e d   to   a  p r e h e a t  

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

1 , 5 0 0   to   1 , 8 0 0 ° F .   The  l i n e r s   10  w e r e   f i r e d   f o r   a  s e c o n d  

t i m e ,   a t   a  t e m p e r a t u r e   in   e x c e s s   of  1 5 0 0 ° F   f o r  

a p p r o x i m a t e l y   one   h o u r .   T h i s   r e s u l t e d   in   t h e   f o r m a t i o n   o f  

an  o x i d e   of  t h e   a l k a l i n e   e a r t h ,   t h a t   i s   c a l c i u m   o x i d e ,   o n  

t h e   i n s i d e   of  e a c h   of  t h e   l i n e r s .   A f t e r   t h e   l i n e r s   h a d  

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

f o r   u s e   in   c r u c i b l e s .  



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

w i t h   t h e   a l k a l i n e   e a r t h   c a l c i u m ,   t h e   a l k a l i n e   e a r t h  

m a g n e s i u m   has   a l s o   b e e n   u s e d .   H o w e v e r ,   i t   i s   p r e f e r r e d   t o  

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

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

be  m e l t e d   in  t h e   c r u c i b l e .   In   t h e   f o r e g o i n g   d e s c r i p t i o n ,  

t h e   r e f r a c t o r y   l i n e r   10  was  i m p r e g n a t e d   w i t h   c a l c i u m   o x i d e  

by  q u i c k l y   p o u r i n g   an  a q u e o u s   s o l u t i o n   of  t h e   a l k a l i n e  

e a r t h   i n t o   and  o u t   of  t h e   l i n e r .   H o w e v e r ,   i t   i s  

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

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

The  t r e a t e d   and  f i r e d   r e f r a c t o r y   l i n e r   10  i s   p l a c e d   i n  

a  c r u c i b l e   in  a  m a n n e r   s i m i l a r   to   t h a t   d i s c l o s e d   in   U . S .  

P a t e n t   No.  3 , 4 0 1 , 2 2 7 .   The  c r u c i b l e   l i n e r   10  i s   t h e n  

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

c o i l   s u r r o u n d i n g   t h e   c r u c i b l e   l i n e r   10  i s   e n e r g i z e d   t o  

m e l t   t h e   n i c k e l   c h r o m e   a l l o y .  

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

m a t e r i a l   w h i c h   f o r m s   t h e   b a s e   of  t h e   l i n e r   and  t h e  

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

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

r e f r a c t o r y   l i n e r   and  t h e   a l k a l i n e   e a r t h .   The  r e a c t i o n  

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

s u r f a c e   11  of  t h e   l i n e r   10 .   When  t h e   m o l t e n   m e t a l   i s  

p o u r e d   f r o m   t h e   l i n e r   10 ,   t h e   r e a c t i o n   p r o d u c t s   a d h e r e  

t i g h t l y   to   t h e   s u r f a c e   11  of  t h e   l i n e r   w i t h   t h e   r e s u l t i n g  



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

on  t he   i n s i d e   of  t h e   l i n e r .   By  m a i n t a i n i n g   a  r e l a t i v e l y  

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

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

and  c a u s i n g   d e f e c t s   in   a  r e s u l t i n g   c a s t i n g .  

When  a  r e f r a c t o r y   l i n e r   10  i s   n o t   t r e a t e d   w i t h   a n  

a l k a l i n e   e a r t h ,   a  r e l a t i v e l y   t h i n ,   p a r t i a l l y   a d h e r e n t   a n d  

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

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

The  t h i n   r e a c t i o n   l a y e r   r e m a i n i n g   in   an  u n t r e a t e d   c r u c i b l e  

l i n e r   10  a f t e r   p o u r i n g   of  t h e   n i c k e l   c h r o m e   a l l o y   PWA  1 4 2 2  

(Mar -M200   p l u s   h a f n i u m )   i s   s c h e m a t i c a l l y   i l l u s t r a t e d   i n  

F i g .   2.  The  s u r f a c e   11  of  t h e   r e f r a c t o r y   b a s e   24  of   t h e  

u n t r e a t e d   l i n e r   i s   s u b s t a n t i a l l y ,   b u t   n o t   e n t i r e l y ,  

c o v e r e d   w i t h   a  r e l a t i v e l y   t h i n   l a y e r   26  of  r e a c t i o n  

p r o d u c t .   In  t h e   one   s p e c i f i c   i n s t a n c e - i l l u s t r a t e d   in   F i g .  

