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©  Method  of  producing  a  centrifugal  casting  having  a  low  melting  point  metal  distributed  through  its  cross-section,  and 
the  centrifugal  casting. 

A  centrifugal  casting  high  in  an  easily  oxidized  element 
achieved  by  casting  a  high  melting  point  metal  on  to  an 
easily  oxidized  metal  of  lower  melting  point.  The  desirable 
distribution  of  the  oxidizable  element  through  the  cross 
section  of  a  casting  is  achieved  relying  on  the  basic  effect  of 
centrifugal  separation. 



T h i s   inven t ion   r e l a t e s   to  c e n t r i f u g a l   c a s t i n g   and  in  p a r t i c u l a r  

c a s t i n g   c e n t r i f u g a l l y   a l l o y s   con ta in ing   a  s u b s t a n t i a l   a m o u n t   o f  

a  l i gh t ,   e a s i l y   o x i d i z e d   e l e m e n t ,   e i t h e r   as  a  pu re   me ta l   or  a  

l igh t   a l loy  i t s e l f .  

C a s t i n g s   e m p l o y e d   u n d e r   o x i d a t i o n ,   c a r b u r i z a t i o n   or  c o r r o s i o n  

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

a l loy   con ta in ing   a  high  p e r c e n t a g e   of  c h r o m i u m .   In  view  of  t h e  

p r i c e   and  the  po ten t i a l   s h o r t a g e   of  c h r o m i u m   as  a  s t r a t e g i c  

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

c o n t e n t   or  i n c r e a s e   of  the  s e r v i c e   life  of  a  c h r o m i u m - c o n t a i n i n g  

a l loy   a r e   of  g r e a t   i m p o r t a n c e .   One  of  the  main   a l t e r n a t i v e s   f o r  

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

r e s i s t a n c e   is  a l u m i n u m ,   but  u n f o r t u n a t e l y   high  a l u m i n u m   s t e e l s  

c a s t   in  a i r   a re   g e n e r a l l y   u n a c c e p t a b l e   due  to  poo r   c a s t a b i l i t y  

and  the  l a r g e   a m o u n t s   of  d r o s s   and  oxides   p r e s e n t   in  the  m e t a l .  

One  of  the  ob j ec t s   of  the  p r e s e n t   invent ion  is  to  p r o d u c e   a  

c e n t r i f u g a l l y   cas t   tube  of  a  h e a t - r e s i s t a n t   a l loy   high  in  a l u m i n u m  

c o n t e n t   ( e s p e c i a l l y   at  the  ID  s u r f a c e )   whi le   n o n e t h e l e s s   p r o d u c i n g  

a  c a s t i n g   f ree   of  o b j e c t i o n a b l e   d r o s s   and  oxide  i n c l u s i o n s .  

A n o t h e r   ob jec t   of  the  p r e s e n t   invent ion  is  to  be  able   to  p r o d u c e  

at  will  g r a d i e n t s   of  c o n c e n t r a t i o n   of  the  o x i d i z a b l e   e l e m e n t   in  

the  c r o s s   s ec t ion   of  the  c a s t i n g .  

A n o t h e r   ob jec t   of  the  i n v e n t i o n   in  a  b r o a d e r   s e n s e   is  to  c a s t   a n  

e a s i l y   ox id ized   m e t a l ,   or  a  meta l   con ta in ing   an  e a s i l y   o x i d i z e d  



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

In  the  d r a w i n g :  

F i g s .   1,  1A  and  1B  a re   s e c t i o n a l   v i e w s ,   p a r t l y  

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

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

o r d i n a r y   end  caps   for   the  mold  a r e   o m i t t e d ;  

F ig .   2  is  a  p h o t o m i c r o g r a p h   ( m a g n i f i c a t i o n   6X)  o f  

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

with  the  p r e s e n t   i n v e n t i o n ;  

F ig .   2A  is  a  g r a p h   showing   d i s t r i b u t i o n s   of  e l e -  

ments   in  the  c a s t i n g ;  

F ig .   3  is  a  p h o t o m i c r o g r a p h   of  the  c a s t i ng   of  F ig .   2  

at  a  m a g n i f i c a t i o n   of  40X;  a n d  

F i g s .   4  and  4A  a re   v i ews   s i m i l a r   to  Fig .   1  s h o w i n g  

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

ment   of  the  i n v e n t i o n .  

