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@  Alloy  remeltlng  process. 

A  remelting  process  for  producing  an  alloyed  ingot  having  a 
substantially  homogeneous  distribution  of  components  which 
tend  to  form  band  macrosegregations,  comprises  the  steps  of: 

providing  at  least  one  consumable  ingot  (10,12)  above  a 
mould  (24)  the  ingot  (10,  12)  having  a  composition  of  the  ingot 
(26)  to  be  produced  in  the  mould  (24),  the  composition  having  at 
least  two  components  characterized  by  their  substantially  diffe- 
rent  specific  gravities  and  substantially  different  melting  point; 

heating  a  portion  of  the  ingot  (10,  12)  to  a  temperature 
between  the  solidus  and  liquidus  temperatures  of  the  alloyed 
composition  for  forming  partially  solidified  droplets  which  fall  to  a 
mushy  body  (27)  of  droplets  on  the  ingot  (26)  in  the  mould  (24); 
and 

solidifying  the  remaining  liquid  in  the  mushy  body. 



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

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

d i s t r i b u t i o n   of  componen t s   ( i . e . ,   c h e m i c a l   e l e m e n t s )   w h i c h  

would  o t h e r w i s e   t end   to  s e g r e g a t e   in  m a c r o s c o p i c   a r e a s   of  t h e  

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

Complex  a l l o y s   and  a l l o y s   hav ing   r e a c t i v e   e l e m e n t s   a r e  

commonly  p r o d u c e d   by  p r i m a r y   m e l t i n g   p r o c e s s e s   such  as  v a c u u m  

i n d u c t i o n   m e l t i n g   (VIM)  to  o b t a i n   e x c e l l e n t  m e l t   c o m p o s i t i o n  

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

is  pou red   from  the   VIM  c r u c i b l e   i n t o   l a r g e   moulds   in  a  

r e l a t i v e l y   s h o r t   t ime .   Thus,   the   m a j o r i t y   of  the   s o l i d i f i c a t i o n  

o c c u r s   a f t e r   the   mould  is  f u l l .   Many  of  t h e s e   a l l o y s   have  w i d e  

s o l i d i f i c a t i o n   r a n g e s   ( i . e . ,   the  d i f f e r e n c e   be tween   the   s o l i d u s   a n d  

and  l i q u i d u s   t e m p e r a t u r e s )   and  t h e i r   s o l u t e s   have  d i f f e r e n t  

s o l u b i l i t i e s   in  the   s o l i d   vs.   l i q u i d   s o l v e n t .   Thus,   t h e  

f i r s t   m e t a l   to  s o l i d i f y   may  be  v a s t l y   d i f f e r e n t   in  c h e m i c a l  

c o m p o s i t i o n   than   the  l a s t   m e t a l   to  s o l i d i f y   and  g r o s s   i n g o t  

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

The  above  m a c r o s e g r e g a t i o n   (and  a l s o   s t r u c t u r a l   d e f e c t s  



such  as  s h r i n k a g e   v o i d s   and  p o r o s i t y )   t h a t   r e s u l t   from  p r i m a r y  

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

by  s e c o n d a r y   r e m e l t i n g   t e c h n i q u e s   such  as  vacuum  arc  r e m e l t i n g  

(VAR)  and  e l e c t r o s l a g   r e m e l t i n g   (ESR)  in  o r d e r   to  p r o d u c e   i n g o t s  

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

s t r u c t u r e .   The  VIM  c a s t i n g s   a re   r e m e l t e d   in  t h e s e   p r o c e s s e s  

as  c o n s u m a b l e   e l e c t r o d e s   i n t o   a  co ld   c r u c i b l e .   (The  c h e m i c a l  

h o m o g e n e i t y   of  the   r e s u l t i n g   i n g o t   is  improved   by  zone  r e f i n i n g ,  

w h e r e a s   the   m o l t e n   m e t a l   poo l   s i z e   is  c o n t r o l l e d   and  l i m i t e d  

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

t h e s e   p r o c e s s e s ,   s o l u t e   is  r e j e c t e d   i n t o   the  m o l t e n   pool   a h e a d  

of  the   s o l i d - l i q u i d   i n t e r f a c e ,   w h i l e   more  l i q u i d   is  added  to  t h e  

m o l t e n   pool   from  the   m e l t i n g   e l e c t r o d e .   Thus ,   the   c o m p o s i t i o n  

of  the   l i q u i d   ahead  of  the   s o l i d - l i q u i d   i n t e r f a c e   is  n e a r l y  

e q u i v a l e n t   to  the   e x a c t   e l e c t r o d e   c o m p o s i t i o n   d u r i n g   t h e  