2,  t h e   t h i s   t h i n   l a y e r   26  of  r e a c t i o n   p r o d u c t   had  a  

t h i c k n e s s  o f   a p p r o x i m a t e l y   0 . 0 0 0 0 5   i n c h e s .  

A l t h o u g h   t h e   r e a c t i o n   l a y e r   26  on  t h e   u n t r e a t e d  

r e f r a c t o r y   b a s e   24  of   t h e   l i n e r   of  F i g .   2  i s   r e l a t i v e l y  

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

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

of  t h e   r e f r a c t o r y   b a s e   24  of  t h e   l i n e r   to   f o r m   a  

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

a d h e r e n c e   of  t h e   l a y e r   26  to   t h e   l i n e r   or  r e f r a c t o r y   b a s e  

24  i s   shown  by  t h e   s p a c e s   28  b e t w e e n   p o r t i o n s   of  t h e   l a y e r  



26  and  t h e   b a s e   24.   Some  of  t h e s e   r e a c t i o n   p r o d u c t s ,  

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

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

S i n c e   t h e   l a y e r   26  of   r e a c t i o n   p r o d u c t   d i d   n o t   t i g h t l y  

a d h e r e   to  t h e   b a s e   24 ,   f u r t h e r   r e a c t i o n   c a n   t a k e   p l a c e  

b e t w e e n   t h e   m o l t e n   m e t a l   and  t h e   b a s e .   In   a d d i t i o n ,  

p o r t i o n s   of  t h e   l o o s e l y   a d h e r i n g   l a y e r   26  c a n   w a s h   a w a y  

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

m e t a l .  

The  r e l a t i o n s h i p   b e t w e e n   a  r e f r a c t o r y   b a s e   32  of   a  

l i n e r   10  w h i c h   has   b e e n   t r e a t e d   w i t h   an  a l k a l i n e   e a r t h   a n d  

a  r e l a t i v e l y   t h i c k   r e a c t i o n   l a y e r   34  i s   s h o w n  

s c h e m a t i c a l l y   i n   F i g .   3.  The  m o l t e n   n i c k e l   c h r o m e   a l l o y  

PWA  1422   i n   t h e   l i n e r   10  was  e x p o s e d   to   b o t h   t h e  

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

d e p o s i t e d   on  t h e   r e f r a c t o r y   b a s e   by  u s i n g   an  a q u e o u s  

s o l u t i o n   in   t h e   m a n n e r   p r e v i o u s l y   e x p l a i n e d .  T h e   m o l t e n  

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

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

w e r e   d e p o s i t e d   on  t h e   i n n e r   s i d e   s u r f a c e   of   t h e   l i n e r   1 0 .  

D u r i n g   p o u r i n g   of  t h e   m o l t e n   n i c k e l   c h r o m e   a l l o y   f r o m   t h e  

l i n e r   1 0 ,   t h e s e   p r o d u c t s   a d h e r e d   t i g h t l y   t o   t h e   i n n e r   s i d e  

s u r f a c e   11  of  t h e   l i n e r   w i t h   a  r e s u l t i n g   t h i c k   l a y e r   34  o f  

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

In   t h e   s p e c i f i c   i n s t a n c e   i l l u s t r a t e d   i n   F i g .   3,  t h e .  

