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54)  Apparatus  and  process  for  producing  alloys. 

A  process  for  producing  alloys,  particularly  iron-base 
alloys  containing  magnesium,  wherein  the  alloy  constituents 
are  molten  under  pressure  of  an  inert  gas  and  the  melt  is 
rapidly  solidified  in  a  chill  mold.  As  a  result  of  this  rapid 
solidification,  the  magnesium  is  retained  as  a  fine  dispersion 
or  separate  phase,  allowing  a  high  magnesium  recovery  rate 
in  the  ductile  cast  irons  or  compacted  graphite  cast  irons, 
treated  with  said  alloys. 

The  apparatus  for  this  process  consists  of a charge vessel 
(24)  for  an  alloy  charge,  means  (22)  for  receiving  the  molten 
alloy  and  for  rapid  solidification  of the  alloy  end  means  (66)  for 
supplying  Inert  gas  under  pressure  to  the  vessel. 



The  present   i nven t ion   is  d i r e c t e d   to  a  process   and  a p p a r a t u s  

for  the  manufac ture   of  a l l o y s ,   more  p a r t i c u l a r l y   but  not  e x c l u s i v e l y  

c e r t a i n   a l loys   that  have  p a r t i c u l a r   u t i l i t y   in  t r e a t i n g   m o l t e n  

cast   i ron  to  produce  d u c t i l e   and  compacted  g r a p h i t e   cast   i r o n s .  

It  is  known  that  c o n t r o l l e d   q u a n t i t i e s   of  magnesium  added 

to  a  melt  of  o rd inary   gray  cast   iron  causes  the  carbon  to  form 

in  a  s p h e r o i d a l   shape  and  the reby   produces  d u c t i l e   cast   iron  w i t h  

g r e a t l y   improved  t e n s i l e   s t r e n g t h   and  d u c t i l i t y   compared  to  g r a y  
cast   i ron.   The  amount  of  magnesium  r e t a i n e d   in  the  cast   i r o n  

for  t h i s   purpose  is  g e n e r a l l y   from  about  0.02  to  about  0.08% 

by  weight  of  i r o n .  

Compacted  g raph i t e   cast   iron  is  also  produced  by 

i n c o r p o r a t i n g   magnesium  into  molten  cast   iron.  The  amount  o f  

magnesium  r e t a i n e d   in  the  compacted  g raph i t e   cast  iron  is  of  t h e  

order  of  about  0.015%  to  0.035%  magnesium  based  on  the  weight  o f  

i ron.   The  compacted  g r a p h i t e   cast   iron  has  improved  t e n s i l e  

s t r e n g t h   compared  to  gray  iron  and  may  possess  g r e a t e r   r e s i s t a n c e  

to  thermal   shock  and  g r e a t e r   thermal  c o n d u c i t i v i t y   than  d u c t i l e  

cast   i r o n .  

The  known  processes   and  appa ra tu s   for  p roduc t ion   of  such  

a l l oys   have  a  number  of  d i s a d v a n t a g e s   notably  p y r o t e c h n i c s   and 

magnesium  recovery ,   and  it  is  an  ob jec t   of  the  p re sen t   i n v e n t i o n  

to  p rov ide   improved  such  p roce s se s   and  appara tus   which  may  i n  

a d d i t i o n   find  u s e f u l n e s s   in  the  p roduc t ion   of  o ther   a l l o y s .  

According  to  one  aspec t   of  the  inven t ion   a  process   f o r  

a l loy   p r o d u c t i o n ,   e.g.  p r o d u c t i o n   of  a  p redominant ly   iron  a l l o y  

c o n t a i n i n g   magnesium,  comprises   forming  a  molten  charge  of  t h e  

a l loy   c o n s t i t u e n t s   in  an  a tmosphere   of  i n e r t   gas  and  t r a n s f e r r i n g  

the  molten  charge  into  cool ing   means  for  rapid  s o l i d i f i c a t i o n  

t h e r e o f .  W h e r e   an  i ron/magnes ium  a l loy   is  to  be  produced  t h e  

i ne r t   g a s  s h o u l d   be  ine r t   to  magnesium  vapour  e.g.   Argon  and 

at  a  p r e s s u r e   g r ea t e r   than  the  vapour  p ressure   of  magnesium  a t  



the  melt  t e m p e r a t u r e .  

The  process   may  comprise  forming  an  iron  and  magnesium 

al loy  charge ,   supp ly ing   and  m a i n t a i n i n g   the  ine r t   gas  p r e s s u r e ,  

and  hea t ing   the  charge  to  melt  t empera tu re   in  the  i ne r t   gas  

a tmosphere,   or  comprise  forming  a  melt  of  i ron,   supplying  and 

m a i n t a i n i n g   the  i n e r t   gas  p r e s s u r e ,   and  adding  magnesium  to  t h e  

iron  melt  to  form  the  molten  charge.   The  a d d i t i o n   of  t h e  

magnesium  to  the  iron  melt  and  t r a n s f e r   of  the  molten  i r o n / m a g n e s i u m  

charge  to  the  cool ing   means  may  be  s u b s t a n t i a l l y   s i m u l t a n e o u s .  

The  i n v e n t i o n   also  extends  to  an  a l loy   produced  by  the  above  

defined  p r o c e s s .  

In  accordance   with  a  f u r t h e r   aspect   of  the  i n v e n t i o n  

appara tus   for  a l l oy   p roduc t ion ,   e.g.   an  i ron/magnesium  a l loy   a s  

above ,compr i ses   a  charge  vessel   for  an  a l loy   charge,means  t o  

receive   molten  a l loy   from  the  charge  vesse l   for  rapid  s o l i d i f i -  

ca t ion   t h e r e o f   and  means  to  supply  i n e r t   gas  under  p re s su re   to  t h e  

vesse l .   The  appa ra tu s   may  comprise  means  to  heat  the  m a t e r i a l   in  t h e  

charge  v e s s e l   e .g .   an  e l e c t r i c   i n d u c t i o n   furnace ,   and  may  a l s o  

comprise  a  p r e s s u r e   vesse l   (to  con ta in   the  said  i n e r t   gas  

p r e s su re )   in  which  is  pos i t i onned   the  charge  v e s s e l .   The 

r e c e i v i n g   means  may  comprise  a  c h i l l   mould  or  a  r e c e i v e r   i n  

proximi ty   to  the  charge  vesse l   e.g.  above  or  below  t h e  v e s s e l .  

The  vesse l   and  the  c h i l l   mould  or  r e c e i v e r   may  also  form  a  s i n g l e  

e n c l o s u r e .  