Typica l   c e n t r i f u g a l   mold  a p p a r a t u s   is  shown  in  Fig.   1  c o m p r i s i n g  

a  c e n t r i f u g a l   mold   10.  The  m o l t e n   me ta l   for   the  ca s t i ng   p o u r s  

f rom  the  end  of  a  s p o u t   13A  which   is  p a r t   of  a  pour ing   v e s s e l   1 3 .  

B e c a u s e   of  the  r o t a t i n g   mold  the  e n t r a n t   m e t a l ,   w h a t e v e r   i t s  

kind,  s p i r a l s   down  the  ID  of  the  m o l d ,   as  the  mol ten   me ta l   w i l l  

act  l ike  any  o t h e r   f r e e   body  of  l iquid   s e e k i n g   its  own  l e v e l ,  

e s p e c i a l l y   with  the  f o r c e   of  the  r e s e r v o i r   ( v e s s e l   13)  behind  i t .  



E a r l i e r   in  the  p r o c e s s ,   a  l ight ,   low  me l t i ng   point   meta l   12  w a s  

d e p o s i t e d   in  the  s a m e   way  on  the  ID  of  the  mo ld ,   having  s o l i d i f i e d ,  

and  as  shown  in  F ig .   1  a  h e a v i e r   meta l   14  having  a  much  h i g h e r  

me l t ing   point   is  being  d e p o s i t e d   on  the  p r e v i o u s   l a y e r   of  l i g h t e r  

meta l   1 2 .  

The  f i r s t   p o r t i o n s   of  h e a v i e r   meta l   14,  t h e r e f o r e ,   will  r e m e l t  

o u t e r   l a y e r s   of  the  l i g h t e r   meta l   12  and  will  s p i r a l l y   slip  a c r o s s  

the  p a r t i a l l y   r e m e l t e d   s u b s t r a t e   of  the  l i g h t e r   me ta l   like  a  s k a t e  

on  ice.   The  o n c o m i n g   s t r e a m s   of  the  high  m e l t i n g   point  m e t a l  

g r a d u a l l y   r e m e l t   r e m a i n i n g   l ight   meta l   and  the  r e s t   of  t h e  

h e a v i e r   meta l   e v e n t u a l l y   s l ips   ove r   the  m o l t e n   a l loy  c o n t a i n i n g  

both  h e a v i e r   and  l i g h t e r   m e t a l .   At  t he se   m o m e n t s   the  l i g h t e r  

meta l   is  d i s s o l v e d   only  in  the  O . D .   a d j u s t m e n t   zone  of  the  m o l t e n  

tube  and,   t h e r e f o r e ,   this   zone  is  l i g h t e r   than  the  r e s t   of  the  m e t a l .  

B e c a u s e   of  c e n t r i f u g a l   f o r c e ,   the  h e a v i e r   me ta l   14  will  g r a v i t a t e  

in  the  d i r e c t i o n   of  the  o u t s i d e   (OD)  d i a m e t e r   of  the  c e n t r i f u g a l  

mold ,   or  s t a t ed   in  o t h e r   w o r d s ,   the  l i g h t e r   m e t a l   will  be  at  t h e  

ID  of  the  r e s u l t a n t   c a s t   tube  T .  

E s s e n t i a l l y ,   t h e r e   a r e   four   s t a g e s   in  p r i n c i p l e   a l though   in  a c t u a l  

p r a c t i c e   they  may  by  no  m e a n s   exh ib i t   the  d i s t i n c t i v e n e s s   s h o w n  

in  the  d r a w i n g .   The  f i r s t   s t age   is  s o l i d i f i c a t i o n   of  the  l ight  m e t a l  

fo l lowed  next  by  the  o c c u r r e n c e   of  the  h e a v i e r ,   high  mel t ing   p o i n t  

s p i r a l l i n g   a c r o s s   the  e a r l i e r   d e p o s i t e d   l ight   m e t a l ,   Fig.   1.  T h e  

t a p e r   shown  for  the  l i g h t e r   metal   in  F ig .   1  is  a c t u a l ,   and  i s  

d e s i r a b l e   in  s o m e   c a s e s   for   the  a c h i e v i n g   of  a  u n i f o r m   ID  a l l o y e d  

l a y e r ,   e s p e c i a l l y   when  a  l ower   ro t a t ing   speed   of  the  mold  i s  

e m p l o y e d .   In  the  th i rd   s t age   the  m e l t e d   m e t a l s   a t t a in   u n i f o r m  

wall  t h i c k n e s s   with  the  h e a v i e r   meta l   at  the  ID,  but  b e c a u s e   t h e  



mold  c o n t i n u e s   to  r o t a t e   the  h e a v i e r   me ta l   moves   to  the  O D ,  