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

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

co ld   c r u c i b l e   a l s o   improves   the  p h y s i c a l   h o m o g e n e i t y   of  t h e  

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

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

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

s e c o n d a r y   r e m e l t i n g   complex  and  r e a c t i v e   a l l o y s   by  VAR  a n d  

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

c o l u m n a r   d e n d r i t i c   g rowth .   These   d e n d r i t e s   a re   f i n g e r l i k e   s o l i d  

p r o j e c t i o n s   g rowing   from  the  s o l i d i f i e d   i n g o t   i n t o   the  l i q u i d .  

The  volume  of  m a t e r i a l   where  l i q u i d   and  s o l i d   c o - e x i s t   at  a  

g i v e n   t ime   d u r i n g   s o l i d i f i c a t i o n   is  t e rmed   the   "mushy  z o n e " .  

The  movement  of  l i q u i d   or  s o l i d   w i t h i n   the  mushy  zone  can  c a u s e  



a r e a s   of  l o c a l i z e d   s e g r e g a t i o n   by  e n t r a p m e n t   of  the  l i q u i d   o r  

s o l i d   be tween   the  g rowing   d e n d r i t e s 1 .   L i q u i d   me ta l   movemen t  

may  r e s u l t   from  t h e r m a l   c o n t r a c t i o n s ,   s o l i d i f i c a t i o n s   s h r i n k a g e  

and  d e n s i t y   d i f f e r e n c e s   in  the  l i q u i d .   U n s t a b l e   i n t e r d e n t r i t i c  

f l u i d   f low  d u r i n g   VAR  and  ESR  p r o c e s s i n g   o f t e n   r e s u l t s   i n  

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

or  " b a n d i n g "   in  the   i n g o t .   P r e v i o u s   a t t e m p t s   to  c o n t r o l   t h e  

l i q u i d   f low  d u r i n g   s e c o n d a r y   r e m e l t i n g ,   by  means  such  a s  

e l e c t r o m a g n e t i c   s t i r r i n g   d u r i n g   vacuum  arc   r e m e l t i n g ,   in  o r d e r  

to  m i n i m i z e   m a c r o s e g r e g a t i o n ,   have  f a i l e d   and  have  o f t e n  

r e s u l t e d   in  i n c r e a s e d   i n g o t   s e g r e g a t i o n .  2 / 3  

M a t e r i a l s   such  as  u r a n i u m - n i o b i u m   a l l o y s   have  a  g r e a t e r  

p r o p e n s i t y   to  s e g r e g a t e   in  sma l l   d i a m e t e r   (203.2mm)  (8")  VAR 

i n g o t s   due  to  t h e i r   s u b s t a n t i a l l y   d i f f e r e n t   a t omic   w e i g h t s   a n d  

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

i t s   u n s t a b l e   f low  in  the  mushy  zone  c r e a t e   b a n d i n g   and  g r o s s  

i n g o t   s e g r e g a t i o n .   (Banding  has  been  somewhat  a r b i t r a r i l y  

d e f i n e d   by  J e s s e n   in  t h i s   s y s t e m   as  a  l a y e r e d   c h e m i c a l  

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

w i t h   g r a d i e n t s   of  +  1  w/o  Nb  over   5-10  mm  which  s e g r e g a t i o n  

is   seen  on  r a d i o g r a p h s   as  c o n t i n u o u s   g r a d i e n t s   of  n i o b i u m  

(0.1  w/o  Nb  b o t t o m - t o - t o p   and  0 .14  w/o  Nb  edge  to  c e n t r e ) .  

F l e m i n g s   et  a l . 1   has  shown  fo r   u n i d i r e c t i o n a l   s o l i d i f i c a t i o n  

t h a t   q u a l i t a t i v e   r e l a t i o n s h i p   e x i s t s   be tween   f l u i d   f low  a n d  

the  t h e r m a l   e n v i r o n m e n t   b e t w e e n   g rowing   d e n d r i t e s   and  t h e  

t h e r m a l   e n v i r o n m e n t   be tween   g rowing   d e n d r i t e s   in  the   mushy  z o n e  

F l e m i n g s ,   S o l i d   P r o c e s s i n g  
2Trans.  I n t .   Vac.  M e t . C o n f .  1 9 6 7 ,   pg .695   Buehl  &  M c C a u l y .  