The  charge  ve s se l   may  have  an  opening  at  the  top  t h e r e o f  

for  r e c e i v i n g   an  a l loy   charge  and  r e c e i v i n g   means  having  a  chamber  

t he re in   and  an  opening  at  one  end  t h e r e o f ,   the  r e c e i v i n g   means 

being  in  a  g e n e r a l l y   h o r i z o n t a l   p o s i t i o n   with  the  opening  at  one 

end  t he r eo f   l o c a t e d   i n  p r o x i m i t y   to  the  said  opening  in  t h e  

charge  v e s s e l ,   and  means  for  r o t a t i n g   the  charge  vesse l   and 

r e c e i v i n g   means  in  the  same  d i r e c t i o n   to  bring  the  r e c e i v i n g  



means  into  a  g e n e r a l l y   v e r t i c a l   p o s i t i o n   to  r ece ive   molten  a l l o y  

from  the  charge  vesse l   for  rapid   s o l i d i f i c a t i o n   of  the  m o l t e n  

a l loy .   The  r e c e i v e r   may  have  an  end  por t ion   that   extends  beyond 

the  opening  to  the  chamber  t h e r e i n ,   said  extended  end  p o r t i o n  

forming  an  enc losu re   over  the  opening  of  said  charge  v e s s e l  

that  connec t s   the  opening  in  the  charge  vessel   with  the  o p e n i n g  

to  the  chamber  in  said  r e c e i v e r .  

In  a  f u r t h e r   form  appa ra tus   for  producing  an  i r o n / m a g n e s i u m  

a l loy   may  comprise  a  ve s se l   having  an  opening  for  r e c e i v i n g   an 

i ron-magnes ium  a l loy  charge,   a  r e c e i v e r   having  a  chamber  t h e r e i n  

and  an  end  p o r t i o n   which  is  a f f i x e d   to  said  vesse l   to  form  an 

e n c l o s u r e   for  the  opening  in  said  v e s s e l ,   which  enc lo su re   c o n n e c t s  

said  opening  with  the  chamber  in  said  r e c e i v e r ,   said  r e c e i v e r  

being  in  a  g e n e r a l l y   h o r i z o n t a l   p o s i t i o n ,   means  for  hea t i ng   t h e  

charge  in  said  vesse l   to  melt  t empera tu re   and  means  for  r o t a t i n g  

the  ve s se l   and  the  r e c e i v e r   in  the  same  d i r e c t i o n   to  br ing  t h e  

r e c e i v e r   into  a  g e n e r a l l y   v e r t i c a l   p o s i t i o n   to  r ece ive   m o l t e n  

a l loy   from  said  vesse l   for  rapid  s o l i d i f i c a t i o n   of  the  molten  a l l o y .  

The  a l loy   charge  to  produce  and  i ron/magnesium  a l loy   i s  

p r e f e r a b l y   p redominan t ly   iron  and  inc ludes   at  l e a s t   0.5%  magnesium 

by  weight .   It  may  also  inc lude   at  l e a s t   0.1%  s i l i c o n ,   at  l e a s t  

0.1%  carbon  and  at  l e a s t   0.05%  cerium  and/or  other   rare   e a r t h  

metals   or  at  l eas t   0.1%  n i c k e l ,   the  balance  iron  (by  we igh t ) .   The 

s o l i d i f i c a t i o n   of  the  charge  in  the  cool ing  means  is  p r e f e r a b l y  

with  the  charge  under  c o n s t r a i n t   t h e r e i n   to  produce  an  a l l o y  

i n g o t .  

The  i ne r t   gas,  e.g.  Argon,  p re s su re   used  is  p r e f e r a b l y  

about  2109  g/cm2g  (30  p s i g ) .  

The  hea t ing   of  the  charge  to  melt  t empera ture   is  p r e f e r a b l y  

c a r r i e d   out  in  a  s ing le   e n c l o s u r e .  

Where  appara tus   is  used  of  the  type  that   i nc ludes   a  v e s s e l  

for  h e a t i n g   the  charge  of  raw  m a t e r i a l   to  melt  t empera tu re   and  a 



c h i l l   mold  for  rapid  s o l i d i f i c a t i o n   of  the  a l loy  melt  while  h e l d  

under  c o n s t r a i n t ,   the  process   may  comprise  the  steps  of  p lac ing   t h e  

c h i l l   mold  opening  in  a  l o c a t i o n   in  proximi ty   to  an  opening  i n  

the  v e s s e l ,   supplying  a  charge  which  is  p redominan t ly   iron  and 

inc ludes   at  l e a s t   about  0.5%  magnesium  to  said  v e s s e l ,   s u p p l y i n g  

and  m a i n t a i n i n g   the  charge  in  an  atmosphere  of  an  i ne r t   gas  u n d e r  

p re s su re   of  at  l eas t   about  2109  g/cm2g  (30  psig)  hea t ing   t h e  

charge  to  melt  t empera ture   in  said  i ne r t   gas  a tmosphere ,   t r a n s f e r r i n g  

the  molten  a l loy   from  the  ve s se l   into  the  c h i l l   mold  through  s a i d  

openings ,   and  s o l i d f y i n g   said  melt  while  held  under  c o n s t r a i n t  

in  said  c h i l l   mold  to  produce  an  a l loy  ingot .   This  may  i n c l u d e  

the  step  of  p lac ing   the  c h i l l   mold  in  a  g e n e r a l l y   h o r i z o n t a l  

p o s i t i o n   with  the  c h i l l   mold  opening  in  a  l o c a t i o n   in  p r o x i m i t y  

to  an  opening  in  the  ves se l   and  r o t a t i n g   the  vesse l   and  c h i l l  

mold  in  the  same  d i r e c t i o n   to  bring  the  c h i l l   mold  into  a  g e n e r a l l y  

v e r t i c a l   p o s i t i o n   for  r e c e i v i n g   the  a l loy   melt  from  said  v e s s e l .  