F ig .   1B,  w h e r e   it  r e m a i n s   wh i l e   the  ca s t i ng   cools   to  t h e  

sol id   s t a t e   du r ing   the  l a s t   s t a g e .  

M o r e   s p e c i f i c a l l y ,   a  No.  356  a l u m i n u m   al loy  (6 .5   to  7 .0   % 

s i l i c o n )   was   poured   at  14500F   into  the  ro t a t ing   mold  w h i c h  

had  been  p r e h e a t e d   to  4 0 0  F .   A f t e r w a r d s ,   a  h e a t - r e s i s t a n t  

a l loy  (HRA  a l loy)   of  35  %  n i c k e l ,   19  %  c h r o m i u m ,   0 .42   % 

c a r b o n ,   1 . 2  %   s i l i con   and  1 .2  %  m a n g a n e s e   ( b a l a n c e   i r o n  

e x c e p t   fo r   i m p u r i t i e s )   is  p o u r e d   at  2 9 0 0 ° F   onto  the  e a r l i e r  

f o r m e d ,   thin  a l u m i n u m   " tube"   12  f r o m   the  s a m e   end  of  t h e  

m o l d .  

The  r e s u l t a n t   c e n t r i f u g a l l y   c a s t   tube  is  found  to  c o n t a i n   t h r e e  

z o n e s   of  m e t a l :  

(1)  an  o r d i n a r y   HRA  zone   at  the  ou t s ide   d i a m e t e r  

wi th   s o m e   r e s i d u a l   Al  d i s s o l v e d   in  i t ,  

(2)  a  t r a n s i t i o n   zone ,   a n d  

(3)  an  a l u m i n u m - r i c h   a l loy   zone   at  the  i n s i d e   d i a -  

m e t e r ,   all  zones   being  shown  in  F i g s .   2  and  3 ,  

as  will   be  e x p l a i n e d   in  m o r e   de ta i l   b e l o w .  

A l u m i n u m   oxide   c l u s t e r s   w e r e   o b s e r v e d   only  n e a r   the  i n s i d e  

d i a m e t e r   (ID)  s u r f a c e   of  the  tube ,   and  in  s u r p r i s i n g l y   s m a l l  

q u a n t i t i e s   fo r   an  a i r - m e l t e d   hea t   c o n t a i n i n g   so  much  a l u m i n u m .  

The  t h r e e   z o n e s   (1),  (2),  and  (3)  a r e   d e s i g n a t e d   in  F i g s .   2  a n d  

3.  The  OD  fo r   the  mos t   p a r t   is  the  HRA  al loy  i den t i f i ed   a b o v e  

but  c o n t a i n i n g   evenly  d i s t r i b u t e d   a l u m i n u m   n i t r i d e s   whi le   t h e  



a l u m i n u m - r i c h   a l loy   at  the  ID  c o n t a i n s   F e - N i - A l   with  s o m e  

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

c i p i t a t ed   in  i n t e r d e n d r i t i c   a r e a s .  

C l e a r l y ,   when  the  h e a v i e r   meta l   14,  F ig .   1,  was  poured   t h e  