"  -  "  1968,  pg  599  J.W.  T r a u t m a n .  



Abdrup t   c h a n g e s   in  the  h e a t   t r a n s f e r   r a t e   r e s u l t   in  s o l u t e - r i c h  

or  s u l u t e - p o o r   bands ,   Zanner   et  a l . 4   a re   c u r r e n t l y   a n a l y z i n g  

the   vacuum  arc   r e m e l t i n g   of  u r an ium  n iob ium  a l l o y s   by  n u m e r i c a l  

and  e x p e r i m e n t a l   methods   in  o r d e r   to  r e d u c e   m a c r o s e g r e g a t i o n  

by  improved   p r o c e s s   c o n t r o l .   The  i n h e r e n t   c o m p l e x i t y   of  t h e  

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

r e m e l t i n g   by  an  e l e c t r i c   arc  in  i n t i m a t e   c o n t a c t   wi th   a  

s u p e r h e a t e d   l i q u i d - m e t a l   pool   l i m i t s   the   d e g r e e   of  p r o c e s s  

c o n t r o l   t h a t   can  be  a c h i e v e d   and  a l s o   the   d e g r e e   o f  

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

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

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

d i s t r i b u t i o n   of  componen t s   which  t end   to  form  band  m a c r o -  

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

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

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

p r o d u c e d   in  t he   mould ,   the   c o m p o s i t i o n   hav ing   at   l e a s t  

two  componen t s   c h a r a c t e r i z e d   by  t h e i r   s u b s t a n t i a l l y  

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

m e l t i n g   p o i n t s ;  

h e a t i n g   a  p o r t i o n   of  the   i n g o t   to  a  t e m p e r a t u r e   b e t w e e n  

the   s o l i d u s   and  l i q u i d u s   t e m p e r a t u r e s   of  the   a l l o y e d  

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

which   f a l l   to  a  mushy  body  of  d r o p l e t s   on  the   i n g o t   i n  

the   mould;   a n d  

s o l i d i f y i n g   the   r e m a i n i n g   l i q u i d   in  the   mushy  b o d y .  

The  r e m e l t i n g   method  of  the   p r e s e n t   i n v e n t i o n   p r o d u c e s  

an  a l l o y e d   i n g o t   h a v i n g   a  s u b s t a n t i a l l y   homogeneous   d i s t r i b u t i o n  

of  a l l o y i n g   e l e m e n t s   (such  as  u r a n i u m - n i o b i u m   or  c o p p e r -  

4Zanner   e t   a l . ,   " C o m p u t a t i o n a l   and  E x p e r i m e n t a l   A n a l y s i s   of  a  
U-6  w/o  Nb  Vacuum  Consumable   Arc  Reme l t ed   I n g o t " .  



aluminum  a l l o y s   and  the  l i k e )   which  t end   to  form  " b a n d i n g "   ( a n d  

" f r e c k l e " )   m a c r o s e g r e g a t i o n s   when  r e m e l t e d   by  VAR  and  ESR 

t e c h n i q u e s .   In  c o n t r a s t   wi th   p r i o r   a r t   me thods   for   s o l i d i f y i n g  

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

d e n d r i t e s   g rowing   from  the  i n g o t   s u r f a c e ,   the   method  of  t h e  

p r e s e n t   i n v e n t i o n   depends   upon  the  s o l i d i f i c a t i o n   of  most  o f  

the   l i q u i d   by  homogeneous   n u c l e a t i o n ,   c r e a t i n g   a  mushy  z o n e  

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

v i s c o u s   c o n s i s t e n c y ,   l i k e   a  m i l k - s h a k e ,   which  a l l o w s   n e g l i g i b l e  

i f   any  c i r c u l a t i o n   of  the   l i q u i d .   There   is  s u b s t a n t i a l l y   no  

c i r c u l a t i o n   of  l i q u i d   and  thus   no  sudden   changes   in  c o n v e c t i o n  

of  the  l i q u i d   in  the  mushy  zone  b e c a u s e   the   h o m o g e n e o u s  

m i x t u r e   of  s o l i d   p a r t i c l e s   and  l i q u i d   e f f e c t i v e l y   r e t a r d s   t h e  