The  appara tus   in  a  p r e f e r r e d   form  may  comprise  an  e l e c t r i c  

i n d u c t i o n   furnace  for  hea t i ng   the  i ron-magnesium  charge  o f  

raw  m a t e r i a l   to  melt  t e m p e r a t u r e ,   a  c h i l l   mold  for  r e c e i v i n g   t h e  

a l loy   melt  and  for  r a p i d l y   s o l i d f y i n g   the  melt  while  holding  i t  

under  c o n s t r a i n t ,   said  c h i l l   mold  being  p o s i t i o n e d   above  s a i d  

furnace  with  the  opening  into  the  mold  chamber  loca ted   in  p r o x i m i t y  

to  an  opening  at  the  top  po r t i on   of  said  furnace ,   means  f o r  

supplying  and  m a i n t a i n i n g   the  furnace  and  c h i l l   mold  in  an 

atmosphere  of  i ne r t   gas  at  a  p r e s su re   g r e a t e r   than  the  vapour  

p r e s s u r e   of  the  magnesium  at  melt  t empera tu re   while  the  a l loy  i s  

in  molten  c o n d i t i o n ,   means  for  hea t ing   the  raw  m a t e r i a l   charge  t o  

melt  t empera tu re   and  means  for  t r a n s f e r r i n g   the  molten  a l l o y  

into  the  chamber  of  the  c h i l l   mold  through  said  openings  f o r  

rapid  s o l i d i f i c a t i o n   to  produce  an  a l loy   ingot.   The  c h i l l   mold 



may  be  a  g e n e r a l l y   h o r i z o n t a l   p o s i t i o n   while  the  charge  is  h e a t e d  

to  melt  t e m p e r a t u r e   and  the  appa ra tus   inc lude  means  for  r o t a t i n g  

the  furnace   and  c h i l l   mold to   br ing  the  c h i l l   mold  into  a 

g e n e r a l l y   v e r t i c a l   p o s i t i o n   for  r e c e i v i n g   the  molten  a l loy   f rom 

said  v e s s e l ,   the  c h i l l   mold  may  have  an  ex tens ion   p r o j e c t i n g  

out  from  said  opening  to  cover  the  opening  in  said  v e s s e l   and 

form  a  s i ng l e   e n c l o s u r e .   The  appa ra tus   may  also  comprise  a 

p r e s su re   v e s s e l ,   a  charge  vesse l   p o s i t i o n e d   t h e r e i n   having  an  

opening  at  the  top  t he r eo f   for  r e c e i v i n g   a  charge  of  i ron ,   a 

c h i l l   mold  r e c e i v e r   p o s i t i o n e d   at  the  top  of  said  charge  v e s s e l ,  

said  c h i l l   mold  r e c e i v e r   having  an  opening  at  one  end  t h e r e o f  

loca ted   in  p rox imi ty   to  the  opening  in  said  charge  v e s s e l   and 

in  p o s i t i o n   to  r e ce ive   molten  a l loy   from  said  charge  v e s s e l   f o r  

rapid  s o l i d i f i c a t i o n   of  said  molten  a l l oy ,   means  for  s u p p l y i n g  

iner t   gas  under  p r e s su re   into  said  p r e s su re   vesse l   said  c h i l l   mold 

having  means  a s s o c i a t e d   t he rewi th   for  supplying  magnesium 

m a t e r i a l   to  the  iron  charge  in  said  charge  vesse l   for  r e a c t i o n  

t h e r e w i t h   to  produce  said  molten  a l loy   while  said  iron  charge  i s  

main ta ined   under  the  said  i ne r t   gas  p r e s s u r e .  
Where  an  iron  charge  is  f i r s t   melted  before  magnesium  is  added ,  

it  may  s t a r t   from  so l id   in  the  charge  vesse l   and  be  heated   t o  

melt  t h e r e i n   by  a p p r o p r i a t e   means.  

The  appa ra tu s   of  the  i n v e n t i o n   may  include  means  f o r  

t i l t i n g   said  charge  vesse l   to  t r a n s f e r   the  iron  charge  in to   s a i d  

c h i l l   mold  r e c e i v e r   and  in  which  the  means  for  supply ing   magnesium 

m a t e r i a l   to  said  iron  charge  is  a c tua t ed   by  the  t i l t i n g   of  s a i d  

charge  v e s s e l   to  supply  the  magnesium  m a t e r i a l   into  said  i r o n  

c h a r g e .  

In  accordance   w i t h  t h e   p resen t   i nven t ion   a l loys   p r e d o m i n a n t l y  

of  iron  and  c o n t a i n i n g   magnesium  may  be  produced  under  p r e s s u r e  
of  an  i n e r t   gas  p r e f e r a b l y   g r e a t e r   than  the  vapour  p r e s s u r e   o f  

magnesium  at  the  melt  t empera ture   used  in  forming  the  a l l o y .  

To  th i s   end,  a  g r a p h i t e   c r u c i b l e ,   furnace   or  other   s u i t a b l e   c h a r g e  



vesse l   with  a p p r o p r i a t e   means  for  hea t i ng   the  raw  m a t e r i a l s   t o  

melt  t e m p e r a t u r e   is  p r e f e r a b l y   p o s i t i o n e d   wi th in   an  e x t e r i o r  

p r e s su re   v e s s e l .   When  the  a l loy  melt  is  ready,  it  is  pou red  

into  a  c h i l l   mold  such  as  a  g r a p h i t e   r e c e i v e r   or  dish  w h e r e i n  

the  melt  is  the reby   r ap id ly   s o l i d i f e d   into  the  des i r ed   iron  magnesium 

al loy  under  p r e s s u r e   of  an  i ne r t   gas.  For  best   r e s u l t s   t h e  

melt  is  s o l i d i f i e d   under  c o n s t r a i n t   in  a  p a r t i c u l a r   form  of  g r a p h i t e  

r e c e i v e r   tha t   is  p r e f e r a b l y   a f f i x e d   to  the  hea t ing   c r u c i b l e .  

If  d e s i r e d   the  charge  vesse l   and  c h i l l   mold  may  be  combined  to  form 

a  s i ng l e   e n c l o s u r e   and  iner t   gas  under  p r e s su re   may  be  fed  i n t o  

the  e n c l o s u r e   to  e l i m i n a t e   use  of  the  e x t e r i o r   p r e s su re   v e s s e l .  

Also  if  d e s i r e d ,   the  magnesium  can  be  added  to  a  charge  o f  

molten  iron  held  under  p ressure   of  an  i ne r t   g a s .  
As  a  r esu l t   of  rapid  s o l i d i f i c a t i o n ,   the  magnesium  in  the  a l l o y s  

of  the  present  invention  is  retained  as  a  fine  dispersion  or  s e p a r a t e  

phase  within  the  iron  matrix.  Since  the  magnesium  exists  as  a  f i n e  

dispers ion  in  the  al loy,   the  i n t e rac t ion   between  the  magnesium  and 

molten  gray  cast  iron  being  t r e a t e d  i n   the  foundry  may  take  p lace  

at  a  mul t i tude   of  isolated  s i t e s .   This  is  of  advantage  in  that  t h e r e  

is  a  higher  recovery  of  magnesium  in  the  treated  cast  iron  and 

reduct ion  in  pyrotechnics  during  treatment  as  compared  to  t h a t  

experienced  with  the  iron-magnesium  alloys  made  in  conventional  manner. 