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

which  was  then  s h i f t e d   toward   the  i n s ide   d i a m e t e r   d u r i n g  

con t inued   r o t a t i o n   of  the  mold.   H o w e v e r ,   s o m e   a l u m i n u m   i s  

d i s s o l v e d   in  the  HRA  al loy  dur ing   the  sh i f t ,   l o w e r i n g   t h e  

mel t ing   point   of  the  a l loy  at  the  OD.  The  g r e a t e r   a l l o y i n g  

with  a l u m i n u m   o c c u r s   at  the  ID,  l o w e r i n g   the  mel t ing   p o i n t  

of  that  a l loy  s t i l l   f u r t h e r .   The  ID  may  be  c o v e r e d   by  an  a l u -  

m i n u m - r i c h   ox ide   f i lm  p rov id ing   p r o t e c t i o n   a g a i n s t   f u r t h e r  

o x i d a t i o n .   T h o s e   l igh t   oxide  i n c l u s i o n s   which   get  u n d e r n e a t h  

the  f i lm  do  not  p r o p a g a t e   deeply   into  the  me ta l   owing  to  t h e i r  

l ight  we igh t   and  the  c e n t r i f u g a l   f o r c e .  

B e c a u s e   of  the  i n c r e a s e   in  a l u m i n u m   c o n t e n t   a  tube  c a s t  

c e n t r i f u g a l l y   in  the  m a n n e r   of  the  p r e s e n t   i nven t ion   w i l l  

exhib i t   h i g h e r   c o r r o s i o n ,   ox ida t ion   and  c a r b u r i z a t i o n  

r e s i s t a n c e   c o m p a r e d   to  the  c o r r e s p o n d i n g   HRA  al loy  h a v i n g  

no  a l u m i n u m .   A l s o ,   the  a l u m i n u m - r i c h   l a y e r   at  the  ID ,  

having  heavy  p r e c i p i t a t i o n   of  i n t e r m e t a l l i c   p h a s e s   and  c a r b i d e s  

will  be  h a r d e r   and  will  exhibi t   i m p r o v e d   a b r a s i o n   r e s i s t a n c e  

for  those   a p p l i c a t i o n s   w h e r e   h a r d n e s s   is  a  c o n t r o l l i n g   f a c t o r .  

The  h a r d n e s s   m e a s u r e d   at  the  ID  s u r f a c e   of  s e v e r a l   t u b u l a r  

p r o d u c t s   p r o d u c e d   a c c o r d i n g   to  the  p r e s e n t   invent ion   was  u p  

to  430  B H N .  

In  any  even t ,   the  p r o c e s s   of  the  p r e s e n t   i nven t ion   may  p e r m i t  



r e d u c t i o n   in  c h r o m i u m   con ten t   r e ly ing   on  a l u m i n u m   s u b s t i t u t i o n ,  

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

c o r r o s i o n   and  o x i d a t i o n   r e s i s t a n c e   a r e   m o s t   n e e d e d .  

The  HRA  a l loy   s p e c i f i e d   above  is  only  one  of  a  whole   host   t o  

which   the  i n v e n t i o n   may  be  a p p l i e d .   A  f a m i l y   of  HRA  a l loys   t o  

which   the  p r e s e n t   i n v e n t i o n   may  be  app l i ed   is  g iven  in  P a t e n t  

No.  4 , 0 7 7 , 8 0 1 :  

Most   of  a l u m i n u m   a l l o y s   may  be  e m p l o y e d   w i t h o u t   d i f f i c u l t y ,  

depend ing   on  the  f inal   c o m p o s i t i o n   of  m e t a l   r e q u i r e d .   A d d i t i o n s  

of  o the r   e a s i l y   o x i d i z e d   e l e m e n t s ,   such  as  t i t a n i u m   or  b o r o n ,  

can  be  p l a c e d   into  the  me ta l   12  in  the  f o r m   of  a  c o a r s e   p o w d e r  

of  t he i r   low  m e l t i n g   t e m p e r a t u r e   a l l o y s .  

When  a d d i t i o n s   of  s u r f a c e   ac t ive   e l e m e n t s   such   as  boron  a r e  

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

r e d u c e d   due  to  l o w e r i n g   of  the  s u r f a c e   t e n s i o n   be tween   t h e  

solid  s t a t e   nuc le i   and  l iquid  p h a s e .   As  a  c o n s e q u e n c e ,   l e s s  

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

bution  of  a l u m i n u m   t h rough   the  wall  of  the  c a s t i n g   r e s u l t e d .  