movement  of  l i q u i d   d u r i n g   s o l i d i f i c a t i o n .   S o l i d i f i c a t i o n   o c c u r s  

b e f o r e   l i q u i d   can  s e g r e g a t e   b e c a u s e   the   s o l i d   p a r t i c l e s  

t h r o u g h o u t   the  body  a b s o r b   at  l e a s t   a  p o r t i o n   of  the   h e a t  

of  f u s i o n   so  t h a t   no  a r ea   of  the   body  is  s u p e r h e a t e d ,   a n d  

t h e r e   are  no  a b r u p t   changes   in  the   h e a t   t r a n s f e r   r a t e .   A l s o ,  

the   s o l i d i f i c a t i o n   p r o c e e d s   more  r a p i d l y   t han   VAR  and  ESR 

s i n c e   t h e r e   is  no  s u p e r h e a t e d   l i q u i d   pool   above  the  mushy  z o n e .  

The  d r o p l e t s   f a l l i n g   o f f   the   m e l t i n g   i n g o t   onto   the  i n g o t  

c o n t a i n   s o l i d   n u c e l i i   and  c o l l e c t i v e l y   form  the  mushy  zone  o n  

the  i n g o t s   t h e m s e l v e s .  

For  the   p u r p o s e s   of  d e f i n i t i o n ,   the   term  "mushy"  as  u s e d  

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

be tween   the  l i q u i d u s   and  the   s o l i d u s   t e m p e r a t u r e s .   T h e s e  

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

t h e r m a l   a n a l y s i s ;   see ,   e . g . ,   W i l l i a m   J.  Boesch  et  a l . ,  



D i f f e r e n t i a l   Thermal   A n a l y s i s  D e t e c t   Supe - r a l l oy   R e a c t i o n s ,  

METALS  PROGRESS,  O c t o b e r   1975,  for   an  a r t i c l e   d e s c r i b i n g   t h e  

t e c h n i q u e .  

The  p r o c e s s   of  the   p r e s e n t   i n v e n t i o n   may  be  p a r t i c u l a r l y  

u s e f u l   in  c o n n e c t i o n   wi th   s y s t e m s   which  are  c h a r a c t e r i z e d   by  

i n v e r s e   s e g r e g a t i o n ,   i . e . ,   where  the   one  component   hav ing   a  

r e l a t i v e l y   h igh   m e l t i n g   p o i n t   a l s o   has  a  r e l a t i v e l y   low  s p e c i f i c  

g r a v i t y   or  where  the   one  component   hav ing   a  r e l a t i v e l y   l ow  

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

The  p r e s e n t   i n v e n t i o n   w i l l   be  more  c o m p l e t e l y   u n d e r s t o o d  

w i t h   r e f e r e n c e   to  the   p r e f e r r e d   embodiment   which  is  i l l u s t r a t e d  

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

As  is  shown  by  the   d r awing   at  l e a s t   one  c o n s u m a b l e  

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

above  a  mould  (or  c r u c i b l e )   24.  The  p r e f e r r e d   p r a c t i c e   a n d  

f i g u r e   a r e   d e s c r i b e d   in  more  c o m p l e t e   d e t a i l   in  U.S.  P a t e n t   No. 

4 , 2 6 1 , 4 1 2 ,   which   i s   a s s i g n e d   to  he  A p p l i c a n t s   o f  t h e   p r e s e n t  

a p p l i c a t i o n   and  is  h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e .   The  

c o n s u m a b l e   i n g o t   10  may  be  p r e a l l o y e d   and  have  a  n o m i n a l  

c o m p o s i t i o n   of  the   i n g o t   to  be  c a s t   or ,   l e s s   commonly,  t h e  

i n g o t   may  c o m p r i s e   a l t e r n a t e   s t r i p s   of  the   m e t a l s   which  make  

up  the  a l l o y   s y s t e m .   A l so ,   as  is  shown  in  the  f i g u r e   t h e r e  

may  be  two  i n g o t s   bo th   of  which  may  be  c o n s u m a b l e .   Also  t h e r e  

may  be  m u l t i p l e   p a i r s   of  i n g o t s   consumed  s i m u l t a n e o u s l y .   I n  

a d d i t i o n   to  a rc   p r o c e s s e s ,   t he   i n g o t   or  i n g o t s   may  a l s o   b e  

m e l t e d   (as  d e s c r i b e d   below)  by  e l e c t r o n   beams,   p lasma  arc   a n d  

l i k e   p r o c e s s e s .  