r e a c t i o n   l a y e r   34  had  a  t h i c k n e s s   of  a p p r o x i m a t e l y   0 . 0 0 0 5  



i n c h e s .   The  r e a c t i o n   l a y e r   34  w h i c h   t i g h t l y   a d h e r e d   t o  

t he   t r e a t e d   l i n e r   b a s e   32  of  F i g .   3  h a s   a  t h i c k n e s s   w h i c h  

is   t e n   t i m e s   as  g r e a t   as  t h e   r e a c t i o n   l a y e r   26  w h i c h   i s  

f o r m e d   on  t he   u n t r e a t e d   l i n e r   b a s e   24  of   F i g .   2.  B y  

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

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

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

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

in  an  u n t r e a t e d   c r u c i b l e   l i n e r .   Of  c o u r s e ,   t h e   s p e c i f i c  

t h i c k n e s s   of  t he   r e a c t i o n   l a y e r   w h i c h   r e m a i n s   on  t h e  

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

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

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

of   t he   a l l o y .  

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

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

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

u s e d   to  c a s t   a r t i c l e s   w h i c h   a r e   u s e d   u n d e r   s e v e r e  

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

t u r b i n e   p o w e r   p l a n t s   in   t h e   m a n n e r   d i s c l o s e d   in   U . S .  

P a t e n t   No.  3 , 2 6 0 , 5 0 5 .   In  one  s p e c i f i c   i n s t a n c e ,   a  t o t a l  

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

c h r o m e   a l l o y .   The  b l a d e s   we re   J T 9 D - 7 R   s e c o n d   s t a g e  

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

a l l o y .   The  a l l o y   was  PWA  1455  h a v i n g   a  c o m p o s i t i o n   i n  

a c c o r d a n c e   w i t h   U n i t e d   T e c h n o l o g i e s   C o r p o r a t i o n  



s p e c i f i c a t i o n s   and  c o r r e s p o n d i n g   g e n e r a l l y   to  B 1 9 0 0   a l l o y  

w i t h   h a f n i u m .  

The  m o l t e n   n i c k e l   c h r o m e   a l l o y   ( s p e c i f i c a l l y   PWA  1 4 5 5 )  

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

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

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

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

l i n e r s   w h i c h   w e r e   of  t h e   same  c o m p o s i t i o n   e x c e p t   t h a t   t h e y  

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

f r o m   t h e   p o u r i n g   was  as  f o l l o w s :  

T h u s ,   t h e r e   was  an  11%  h i g h e r   o v e r a l l   y i e l d   f r o m   t h e  

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

a l l o y   f r o m   l i n e r s   10  i m p r e g n a t e d   w i t h   c a l c i u m   t h a n   f r o m  

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

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

In   a d d i t i o n   to   t h e   f o r e g o i n g ,   J T 9 D - 7 A   s e c o n d   s t a g e  

v a n e s   and  J T 9 D - 7 R 4   t h i r d   s t a g e   v a n e s   h a v e   b e e n   c a s t   of   t h e  

PWA  1455   n i c k e l   c h r o m e   a l l o y   u s i n g   l i n e r s   i m p r e g n a t e d   w i t h  

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



o b t a i n e d .   When  b l a d e s   or  v a n e s   a r e   to  be  c a s t   of  a  n i c k e l  

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

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

m a g n e s i u m   r a t h e r   t h a n   c a l c i u m .   In   one   s p e c i f i c   i n s t a n c e ,  

t h e   n i c k e l  c h r o m e   a l l o y   713C  was  p o u r e d   f r o m   a  c r u c i b l e  

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

e n g i n e   c o m p o n e n t .   By  e x p e r i m e n t a t i o n ,   i t   h a s   b e e n  

e s t a b l i s h e d   t h a t   t h e   use   of  a l k a l i n e   e a r t h   i m p r e g n a t e d  

c r u c i b l e   l i n e r s   10  p r o v i d e s   a  g r e a t e r   i m p r o v e m e n t   in  y i e l d  

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

H o w e v e r ,   i t   i s   b e l i e v e d   t h a t   t h e   u s e   of  a l k a l i n e   e a r t h  

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

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

In   v i ew  of  t h e   f o r e g o i n g ,   i t   i s   a p p a r e n t   t h a t   t h e  