The  p r i n c i p l e s   of  the  invent ion   would  be  e q u a l l y   a p p l i c a b l e   w h e n  

r e p l a c i n g   the  HRA  a l loy  with  any  s tee l   such   as  a  s t a i n l e s s   s t e e l ,  



any  o the r   HRA  a l loy ,   or  a  nickel  or  coba l t   base   al loy;   i n d e e d  

the  r e p l a c e m e n t   can  be  any  al loy  me l t ing   a p p r e c i a b l y   h i g h e r  

and  which  is  a p p r e c i a b l y   h e a v i e r   than  the  l ight   w e i g h t   a l l o y  

and  which  is  a d v a n t a g e d   or  i m p r o v e d   by  having  the  l ight   w e i g h t ,  

low  me l t ing   point   me t a l   move  t h e r e t h r o u g h   whi le   both  a r e   in  

the  mol ten   s t a t e .  

P r e f e r a b l y   the  mold  will  be  p r e h e a t e d   at  3 5 0 ° F - 4 0 0 ° F   to  a v o i d  

p r e m a t u r e   s o l i d i f i c a t i o n   when  the  l o w e r   m e l t i n g   point   me ta l   i s  

f i r s t   i n t r o d u c e d   to  the  mold  cavi ty .   S ince   the  mold  in  m o s t  

i n s t a n c e s   will  have  a  mold  wash   l ining  ( e . g .   one  s i x t e e n t h  

of  an  inch  th ick)   on  the  i n s ide   d i a m e t e r   d e r i v e d   f r o m   a  m i x t u r e  

of  s i l i ca   and  w a t e r ,   hea t ing   the  mold  to  d r i v e   off  the  w a t e r   w i l l  

a l so   afford  a l l ,   if  not  the  m a j o r   pa r t   of  the  p r e h e a t .  

F o r   any  g iven  a m o u n t   of  l i g h t e r ,   low  me l t ing   point   m e t a l  

in i t i a l ly   pou red   the  d i s t r i b u t i o n   of  the  l i g h t e r   e l e m e n t   t h r o u g h  

the  c r o s s   s e c t i o n   of  the  c a s t i ng   will  be  p r o p o r t i o n a l   to  t h e  

fo l lowing   m a j o r   i n f l u e n c e s :  

(1)  The  r o t a t i o n a l   speed   of  the  mold  ove r   the  t i m e  

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

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

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

me ta l   mov ing   r a d i a l l y   ou t s ide ;   h i g h e r   r o t a t i o n a l  

s p e e d   will  a l so   r e s u l t   in  h ighe r   l o n g i t u d i n a l  

v e l o c i t y   of  the  h e a v i e r   m e t a l ,   so  that   l e s s   h e a t  

is  los t   d u r i n g   this  per iod   of  the  p r o c e s s   a n d ,  

t h e r e f o r e ,   m o r e   t ime  is  a v a i l a b l e   for  the  c e n t r i -  

fugal  s e p a r a t i o n ;  



(2)  The  p o u r i n g   t e m p e r a t u r e   of  the  h e a v i e r   m e t a l ,  

b e c a u s e   when  the  meta l   is  p o u r e d  " h o t t e r " ,   t h e  

total   t i m e   of  s o l i d i f i c a t i o n   is  i n c r e a s e d   and  m o r e  

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

p o s s e s s e s   h i g h e r   f lu idi ty   at  h i g h e r   t e m p e r a t u r e s  

it  will  move   m o r e   quickly   in  the  l o n g i t u d i n a l  

d i r e c t i o n   in  the  f i r s t   m o m e n t s   of  the  p r o c e s s ;  

(3)  The  t h i c k n e s s   of  the  mold  w a s h ,   b e c a u s e   it  a l s o  

i n f l u e n c e s   the  total  t ime  of  m e t a l   s o l i d i f i c a t i o n s .  