For  best  r e s u l t s ,   the  opening  into  the  chill  mold  is  l o c a t e d  

in  proximity  to  an  opening  in  the  alloy  furnace  crucible .   This  i s  

of  advantage  to  reduce  the  free  volume  exposed  to  the  

stream  of  melt  poured  into  the  chill   mold  receiver  which  reduces  t h e  

loss  of  magnesium  by  vaporization  during  the  pour  and  the reby  

increases  the  amount  of  magnesium  recovered  in  the  alloy.  A d d i t i o n a l l y ,  

the  magnesium  vapor  tends  to  be confined  and  constrained  inside  t he  

mold  so  that  the  alloy  may  be  produced  in  a  clean,  safe  and  economical 

manner.  The  chil l   mold  in  the  form  of  an  enclosure  provides  the  maximum 

ch i l l i ng   surface  in  contact  with  alloy  melt  for  a  most  r ap id  



s o l i d i f i c a t i o n   and  resul t ing   high  recovery  of  magnesium  which  is  

retained  as  a  fine  dispersion  in  the  iron  alloy  matrix.  In  the  

preferred  s t ruc ture ,   the  chill  mold  and  furnace  are  combined  i n t o  

a  single  enc losure .  

In  accordance  with  the  process  of  the  present  invent ion,   t h e  

selected  raw  materials  for  the  alloy  are  charged  into  the  g r a p h i t e  

c ruc ib le   preferably  in  the  form  of  an  induction  furnace  and  s u i t a b l e  

means  for  recording  the  temperature  such  as  a  thermocouple  is  i n s e r t e d  

into  the  charge.  The  exter ior   pressure  vessel  is  evacuated  and  then  

pressur ized  with  a  gas  which  is  iner t   to  molten  iron  and  magnesium 

vapour  such  as  Argon  at  a  p r e s s u r e   above  the  vapour  p r e s s u r e   of  t h e  

magnesium  at  the  s e l e c t e d   melt  t empera tu re .   In  gene ra l   a 

p r e s s u r e   of  at  leas t   about  2109  g/cm2  g  (30  psig)  is  employed 

and  the  p r e f e r a b l e   range  of  p r e s s u r e   is  about  3515  to  5273  g/cm2g 

(50  to  75  ps ig ) .   Heat  is  app l i ed   to  melt  the  s e l e c t e d  

raw  mate r ia l s   which  for  the  iron  alloys  of  the  present  invention  w i l l ,  

in  genera l ,   be  about  1250  to  about  1350°C.  Reaction  between  t he  

magnesium  and  iron  alloy  ingredients   will  generally  take  place  in  

about  five  minutes  whereupon  the  alloy  melt  is  poured  into  the  c h i l l  

mold  and  rapidly  s o l i d i f i e d .   The  outer  vessel  is  d e p r e s s u r i z e d  

and  the  ingot  of  alloy when  cool  is  removed  from  the  mold. 

In  one  preferred  form  of  apparatus  a  t i l t i n g   induction  fu rnace  

having  a  graphite  chill  mold  receiver   mounted  in  a  horizontal   p o s i t i o n  

at  the  top  portion  of  the  furnace  is  employed.  After  the  alloy  mel t  

is  formed  the  induction  furnaceis   rotated  to  pour  the  melt  into  t he  

receiver   which is  moved  into  a  ver t ica l   posi t ion  by  ro ta t ion   of  the  

furnace.  A  s ta t ionary   furnace  may  also  be  used  with  the  r e c e i v e r  

posi t ioned  below  the  furnace.  In  such  case,  the  alloy  melt  is  poured 



into  the  receiver  from  the  bottom  of  the  furnace  in  conventional  

manner.  The  receiver   may  also  be  mounted  on  top  of  a  s t a t i o n a r y  

furnace  and  the  alloy  melt  may  be  t ransfer red   into  the  receiver  by 

d i f f e r e n t i a l   pressure  between  the  receiver  and  furnace  e s t a b l i s h e d  

in  known  manner. 

Further  d e t a i l s   and  advantages  of  the  present  invention  w i l l  

be  understood  in  connection  with  the  following  descr ipt ion  of  t h e  

drawings  which  i l l u s t r a t e   some  preferred  embodiments  and  in  which: 

Fig.  1  i l l u s t r a t e s   one  form  of  preferred  t i l t i n g   induc t ion  

furnace  with  chil l   mold  receiver  posit ioned  at  the  top  portion  o f  

the  furnace  which  is  enclosed  inside  a  pressure  v e s s e l .  

Fig.  la  is  a  top  view  of  the  pressure  vessel  10  when  comple te ly  

open  to  i l l u s t r a t e   preferred  means  for  rota t ing  the  induction  f u r n a c e .  

Figs.  2  and  3  show  a  top  and  a  side  view  respect ive ly   o f  

the  bottom  portion  of  the  chill  mold  receiver  of  Fig.  1; 

Figs.  4  and  5  show  a  top  and  a  side  view  respect ively   of  t h e  

-top  portion  of  the  chill  mold  receiver   of  Fig.  1; 

Fig.  6  i l l u s t r a t e s   a  top  view  of  the  furnace  of  Fig.  1  wi th  

the  chil l   mold  receiver   in  place  t he r eon ;  

Fig.  7  is  a  sectional  view  taken  on  line  A-A  of  Fig.  6; 

Figs.  8A,  B,  C  and  D  i l l u s t r a t e   operation  of  the  furnace  and 

chill  mold  receiver   of  Fig.  1; 

Fig.  9  i l l u s t r a t e s   a  modified  embodiment  of  the  invention  us ing  

a  s t a t ionary   bottom  pour  furnace  with  a  chill   mold  receiver  p o s i t i o n e d  

below  the  furnace;  and 

Fig  10  i l l u s t r a t e s   a  second  embodiment  of  the  chill  mold 

receiver  of  Fig.  6 .  



Fig.  1  i l l u s t r a t e s   a  preferred  form  of  apparatus  in  which  10 

is  a  conventional  pressure  vessel  lined  with  a  suitable  r e f r a c t o r y  

11  to  contain  any  melt  that  leaks  out  of  the  charge  vessel  o r  

rece iver .   A  charge  vessel  such  as  induction  furnace  12  provided 

with  a  conventional  e l e c t r i c a l   heating  coil  14  is  mounted  in  p r e s s u r e  

vessel  10  on  shaft  13 so  that  the  induction  furnace  may  be  r o t a t e d  

through  an  arc  of  about  90°  (Figs.  8A  and  8C)  by  rotat ing  shaft  13. 