A  203.2mm  (8  inch)  d i a m e t e r   VIM  p r e a l l o y e d   4.3  w / o  

c o p p e r - a l u m i n i u m   i n g o t   was  m e l t e d   in  a c c o r d a n c e   wi th   the  p r e s e n t  

i n v e n t i o n   i n to   a  152.4mm  (6  inch)   d i a m e t e r   by  355.6mm  (14  i n c h e s )  

long  r e m e l t e d   i n g o t   in  a  f u r n a c e   d e p i c t e d   in  the  f i g u r e .   T h e  

i n g o t   was  m e l t e d   at   a  r a t e   of  3 . 3 7 5 . k g   (7.5  pounds)   per  m i n u t e  

at  a  nomina l   c u r r e n t   of  4000  amps  and  v o l t a g e   of  26  to  28  v o l t s .  

Seven  Type  K  t h e r m o c o u p l e s   at  50.8mm  (2  inch)   i n t e r v a l s   a l o n g  

t h e  s i d e w a l l   of  the  mould  24  m e a s u r e d   the  t e m p e r a t u r e   of  t h e  

i n g o t   be ing   formed.   In  a c c o r d a n c e   wi th   the  p r a c t i c e   of  t h e  

p r e s e n t   i n v e n t i o n ,   a  p o r t i o n   of  the   c o n s u m a b l e   i n g o t   10  was  

h e a t e d   to  a  t e m p e r a t u r e   be tween   the   s o l i d u s   and  l i q u i d u s  

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

in  t he   mould  below.   A  second   i n g o t   (in  t h i s   c a s e ,   a  c o n s u m a b l e  

i n g o t )   12  hav ing   the  same  c o m p o s i t i o n   was  p o s i t i o n e d   near   to  t h e  

f i r s t   i n g o t   10  to  form  a  gap  14  be tween   t h e i r   a d j a c e n t   e n d s .  

An  e l e c t r i c   arc  was  s t r u c k   in  the  gap  14  be tween   the  a d j a c e n t  

ends  of  i n g o t s   10  and  12.  When  the  t e m p e r a t u r e   of  the   i n g o t s  

10  and  12  e x c e e d e d   the  s o l i d u s   t e m p e r a t u r e ,   p a r t i a l l y   s o l i d i f i e d  

d r o p l e t s   20  began  to  f a l l   onto  the  i n g o t   26  in  the   mould  24  a n d  

form  a  mushy  body  27.  The  t h e r m o c o u p l e s   in  the  wa l l   of  the   m o u l d  

24  i n d i c a t e d   t h a t   the  maximum  t e m p e r a t u r e   of  the   mushy  body  27 

on  the  4.3  w/o  c o p p e r - a l u m i n i u m   i n g o t   26  v a r i e d   b e t w e e n  

11890F  (642 .8°C)   to  1205°F  ( 6 5 1 . 7 ° C ) .   The  s o l i d u s   and  l i q u i d o u s  

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

t h e r m a l   a n a l y s i s   to  be  1117°F  (602 .8°C)   and  1234°F  ( 6 6 7 . 8  C )  

r e s p e c t i v e l y .   The  phase   d i a g r a m   i n d i c a t e s   t h a t   sy s t ems   such  a s  

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



a b o u t   26  w/o  copper )   w i l l   t end   to  i n v e r s e l y   s e g r e g a t e   b e c a u s e  

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

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

( c o p p e r   8 .92  and  a l umin ium  2.70)  i n d i c a t e s   t h a t   t h e  

s e g r e g a t i o n s   would  t end   to  s e g r e g a t e   as  b a n d s .  

The  mushy  body  27  on  the   i n g o t   26  s o l i d i f i e d   w i t h o u t  

a  l i q u i d   pool   h a v i n g   fo rmed .   The  152.4mm  (6  inch)   d i a m e t e r  

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

m a c r o s t r u c t u r e   i n s p e c t i o n .   The  i n g o t   had  a  u n i f o r m   e q u i d e x e d  

g r a i n   s t r u c t u r e   w i th   the  g r a i n   s i z e   b e i n g   l e s s   than   1 .5875  mm 

(1/16  inch)   in  d i a m e t e r .   There   was  no  e v i d e n c e   of  b a n d i n g .  