It  will  be  r e c o g n i z e d   tha t   a l loying  be tween   the  l ight   and  h e a v y  

m e t a l s   t akes   p l a c e   i n s ide   the  mold.   At  all  t i m e s   the  l ight   m e t a l ,  

if  e a s i l y   o x i d i z e d ,   is  p r e v e n t e d   f r o m   doing  so  to  any  o b j e c t i o n -  

able  d e g r e e .   The  o b j e c t i o n a b l e   ox ida t ion   is  tha t   which  o r d i n a r i l y  

o c c u r s   when  an  HRA  m e t a l ,   c o m b i n e d   with  a l u m i n u m ,   is  p o u r e d  

into  the  mold  f r o m   a  v e s s e l   as  13,  at  or  above   the  mel t ing   p o i n t  

of  the  H R A - a l u m i n u m   a l loy .   O b j e c t i o n a b l e   o x i d a t i o n   does  n o t  

o c c u r   when  m e r e l y   p o u r i n g   the  a l u m i n u m   a l loy   at  its  m e l t i n g  

point   into  a  p r e h e a t e d   mold ,   say  when  p o u r i n g   at  1400°F  into  a  

mold  at  4 0 0  F .   Now  then ,   when  the  HRA  m e t a l   14,  not  yet   a l l o y e d  

with  a l u m i n u m   12,  is  p o u r e d   at  say  2 9 0 0 0 F ,   the  a l u m i n u m ,  

though  m e l t i n g   on  c o n t a c t ,   F ig .   1,  is  c o v e r e d   by  the  mo l t en   H R A  

meta l   which   i n d u c e s   the  m e l t i n g ,   and  hence   the  eas i ly   o x i d i z e d  

meta l   is  b l a n k e t e d   a g a i n s t   ox ida t ion .   In  c o m p a r i s o n ,   an  H R A -  

a l u m i n u m   al loy  of  the  p r o p o r t i o n   s p e c i f i e d   a b o v e ,   when  p o u r e d  

all  at  once ,   will  e x h i b i t   a  d r o s s y ,   p o r o u s ,   heav i ly   ox id ized   ID 

which  can  be  r e n d e r e d   a c c e p t a b l e   only  at  an  e x h o r b i t a n t   m a c h i n i n g  

cost   to  r e d u c e   the  wall  t h i c k n e s s   to  a  r a d i u s   of  sound  meta l ;   t h e  

loss   in  y ie ld   is  p r o h i b i t i v e   in  mos t   i n s t a n c e s .  



A  f u r t h e r   a d v a n t a g e   is  the  ab i l i ty   to  pour   the  HRA  metal   14  a t  

a  t e m p e r a t u r e   l o w e r   than  h e r e t o f o r e .   T h u s ,   the  HRA  m e t a l  

or  the  high  m e l t i n g   point   metal   is  u s u a l l y   p o u r e d   at  a  t e m p e r a t u r e  

c o n s i d e r a b l y   above   the  l iqu idus   so  it  will  not  be  so l i d i f i ed   t o o  

qu ick ly   by  the  much   c o o l e r   mold.   Such   is  not  n e c e s s a r y   u n d e r  

the  p r e s e n t   i n v e n t i o n ,   e s p e c i a l l y   when  the  l i g h t e r   meta l   i s  

a l u m i n u m   b e c a u s e   in  that   case   the  a l u m i n u m   not  only  m e l t s ,  

b e c o m i n g   a  " l u b r i c a n t " ,   it  is  d i s s o l v e d   in  the  HRA  mol ten   m e t a l  

at  the  s a m e   t ime   and  heat   or  so lu t ion   is  g e n e r a t e d ,   mean ing   t h e  

HRA  meta l   need  not  be  poured   at  the  h i g h e r   t e m p e r a t u r e   t o  

a s s u r e   s u s t a i n e d   f l u i d i t y .  

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

u s u a l l y   m e a n s   (and  in  the  case   of  H R A - a l u m i n u m )   does  m e a n  

a  s t r o n g e r   c a s t i n g .  

In  a c c o r d a n c e   with  the  b r o a d e r   o b j e c t i v e   of  the  i nven t ion   it  i s  

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

and  i m p r o v e   the  s u r f a c e   qual i ty   of  the  c a s t i n g s   even  at  the  ID .  