The  shaft  13  for  ro ta t ing   the  charge  vessel  extends  through  a  p r e s s u r e  

seal  20  in  the  side  wall  of  pressure  vessel  10  so  that  the  s h a f t  

and  charge  vessel  can  be  rotated  from  outside  the  vessel  10. 

A  chil l   mold  receiver  22  is  mounted  in  proximity  to  the  g r a p h i t e  

pot  or  crucible   24  of  the  induction  furnace  preferably  by  a f f ix ing  t h e  

receiver   against   the  top  of  the  induction  furnace  as  i l l u s t r a t e d   i n  

the  drawings.  If  desired,   the  chil l   mold  may  be  sealed  against   the  

top  of  the  furnace.  Details  of  the  s t ruc ture   of  the  chill  mold 

receiver   is  best  shown  in  Figs.  2-5.  As  there  shown  the  chill  mold  22 

is  preferably   a  two  part  mold  having  a  bottom  portion  26  and  a  top  p o r t i o n  

28.  The  bottom  portion  of  the  mold  comprises  a  generally  r e c t a n g u l a r  

solid  in tegra l   frame  30  having  an  integral   bottom  wall  32  that  extends 

from  one  end  34  of  the  frame  toward  the  second  end  36  over  a  major  por-  

tion  of  the  length  of  the  frame  to  leave  an  opening  38  large  enough  t o  

accommodate  the  mouth  of  the  pot  24  of  the  induction  furnace  (see  Fig.  7 ) .  

Bottom  wall  32  has  a  taper  40  that  slopes  down  toward  opening  38.  One 

side  of  the  bottom  wall  32  is  flush  with  one  edge  of  frame  30  and  i t  

extends  up  a  distance  of  about  one-half   the  height  of  the  frame.  The 

frame  30  is  provided  with  a  p l u r a l i t y   of  bolt  holes  42  so  that  the  

bottom  portion  may  be  bolted  to  the  top  portion  28  and  the  assembled 

chill  mold receiver   bolted  against   the  top of  induction  furnace  12. 



The  top  portion  28  of  the  chill  mold receiver  22  (Figs.  4  and  5) 

comprises  a  solid  rectangular   plate  44  that  corresponds  in  size  to 

the  bottom  portion  26.  A  p lu ra l i ty   of  bolt  holes  46  are  d r i l l e d  

through  the  p l a t e  i n   position  to  mate  with  bolt  holes  42  for  assembling 

the  two  parts  of  the  mold.  Plate  44  is  provided  with  an  opening  48  in 

posi t ion  to  be  aligned  with  the  larger  opening  38  in  the  bottom 

portion  26.  The  thickness  of  plate  44  is  reduced  in  the  area  surround- 

ing  opening  48  to  provide  a  r e l a t i ve ly   thin  wall  section  50  and  a 

tapered  section  52.  The  area  of  the  thin  wall  section  50  is  the  

same  size  and  i t   is  adapted  to  align  with  the  opening  38  in  the  bottom 

portion  of  the  mold.  The  tapered  section  52  is  also  aligned  with  the  

taper  40  in  the  bottom  portion  26  of  the  mold  when  the  two  parts  a r e  

assembled  ( F i g . . 7 ) . .   The  chill  mold  receiver  may  be  of  a  s u i t a b l e  

material   and  preferably   g r a p h i t e .  

As  best  i l l u s t r a t e d   in  Fig.  7,   the  two  parts  of  the  mold  are  

sealed  together  by  bolts  (not  shown)  with  the  tapers  40  and  52  facing 

each  other  and  the  assembled  chill  mold  receiver  is  bolted  against  the  

top  of  induction  furnace  12  by  any  conventional  means  such  as  bo l t s  

(not  shown)  that  pass  through  the  mold  and  are  drawn  t ight   in  the  body 

of  the  furnace.  When  assembled  the  chill  mold  has  an  i n t e r i o r  

chamber  54  that  terminates  in  a  tapered  opening  53  that  receives  the  

molten  iron-magnesium  alloy from  the  crucible  24  of  induction  furnace  12. 

Figs.  1  and  8A-D  i l l u s t r a t e   operation  of  the  apparatus  for  

producing  iron-magnesium  alloys  of  the  present  i nven t ion . .   Pressure  

vessel  10  has  a  cover  56  p ivota l ly   mounted  over  the  open  mouth  of  the  

vesse l .   The  charge  of  selected  raw  materials   such  as  ordinary  i ron  

and  magnesium  metal  are  supplied  to  the  graphite  crucible   24  of  the  



induction  furnace  through  the  aligned  openings  48  and  38  in  the  c h i l l  

mold  rece iver .   In  the  preferred  s t ruc ture ,   a  cover  58  is  thereupon 

p ivo ta l ly   mounted  at  60  over  the  open  mouth  of  the  crucible  24  in  

any  convenient  manner  and  a  second  cover  62  is  affixed  in  any 

convenient  manner  over  the  opening  48  of  the  chill   mold.  Temperature 

recording  means  such  as  a  thermocouple  63  is  inserted  into  the  charge 

through  openings  in  covers  58  and  62  and  the  thermocouple  is  clamped 

to  the  furnace.  The  opening  in  cover  58  is  made  large  enough  so  t h a t  

cover  58  may  pivot  r e l a t i ve   to  the  thermocouple  when  furnace  12  i s  

t i l t e d   for  pouring  the  melt.  Indicator  65  shows  the  temperature  o f  

the  melt  and  a  pressure  gauge  67  records  the  pressure  inside  vessel  10 

in  known  manner.  When  the  charge  is  ready  cover  56  is  closed  over 

the  open  mouth  of  pressure  vessel  10  and  preferably  sealed  shut  in 

known  manner.  Air  is  evacuated  from  inside  vessel  10  as  by  a 

conventional  vacuum  pump  64  and  an  inert   gas  such  as  Argon  from  a  s u i t -  

able  source  of  supply  66  is  fed  into  vessel  10  to  es tab l i sh   and 

maintain  an  inert   gas  pressure  above  the  vapor  pressure  of  magnesium 

at  the  selected  melt  temperature.   Heat  is  generated  by  supplying 

e l e c t r i c i t y   from  a  conventional  motor-generator  unit  68  to  mel t  

the  charge  and  cause  react ion  of  the  iron  and  magnesium  which,  in  

general ,   will  only  take  about  five  minutes  after   the  melt  is  formed 

in  a  small  furnace  such  as  that  i l l u s t r a t e d   in  the  drawings.  