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

l i n e r   10  w h i c h   p r o m o t e s   t h e   a d h e r e n c e   of  a  r e l a t i v e l y  

t h i c k   r e a c t i o n   l a y e r   34  to   t h e   i n s i d e   of  t h e   l i n e r   d u r i n g  

p o u r i n g   of  a  n i c k e l   c h r o m e   a l l o y ,   s u c h   as  PWA  1 4 5 5 .   T h e  

l i n e r   10  i s   f o r m e d   of  a  r e f r a c t o r y   m a t e r i a l   and  i s  

i m p r e g n a t e d   w i t h   an  a l k a l i n e   e a r t h .   The  l i n e r   10  may  b e  

i m p r e g n a t e d   w i t h   an  a l k a l i n e   e a r t h ,   s u c h   as  c a l c i u m   o x i d e  

or  m a g n e s i u m   o x i d e ,   by  p o u r i n g   an  a q u e o u s   s o l u t i o n   of  t h e  

a l k a l i n e  e a r t h   i n t o   and  o u t   of  t h e   l i n e r   b e f o r e   i t   i s  

f i r e d .  

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

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



r e f r a c t o r y   m a t e r i a l   of  t h e   l i n e r .   D u r i n g   p o u r i n g   of  t h e  

m o l t e n   a l l o y ,   an  i n t e r a c t i o n   b e t w e e n   t he   a l l o y ,   t h e  

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

r e l a t i v e l y   t h i c k   r e a c t i o n   l a y e r   34  on  t h e   i n n e r   s i d e  

s u r f a c e   11  of  t h e   l i n e r   10 .   T h i s   p r e v e n t s   t h e   r e a c t i o n  

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

of  d e f e c t s   in   a  c a s t   a r t i c l e .  



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

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

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

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

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

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

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

a l k a l i n e   e a r t h   so  t h a t   t h e   a l k a l i n e   e a r t h   and  r e f r a c t o r y  

l i n e r   can   i n t e r a c t   w i t h   t h e   m o l t e n   n i c k e l   c h r o m e   a l l o y   t o  

form  a  r e l a t i v e l y   t h i c k   l a y e r   of  r e a c t i o n   p r o d u c t   w h i c h  

can  be  m a i n t a i n e d   in   t h e   l i n e r   d u r i n g   p o u r i n g   of  t h e   a l l o y .  

2.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   1  w h e r e i n   s a i d  

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

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

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

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

of  t h e   l i n e r ,   and  h e a t i n g   t h e   l i n e r   a f t e r   p o u r i n g   t h e  

a l k a l i n e   e a r t h   s o l u t i o n   o u t   of  t h e   l i n e r   to   t h e r e b y  

d e p o s i t   t h e   a l k a l i n e   e a r t h   on  t h e   i n s i d e   of  t h e   l i n e r .  

3.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   2  w h e r e i n   s a i d  

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



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

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

m i n u t e s .  

4.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   2  w h e r e i n   s a i d  

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

t e m p e r a t u r e   in   e x c e s s   of  1 5 0 0 6 F   p r i o r   to  b e i n g   i n   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 .  

5.  A  m e t h o d   as  s e t   f o r t h   in  c l a i m   2 . w h e r e i n   s a i d  

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

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

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

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

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

p o r t i o n   of   t h e   l i n e r .  

6.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   2  w h e r e i n   s a i d  

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

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

t h e   s t e p   of  f i r i n g   t h e   l i n e r .  

7.  A  m e t h o d   as  s e t   f o r t h   in   c l a i m   1  w h e r e i n   s a i d  

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

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

c o n t a i n i n g   c a l c i u m .  



8.  A  m e t h o d   as  s e t   f o r t h   in  c l a i m   2  w h e r e i n   s a i d  

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

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

9.  A  c r u c i b l e   l i n e r   f o r m e d   by  w e t t i n g   t h e   i n s i d e   o f  

a  l i n e r   of  a  r e f r a c t o r y   m a t e r i a l . w i t h   an  a l k a l i n e   e a r t h  

s o l u t i o n   and  s u b s e q u e n t l y   f i r i n g   t h e   l i n e r .  
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