This   is  made   p o s s i b l e   by  d i s p l a c i n g   a i r   f r o m   the  mold ,   a f t e r   t h e  

l ight   me ta l   has  s o l i d i f i e d ,   with  a  conf ined   body  of  n o n - o x i d i z i n g  

gas  which  i t s e l f   is  a f t e r w a r d s   d i s p l a c e d   as  an  i nc iden t   to  c a s t i n g  

the  heavy  me ta l   or  a l loy .   Thus ,   r e f e r r i n g   to  F ig .   4,  a  c e n t r i -  

fugal  mold  20  is  p r o v i d e d   with  the  usua l   end  c a p s ,   but  in  t h i s  

i n s t a n c e   one  end  cap  22  is  p rov ided   with  one  or  m o r e   v e n t  

o p e n i n g s   24  and  the  o t h e r   end  cap  26  has  a  c e n t r a l   a p e r t u r e   2 6 A  

of  a  s i ze   to  a d m i t   a  l ance   28  which  f eeds   a  n o n - o x i d i z i n g   g a s  

such  as  a rgon   into  the  mold  i n t e r i o r   a f t e r   the  l ight   meta l   h a s  

s o l i d i f i e d .   A r g o n   d i s p l a c e s   a i r   out  the  ven t   ho le ,   which  i s  

con t inued   until  the  body  of  gas  ins ide   the  mold  is  the  n o n - o x i d i z i n g  



gas .   The  l a n c e   is  w i t h d r a w n   and  the  o p e n i n g s   in  the  end  c a p s  

a re   t e m p o r a r i l y   s e a l e d   with  a  d i s p l a c e a b l e   plug  or  r u p t u r a b l e  

d i a p h r a g m   (not  s h o w n )   which  may  be  nothing  m o r e   than  a  

p iece   of  p l a s t i c   f i l m .  

When  the  c a s t i n g   is  to  be  c o m p l e t e d ,   the  pou r ing   spou t   30  o f  

a  p o u r i n g   v e s s e l   32  is  p o s i t i o n e d   in  a p e r t u r e   26A  i n c i d e n t a l  

to  a l l owing   m o l t e n   meta l   34  (heavy  m e t a l )   to  pour   onto  the  p r e -  

v ious ly   p o u r e d   l ight   al loy  at  the  i n s ide   d i a m e t e r   of  the  m o l d ,  

which  is  being  r o t a t e d .  

The  m o l t e n   m e t a l   expands   the  gas  (NG)  which   is  f o r c e d   f r o m  

the  mold  at  the  vent   24  and  at  the  a n n u l a r   vent ing   s p a c e   p r e -  

sen ted   by  a p e r t u r e   2 6 A .  

The  n o n - o x i d i z i n g   gas  con t i nues   to  be  d i s p l a c e d   as  the  m o l t e n  

meta l   s p i r a l s   down  the  mold,   s e e k i n g   its  own  level   as  a n y  

o the r   f luid  b o d y .  

S ince   the  mold   was   and  r e m a i n s   a i r - f r e e   f r o m   the  i n c e p t i o n  

of  p o u r i n g   the  h e a v i e r   meta l   t h e r e   can  be  no  a p p r e c i a b l e  

ox ida t i on   of  the  m o l t e n   m e t a l ,   nor   f o r m a t i o n   of  n o n m e t a l l i c  

i n c l u s i o n s   at  the  I D .  



1 .  A  method  of  p r o d u c i n g   a  c e n t r i f u g a l   c a s t i n g   having   a  

low  m e l t i n g   point  meta l   d i s t r i b u t e d   t h r o u g h   its  c r o s s   s e c t i o n  

and  c o m p r i s i n g :  

c a s t i n g   the  l i g h t e r   low  m e l t i n g   point  meta l   on  t h e  

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

c a s t i n g   a  h e a v i e r   high  m e l t i n g   point   meta l   atop  t h e  

l i g h t e r   metal   in  the  r o t a t i n g   c e n t r i f u g a l   m o l d ;  

c o n t i n u i n g   r o t a t i o n   of  the  c e n t r i f u g a l   mold  r e s u l t -  

ing  in  m i g r a t i o n   of  the  h e a v i e r   meta l   t h r o u g h   t h e  

l i g h t e r   metal   t oward   the  o u t s i d e   d i a m e t e r   of  t h e  

mold;   a n d  

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

has  s o l i d i f i e d .  