In  an  a l t e rna te   procedure  molten  iron  may  be  charged  to  t he  

crucible   24  and  af ter   the  melt  is  under  iner t   gas  pressure,   t h e  

magnesium  may  be  added  to  the  melt  in  any  convenient  manner  as  wil l  

be  obvious  to  those  of  ordinary  skill   in  the  a r t .  



After  the  melt  is  formed  and  react ion  is  completed,  furnace  12 

is  rotated  by  shaft  13  to  move  the  longi tudinal   axis  of  c r u c i b l e  

24  from  ve r t i ca l   position  into  horizontal  position  and  to  move  t h e  

longi tudinal   axis  of  chamber  54  of  the  chill   mold  22  from  hor izon ta l  

posi t ion  into  ver t ical   posi t ion.   As  a  r e su l t ,   the  melt  is  poured 

from  the  c rucib le .24   into  chamber  54.  The  stream  of  molten  a l l o y  

metal  pivots  the  cover  58  outwardly  away  from  the  mouth  of  c r u c i b l e  

24.  Tapers  52  and  40  help  to  d i rect   the  molten  stream  into  chamber 

54  and  the  extended  end  portion  of  the  chill   mold  along  with  cover  

62  encloses  the  open  mouth  of  the  charge  vessel  12  and  connects  t h e  

open  mouth  with  the  opening  53  to  the  chamber  54.  When  the  charge 

vessel  12  is  sealed  to  the  receiver  22  to  form  a  single  enc losure  

inert   gas  under  pressure  may  be  supplied  d i r ec t ly   to  the  enc losure  

which  e l iminates   the  need  for  the  pressure  vessel  10. 

As  most  c lear ly   shown  in  Fig.  8C,  the  proximity  of  chamber  54 

to  the  induction  furnace  crucible  24  mate r ia l ly   reduces  the  exposed 

portion  of  the  stream  of  molten  alloy  to  reduce  vaporization  o f  

magnesium  during  the  pour.  The  rapid  s o l i d i f i c a t i o n   of  the  molten 

alloy  under  cons t ra in t   within  the  chil l   mold  receiver  further   reduces  

vapor iza t ion   of  magnesium  all  of  which  contr ibutes   to  a  high  r ecovery  

of  magnesium  in  the  alloy  for  a  clean  and  safe  operation.  The  molten 

alloy  is  rapidly  so l id i f i ed   in  graphite  receiver   22  and  for  t h i s  

reason  the  walls  44  and  32  on  opposite  sides  of  chamber  54  are  each 

of  about  the  same  thickness  as  that  of  the  melt  when inside  c h a m b e r  

54  to  provide  an  ef fec t ive   cooling  medium  or  heat  sink  for  r ap id  

cooling  and  s o l i d i f i c a t i o n .   As  a  r e s u l t ,   the  magnesium  in  the  a l l o y s  

of  the  present  invention  is  retained  in  the  iron  matrix  as  a  f i n e  



dispersion  or  separate  phase  which  as  brought  out  hereinabove  is  o f  

advantage  for  t r ea t ing   cast  iron  with  the  alloy  of  the  p resen t  

invention  to  produce  ducti le  or  compacted  graphite  cast  i r ons .  

The  graphi te   chill  mold  receiver  is  held  in  the  v e r t i c a l  

posit ion  shown  in  Fig.  8C  until  the  alloy  ingot  ha s ' so l id i f i ed   where- 

upon  the  induct ion  furnace  is  again  rota ted  back  into  vert ical   p o s i t i o n  

(Fig.  8D).  Vessel  10  is  depressur ized,   cover  56  is  opened  and  t h e  

resu l t ing   alloy  ingot  70  is  removed  from  the  receiver  by  unbol t ing  

and  removing  the  top  portion  28  from  receiver   22. 

A  modified  embodiment  for  carrying  out  the  process  of  the  p r e s e n t  

invention  is  i l l u s t r a t e d   in  Fig.  9.  This  embodiment  comprises  a  con- 

ventional  pressure  vessel  72  ident ical   to  pressure  vessel  10.  A 

s ta t ionary   c ruc ib le   or  furnace  74  with  e l ec t r i c a l   induction  hea t ing  

coil  76  is  posi t ioned  in  the  vessel .   The  induction  furnace  74  is  a 

conventional  furnace  provided  with  a  bottom  pour  hole 76  which  is  c losed  

by  a  stopper  or  plug  78.  The  bottom  plug  78  is  l i f ted   to  clear  t he  

pour  hole  by  any  known  means  such  as  by  rods  80  and  82  which  are  p ivoted  

at  84.  An  eccen t r i c   86  upon  ro ta t ion  will  l i f t   rod  82  and  the reby  

rod  80  will  move  upwardly  in  ver t ical   d i r e c t i o n . t o  l i f t   the  plug  78  and 

open  the  pour  hole  for  bottom  pour.  A  graphite   chill  mold  r e c e i v e r  

88  is  posi t ioned  below  the  furnace  in  proximity  to  the  pour  hole  o f  

the  furnace  to  receive  the  alloy  melt.  The  graphite  receiver  comprises 

two  ident ica l   portions  90  and  92  which  are  bolted  together  (not  shown) 

at  one  end  94  and  the  second  end  of  each  portion  preferably  has  a 

flange  96  which  is  bolted  to  the  bottom  of  the  furnace  to  join  t he  

receiver  and  furnace  together.   The  graphite  receiver  88  is  a  r e c t -  

angular  enclosure  provided  with  an  opening  98  that  is  aligned  wi th  



the  pour  hole  76  for  receiving  the  alloy  melt  from  furnace  74. 

Operation  of  this  embodiment  is  the  same  as  set  forth  for  the  embodi- 

ment  of  Fig.  1  except  that  the  induction  furnace  74  is  s ta t ionary   and 

the  chill   mold  rece iver   88  is  positioned  below  the  furnace  to  r ece ive  

the  alloy  melt  from  the  bottom  of  the  furnace  through  pour  hole  76.  

The  molten  iron  al loy  is  held  under  constra int   in  receiver   88  dur ing 

rapid  s o l i d i f i c a t i o n .  

Figure  10  i l l u s t r a t e s   a  second  embodiment  of  the  chil l   mold 

receiver  22.  The  embodiment  of  Figure  10  is  ident ical   to  chill  mold 

receiver   22  with  the  exception  that  cover  62  is  replaced  by  means  for  

adding  magnesium  to  the  charge  of  solid  or  molten  iron  in  crucible  24. 