In  t he   a rc   f u r n a c e   d e p i c t e d   in  the  f i g u r e ,   t h e  

c o n s u m a b l e  i n g o t s   10  and  12  a re   o s c i l l a t e d   by  any  s u i t a b l e  

means -16   and  18  to  p romote   even  b u r n - o f f   and  to  p r e v e n t   t h e  

p a r t i a l l y   s o l i d i f i e d   d r o p l e t s   from  be ing   s i g n i f i c a n t l y  

s u p e r h e a t e d .   A l so ,   t he   mould  24  i t s e l f   may  be  of  v a r i o u s  

forms  and  s h a p e s   d e p e n d i n g   upon  the  d e s i r e d   p r o d u c t s ,   i n c l u d i n g  

forms  and  s h a p e s   of  the   f i n a l   p r o d u c t s   as  we l l   as  t r a d i t i o n a l  

i n t e r m e d i a t e   forms  such  as  b i l l e t s .   The  f i g u r e   d e p i c t s   a  

r o t a t a b l e   mould  d r i v e n   by  r o t a t e d   s h a f t   means  28  f o r   a c h i e v i n g  

even  d i s t r i b u t i o n   of  d r o p l e t s   20  a c r o s s   the  i n g o t   s u r f a c e .  

The  mould  24  may  a l s o   have  a  means  fo r   l o w e r i n g   the   i n g o t   26 

as  i t   fo rms .   The  f u r n a n c e   s h o u l d   have  a  c o n t r o l l e d   a t m o s p h e r e ,  

e . g . ,   a  vacuum  c r e a t e d   by  any  s u i t a b l e   means  such  as  pump  22 

as  d e p i c t e d .  

O the r   b a n d i n g   m a c r o s e g r e g a t i o n   s e n s i t i v e   sy s t ems   s u c h  

as  u r a n i u m - c o l u m b i u m   (such  as  the   6  w/o  c o l u m b i u m - u r a n i u m  

a l l o y )   and  l i t h i u m - a l u m i n i u m   sys t ems   may  be  r e m e l t e d   i n t o  



s u b s t a n t i a l l y   homogeneous   i n g o t s   in  a c c o r d a n c e   wi th   t h e  

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

as  y t t r i a   or  t h o r a   or  f i b r e s   such  as  s i l i c o n   c a r b i d e   may  b e  

i n j e c t e d   to  the  s t r e a m   of  d r o p l e t s   20  as  they   f a l l   to  t h e  

mushy  b o d y .  



1.  A  r e m e l t i n g   p r o c e s s   for   p r o d u c i n g   an  a l l o y e d   i n g o t  

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

which  t end   to  form  band  m a c r o s e g r e g a t i o n s  c l i a r a c t e r i s e d   in  t h a t  

i t   c o m p r i s e s   the  s t e p s   o f : -  

p r o v i d i n g   at   l e a s t   one  c o n s u m a b l e   i n g o t   above  a  m o u l d ,  

the   i n g o t   hav ing   a  c o m p o s i t i o n   of  the   i n g o t   to  b e  

p r o d u c e d   in  the   mould ,   the   c o m p o s i t o n   h a v i n g   at  l e a s t  

two  componen t s   c h a r a c t e r i z e d   by  t h e i r   s u b s t a n t i a l l y  

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

m e l t i n g   p o i n t s ;  

h e a t i n g   a  p o r t i o n   of  the   i n g o t   to  a  t e m p e r a t u r e   b e t w e e n  

the   s o l i d u s   and  l i q u i d u s   t e m p e r a t u r e s   of  the   a l l o y e d  

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

which  f a l l   to  a  mushy  body  of  d r o p l e t s   on  the   i n g o t  

in  t he   mould;   a n d  

s o l i d i f y i n g   the   r e m a i n i n g   l i q u i d   in  the   mushy  b o d y .  

2.  The  p r o c e s s   of  c l a i m   1,  c h a r a c t e r i s e d   in  t h a t   a  

p l u r a l i t y   of  c o n s u m a b l e , i n g o t s   a re   h e a t e d   above  the   m o u l d .  

3.  The  p r o c e s s   o f  c l a i m , l o r   2,  c h a r a c t e r i s e d   in  t h a t  

the   i n g o t   or  i n g o t s   to  be  h e a t e d  a b o v e   the   mould  is  or  a r e  

f i r s t   p r e a l l o y e d .  

4.  The  p r o c e s s   of  c l a im   1,  2  or  3,  c h a r a c t e r i s e d   in  t h a t  

the  i n g o t   or  i n g o t s   is  or  are   h e a t e d   by  an  e l e c t r i c   a r c .  