2.  A  method  a c c o r d i n g   to  c l a i m   1  in  which  the  c a s t i n g  

is  t u b u l a r ,   in  which  the  l i g h t e r   me t a l   is  p r i n c i p a l l y   a l u m i n u m  

and  in  wh ich   the  h e a v i e r   me ta l   is  a  heat   r e s i s t a n t   a l loy   c o n s i s t -  

ing  e s s e n t i a l l y   of: 

3.  A  method  a c c o r d i n g   to  c l a i m   1  in  which  the  h e a v y  

meta l   is  s e l e c t e d   f rom  the  g r o u p   c o n s i s t i n g   of  s t e e l ,   c o b a l t  

base   a l l o y s ,   nickel  base  a l l o y s ,   and  heat   r e s i s t a n t   a l l o y s  

c o n t a i n i n g   both  nickel  and  c h r o m i u m .  



4.  A  c e n t r i f u g a l   c a s t i n g   having  a  zone  of  heavy   m e t a l  

a l loy  c o n t a i n i n g   a  l i g h t e r   me ta l   at  the  o u t s i d e ,   a  zone   h a v i n g  

a  h i g h e r   c o n c e n t r a t i o n   of  the  l i g h t e r   meta l   on  the  i n s i d e   a n d  

a  t r a n s i t i o n   zone  b e t w e e n   the  o the r   two  z o n e s .  

5.  A  c e n t r i f u g a l   c a s t i n g   a c c o r d i n g   to  c l a i m   4  of  t u b u l a r  

f o r m   in  which   the  l i g h t e r   me ta l   is  p r i n c i p a l l y   a l u m i n u m   and  in  

which   the  heavy   me ta l   c o n s i s t s   e s s e n t i a l l y   o f  

6.  A  me thod   for   p r e c l u d i n g   a t m o s p h e r i c   oxygen   f r o m   a  

mo l t en   me ta l   which   is  e a s i l y   oxid ized   c o m p r i s i n g :  

c a s t i n g   the  e a s i l y   ox id ized   meta l   onto  the  i n s i d e  

d i a m e t e r   of  a  r o t a t i n g   c e n t r i f u g a l   mold   and  a l l o w i n g  

the  e a s i l y   o x i d i z e d   meta l   to  so l id i fy   in  the  m o l d ;  

c a s t i n g   a  h i g h e r   m e l t i n g   point  me ta l   onto  t h e  

s o l i d i f i e d   me ta l   wh i l e   ro ta t ing   the  m o l d ,   the  h i g h  

m e l t i n g   point   m e t a l   g r a d u a l l y   r e m e l t i n g   the  e a s i l y  

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

the  l eng th   t h e r e o f   as  a  p r o t e c t i v e   b l a n k e t ;  

c o n t i n u i n g   r o t a t i o n   of  the  c e n t r i f u g a l   mold   u n t i l  

the  e a s i l y   o x i d i z e d   meta l   is  e n t i r e l y   c o v e r e d   by  

the  b lanket ;   a n d  

a l l owing   the  h i g h e r   mel t ing   point  me t a l   to  s o l i d i f y  

to  c o m p l e t e   a  c e n t r i f u g a l l y   cas t   tube  of  both  m e t a l s .  



7.  A  method   a c c o r d i n g   to  c l a i m   6  in  which  the  e a s i l y  

o x i d i z e d   me ta l   is  a l u m i n u m .  

8.  A  method   a c c o r d i n g   to  c l a i m   6  or  7  i n c l u d i n g   t h e  

s tep   b e t w e e n   pou r ing   the  l ight   me ta l   and  heavy  me ta l   of  d i s -  

p l a c i n g   a i r   f r om  the  i n t e r i o r   of  the  mold  with  a  n o n - o x i d i z i n g  

g a s ,   and  conf in ing   the  body  of  n o n o x i d i z i n g   gas  to  the  i n t e r i o r  

of  the  mold;   and  p r o v i d i n g   for   e s c a p e   of  the  body  of  n o n -  

o x i d i z i n g   gas  when  p o u r i n g   the  heavy  m e t a l .  

9.  A  method   a c c o r d i n g   to  c l a i m   8  in  which   the  m o l d  

has  end  caps   of  which   at  l e a s t   one  is  p r o v i d e d   with  a  v e n t  

r ou t e   for   the  e s c a p e   of  n o n o x i d i z i n g   gas  and  i nc lud ing   t h e  

s tep   of  s e a l i n g   that   vent   route   to  c o n f i r m   the  body  of  n o n -  

o x i d i z i n g   gas  until  the  heavy  me ta l   is  p o u r e d .  
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