The  specif ic   means  for  adding  solid  magnesium  to  the  iron  charge 

in  crucible  24  comprises  a  tube  100  preferably  affixed  at  an  angle  to 

base  110  which  makes  a  f r i c t i o n   f i t   into  opening  48  in  the  top  o f  

chill   mold  receiver  22.  An  iron  wire  120  extends  through  holes  d r i l l e d  

in  pieces  of  magnesium  105  and  then  through  a  hole  in  the  cover  115  o f  

tube  100.  A  conventional  stop  132  at  the  bottom  of  wire  120  secures  

the  pieces  of  magnesium  in  place  on  the  wire.  The  top  end  of  wire  120 

terminates  in  loop  130  which  can  move  freely  through  the  hole  in  cover 

115.  A  second  wire  125  which  has  one  end  secured  to  the  inside  of  vessel  

10  is  passed  through  loop  130  to  secure  the  magnesium  105  inside  tube  100. 

The  iron  is  charged  to  crucible  24  through  opening  48  in  the  top 

of  chil l   mold  receiver   22.  The  tube  100  is  secured  to  chill  mold 

receiver   22  by  inse r t ing   base  110  into  hole  48  in  the  top  of  the  r e c e i v e r .  

By  rota t ing  shaft  13  and  furnace  12  a  few  degrees  clockwise,  wire  125 

is  withdrawn  from  loop  130  to  permit  wire  120  and  the  magnesium  105  to 

drop  into  the  molten  iron  contained  in  crucible  24.  The  addition  o f  



magnesium  to  the  molten  iron  is  made  when  the  molten  iron  is  at  the 

desired  temperature  and  when  vessel  10  is  pressurized  with  inert   gas.  

The  magnesium  may  be  added  to  the  iron  charge  to  be  t reated  at  any 

desired  time  by  extending  the  wire  125  through  a  seal  in  the  side  o f  

vessel  10  so  the  wire  125  can  be  withdrawn  from  loop  130  from  outs ide  

vessel  10. 

In  accordance  with  the  present  invention,   the  alloys  are  p re -  

pared  using  conventional  raw  ma te r i a l s .   These  raw  mater ia ls   include 

magnesium,  magnesium  scrap,  magnesium  s i l i c i d e ,   mischmetal  or  one  or  

more  rare  earth  metals  per  se  or  cerium  or  cerium  s i l i c i d e s ,   s i l i c o n  

metal,   f e r r o s i l i c o n ,   s i l icon  carbide,   nickel,   nickel  scrap  and  o rd inary  

pig  iron,  iron,  or  steel  scrap  as  is  conventional  in  the  art  for  pre-  

paring  alloys  used  as  a  reagent  for  t reat ing  cast  iron  to  produce 

duc t i l e   or  compacted  graphite   cast  iron.  The  alloy  may  have  any 

desired  composition  but  for  best  resul ts   the  alloy  will  have  a  low 

magnesium  content  of  about  0.5  to  about  4.0%  by  weight  of  magnesium 

with  the  balance  being  iron.  The  alloy  may  include  s i l icon  which  for  

best  resu l t s   will  cons t i tu t e   from  about  0.1  to  about  10.0%  by  weight 

of  s i l i con   and  the  alloy  will  usually  include  from  about  0.5  to  about 

6.5%  by  weight  of  carbon.  

Cerium  and/or  other  rare .  ear th   elements  may  be  included  which 

is  of  advantage  to  increase  the  amount  of  magnesium  recovered  i n  

the  al loy.   Further  de ta i l s   concerning  the  advantage  of  cerium  and/or 

other  rare  earth  elements  in  the  alloy  are  described  in  copending 

E . P . a p p l i c a t i o n s   pub l i shed   under  nos:  90653  and  90654.  Bes t  

r e s u l t s   are  achieved  when  the  cerium  and/or   other   rare  e a r t h  

e lements   c o n s t i t u t e   from  about  0.05  to  about  2.0%  by  w e i g h t .  



Nickel  may  also  be  included  to  increase  the  magnesium  recovered 

in  the  a l loy.   Combinations  of  nickel  and  cerium  and/or  other  r a r e  

earth  elements  may  also  be  included  to  advantage  for  the  same  purpose  as 

more  ful ly  described  in  copending  applicat ion  Serial  No.  ( ref   T-129)  

filed  under  even  date  herewith.  In  general,  best  resu l t s   are  obtained 

with  about  0.1  to  about  10%  by  weight  of  n i c k e l .  

The  amounts  of  raw  materials   used  in  forming  the  alloy  of  the  

present  invention  are  control led  in  known  manner  to  form  an  alloy  having 

the  selected  composition.  In  most  cases  the  alloy  will  include  t r a c e  

amounts  of  other  metals  such  as  calcium,  barium  or  strontium  cus tomar i ly  

present  in  the  raw  m a t e r i a l s .  

In  one  example  5910  gms.  of  solid  iron  and  90  gms.  of  magnesium 

were  charged  into  induction  furnace  24  and  an  alloy  ingot  2357-29  was 

produced  using  the  process  described  hereinabove.  The  Argon  pressure  
in  vesse l   10  was  ma in ta ined   at  4218  g/cm2g  (60  ps ig)   and  the  c h a r g e  

heated  to  1300°C  and  held  at  1300°C  for  three  minutes .   The  a l l o y  

ingot  r ecovered   from  the  c h i l l  m o l d   r e c e i v e r   22  c o n t a i n e d  

0.98%  by  weight  of  magnesium.  The  amount  of  magnesium 

recovered  from  the  charge  was  63%  and  the  a l l oy   c o n t a i n e d  

by  weight  3.54%  carbon  and  3.32%  s i l i c o n .  

In  another   example  400  gms.  of  CSF  No.10  (Foote  M i n e r a l s )  

and  60  gms.  of  magnesium  metal  and  3580  gms.  i ron  were  cha rged  

into  i n d u c t i o n   furnace   24  and  al loy  ingot  2357-7  was  p roduced  

using  the  process   de sc r i bed   here inabove .   The  charge  was  h e a t e d  

to  1300°C  and  held  under  Argon  gas  p re s su re   of  4218  g/cm2g 

(60  psig)  for  three   minutes  at  1300°C.  The  a l loy   i n g o t  

recovered  from  the  c h i l l   mold  22  conta ined  1.33%  magnesium 

by  weight  and  0.86%  cerium  by  weight.   The  amount  of  magnesium 

recovered   from  the  charge  was  83X  and  the  a l l oy   conta ined   by 

weight  3.77%  carbon  and  4.20%  s i l i c o n .  