5.  The  p r o c e s s   of  c l a im   1,  2  or  3,  c h a r a c t e r i s e d  i n  t h a t  

the   i n g o t   or  i n g o t s   is  or  are  h e a t e d   by  an  e l e c t r o n   b e a m .  

6.  The  p r o c e s s   of  c l a i m   1,  2  o r  3  c h a r a c t e r i s e d  i n  t h a t  

the  i n g o t   or  i n g o t s   is  or  are   h e a t e d   by  a  p lasma   a r c .  



7.  The  p r o c e s s   of  a n y  o n e   of  the  p r e c e d i n g   c l a i m s ,  

c h a r a c t e r i s e d   in  t h a t   the  c o m p o s i t i o n   c o m p r i s e s   at  l e a s t   two  

c o m p o n e n t s ,   the   f i r s t   component   hav ing   a  m e l t i n g   p o i n t  

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

component   and  the  second  component   hav ing   a  s p e c i f i c   g r a v i t y  

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

c o m p o n e n t .  

8.  The  p r o c e s s   of  c l a i m   7,  c h a r a c t e r i s e d   in  t h a t   t h e  

m e l t i n g   p o i n t   of  the  f i r s t   componen t   is  at  l e a s t   1000°C  g r e a t e r  

t han   the   m e l t i n g   p o i n t   of  the   second   component   and  the  s p e c i f i c  

g r a v i t y   of  the   second   component   is  at   l e a s t   t w i c e   the  s p e c i f i c  

g r a v i t y   of  the   f i r s t   c o m p o n e n t .  

9.  The  p r o c e s s   of  c l a i m   8,  c h a r a c t e r i s e d   in  t h a t   t h e  

f i r s t   component   is  c o l u m b i u m .  

10.  The  p r o c e s s   of  c l a im  8  or  9,  c h a r a c t e r i s e d   in  t h a t  

the  second   component   is  u r a n i u m .  

11.  The  p r o c e s s   of  c l a im   10,  c h a r a c t e r i s e d   in  t h a t   t h e  

c o m p o s i t i o n   c o m p r i s e s   by  w e i g h t   s u b s t a n t i a l l y   6.0%  of  c o l u m b i u m  

in  u r a n i u m .  

12.  The  p r o c e s s   of  a n y  o n e   of  c l a i m s   1  to  6  c h a r a c t e r i s e d  

in  t h a t   the  c o m p o s i t i o n   c o m p r i s e s   at  l e a s t   two  c o m p o n e n t s ,  

the  f i r s t   component   hav ing   a  m e l t i n g  p o i n t   and  a  s p e c i f i c  

g r a v i t y   which  are  s u b s t a n t i a l l y   g r e a t e r   than   the   m e l t i n g  

p o i n t   and  s p e c i f i c   g r a v i t y   of  the  second   c o m p o n e n t .  

13.  The  p r o c e s s   of  c l a i m   1 2 ,  c h a r a c ' t e r i s e d  i n  t h a t  

the  m e l t i n g   p o i n t   of  the   f i r s t   component   is  at  l e a s t   300°C 

g r e a t e r   than  the  m e l t i n g   p o i n t   of  the  s econd   component   and  t h e  

s p e c i f i c   g r a v i t y   of  the  f i r s t   component   is  at  l e a s t   t w i c e   t h e  



s p e c i f i c   g r a v i t y   of  t he   s econd   c o m p o n e n t .  

14.  The  p r o c e s s   of  c l a im   12  or  13,  c h a r a c t e r i s e d   in  t h a t  

the  f i r s t   component   is  c o p p e r .  

15.  The  p r o c e s s   of  c l a im  13  or  1 4 ,  c h a r a c t e r i s e d   i n   t h a t  

the   s econd   component   is  a l u m i n i u m .  

16.  The  p r o c e s s   of  c l a i m   15,   c h a r a c t e r i s e d   i n   t h a t  

the   c o m p o s i t i o n   c o m p r i s e s   by  w e i g h t   s u b s t a n t i a l l y   4.3%  c o p p e r  

in  a l u m i n i u m .  

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

d i s t r i b u t i o n   of  componen t s   which  t end   to  form  b a n d  

m a c r o s e g r e g a t i o n s   when  made  by  the   p r o c e s s   of  a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s .  
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