The  CSF  No.  10  is  the  trade  name  of  Foote  Minerals  for  an  iron  a l l o y  

containing  about  38%  s i l i c o n ,   about  10%  cerium  and  about  2.0%  rare  ea r th  

elements  (total  12%  rare  earth  elements)  by  weight.  The  same  procedure 

described  above  was  employed  using  a  total  charge  of  6000  gms.  c o n s i s t i n g  

of  iron  and  the  following  added  m a t e r i a l s :  

The  amount  of  magnesium  recovered  from  the  charge  which  contained 

450  gms.  of  CSF  10  was  76%  and  the  alloy  contained  by  weight  3.8%  carbon 

and  4.18%  s i l i con ,   68%  of  the  magnesium  was  recovered  from  the  charge 

which  contained  300  gms.  of  CSF  10  and  the  alloy  contained  3.67%  carbon 

and  4.14%  s i l i con   by  we igh t .  

In  the  following  examples,  the  process  described  hereinabove  was 

employed  by  charging  the  following  materials  into  furnace  24.  The  charge 

was  heated  to  1350°C  and  the  melt  held  at  that  temperature  for  t h ree  
minutes .   The  Argon  gas  p re s su re   was  5273  g/cm2g  (75  ps ig) .   In  t h e s e  

examples,  the  melt  from  furnace  24  was  poured  into  an  open  g r a p h i t e  
e ight   inch  d iameter   dish  (not  shown). 



The  alloy  ingot  produced  in  the  chill  mold  dish  had  the  fol low- 

ing  composi t ions :  

The  alloy  exhibited  an  exceptionally  high  recovery  of  magnesium 

in  the  charge.  In  alloy  2314-76,  the  magnesium  recovery  was  79% 

by  weight,  67%  by  weight  of  magnesium  was  recovered  in  alloy  2314-57 

a n d   60%  by  weight  of  the  magnesium  charge  was  recovered  in  a l l o y  

2314-54.  These  examples  i l l u s t r a t e   the  beneficial   e f fec t   of  using 

nickel  in  the  p roce s s .  



1.  A  process  for  a l loy   p roduc t ion   compr is ing   forming  a 

molten  charge  of  the  a l loy   c o n s t i t u e n t s   in  an  a tmosphere   of  i n e r t  

gas  and  t r a n s f e r r i n g   the  molten  charge  into  coo l ing   means  f o r  

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

2.  A  process   as  claimed  in  Claim  1  wherein  the  a l loy   is  a 

p r edominan t ly   iron  a l loy   c o n t a i n i n g   magnesium. 

3.  A  process   as  claimed  in  Claim  2  wherein  the  i ne r t   gas  

p r e s s u r e   is  g r e a t e r   than  the  vapour  p ressure   of  magnesium  at  t he  

melt  t e m p e r a t u r e .  

4.  A  process  as  claimed  in  claim  2  or  Claim  3  c o m p r i s i n g  

forming  an  iron  and  magnesium  a l loy   charge,   supp ly ing   and  m a i n t a i n i n g  

the  i ne r t   gas  p r e s s u r e ,   and  hea t ing   the  charge  to  melt  t e m p e r a t u r e  
in  the  ine r t   gas  a t m o s p h e r e .  

5.  A  process  as  claimed  in  Claim  2  or  Claim  3  compris ing  forming 

a  melt  of  i ron,   supply ing   and  ma in t a in ing   the  i n e r t   gas  p r e s s u r e ,  
and  adding  magnesium  to  t h e  i r o n   melt  to  form  the  molten  c h a r g e .  

6.  A  process  as  claimed  in  Claim  5  in  which  the  a d d i t i o n   of  

magnesium  to  the  i ron  melt  and  t r a n s f e r   of  the  molten  charge  o f  

iron  and  magnesium  to  the  cool ing  means  is  s u b s t a n t i a l l y  

s i m u l t a n e o u s .  

7.  An  a l loy  produced  by  the  process  of  any  of  the  p r e c e d i n g  

c l a i m s .  

8.  Apparatus  for  a l loy   p roduc t ion   compr is ing   a  c h a r g e  

v e s s e l   for  an  a l loy   charge,   means  to  r ece ive   molten  a l loy  from 



the  charge  ve s se l   for  rapid  s o l i d i f i c a t i o n   t h e r e o f   and  means  t o  

supply  ine r t   gas  under  p ressure   to  the  v e s s e l .  

9.  Apparatus   as  claimed  in  Claim  8  for  the  p roduc t i on   o f  

a  p r edominan t ly   iron  a l loy   con ta in ing   magnesium. 

10.  Apparatus   as  claimed  in  any  of  Claims  8  to  10  c o m p r i s i n g  

means  to  add  magnesium  to  a  molten  charge  of  iron  in  the  v e s s e l  

to  form  the  said  a l loy   c h a r g e .  

11.  Apparatus   as  claimed  in  any  of  Claims  8  to  11  in  which  t h e  

ine r t   gas  supply  means  supply  and  ma in ta in   an  atmosphere  of  i n e r t  

gas  under  p r e s s u r e   g r e a t e r   than  the  vapour  p r e s s u r e   of  magnesium 

at  melt  t e m p e r a t u r e .  

12.  Apparatus   for  producing  a  p r edominan t ly   i ron  a l l o y  

c o n t a i n i n g   magnesium  which  comprises  a  v e s s e l   having  an  open ing  

f o r  r e c e i v i n g   an  i ron-magnesium  a l loy  charge,   a  r e c e i v e r   having  a 

chamber  t h e r e i n   and  an  end  por t ion   which  is  a f f i x e d   to  said  v e s s e l  

to  form  an  e n c l o s u r e   for  the  opening  in  said  v e s s e l ,   which  e n c l o s u r e  

connects   said  opening  with  the  chamber  in  said  r e c e i v e r ,   s a i d  

r e c e i v e r   being  in  a  g e n e r a l l y   h o r i z o n t a l   p o s i t i o n ,   means  f o r  

hea t ing   the  charge  in  said  vessel   to  melt  t e m p e r a t u r e   and  means 

for  r o t a t i n g   the  ve s se l   and  the  r e c e i v e r   in  the  same  d i r e c t i o n  

to  br ing  the  r e c e i v e r   into  a  g e n e r a l l y   v e r t i c a l   p o s i t i o n   t o  

r ece ive   molten  a l loy   from  said  vesse l   for  rap id   s o l i d i f i c a t i o n  

of  the  molten  a l l o y .  
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