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©  Continuously  or  semi-continuousiy  supplying  to  a  casting  die  or  mould  molten  magnesium  alloy  treated  to  provided  a 
gain  refining  effect. 

@  Molten  magnesium  alloy  is  continuously  or  semi- 
continuously  supplied  to  a  casting  die  or  mould  (13)  at  the 
feed  point  (12)  thereof  through  a  closed  conduit  (5)  through 
which  molten  alloy  is  passed  without  contact  with  the 
atmosphere.  A  first  section  (6)  of  the  conduit  (5)  takes  the 
form  of  a  helix  immersed  in  a  fluidized  bed  (8)  heating  the 
alloy  to  a  grain  refining  temperature.  A  subsequent  second 
section  (7)  of  the  conduit  (5)  in  the  form  of  a  helix  is 
immersed  in  a  second  fluidized  bed  (9)  in  which  the  alloy  is 
cooled  to  a  controlled  casting  temperature.  The  conduit  (5) 
supplies  the  alloy  at  the  level  (14)  of  the  inlet  (12)  to  the 
casting  die  or  mould  (13)  by  control  of  the  pressure  of  the 
molten  alloy  in  the  conduit  (5). 



Magnesium  a l loys   are  known  to  be  gra in   r e f i ned   by  t h e  

t e c h n i q u e s   of  e i t h e r   s u p e r h e a t i n g   above  the  l i q u i d u s   or  by  t h e  

a d d i t i o n   of  carbon  in  the  form  of  carbon  c o n t a i n i n g   compounds  or  o f  

o ther   grain  r e f i n i n g   agen t s   such  as  z i r con ium.   This  phenomenon  i s  

important   because  of  the  improvement  in  mechanica l   p r o p e r t i e s  

observed  with  a  r e d u c t i o n   in  g ra in   s i z e .   Both  the  t echnique   o f  

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

r e f i n i n g   agents  are  in  commercia l   use,  but  the  e s t a b l i s h e d   methods 

have  l i m i t a t i o n s   g iv ing  r i s e   to  p r o d u c t i o n   problems.   Part   of  t h e  

d i f f i c u l t y   is  that   the  mechanisms  of  the  t e c h n i q u e s ,   wh i l s t   b e i n g  

known  to  depend  on  a  m o d i f i c a t i o n   of  the  normal  n u c l e a t i o n   p r o c e s s ,  

are  not  fu l ly   u n d e r s t o o d .   T h e r e f o r e ,   a l l   commercial  p r a c t i c e   i s  

based  on  empi r ica l   d a t a .  

N e v e r t h e l e s s ,   c e r t a i n   g u i d e l i n e s   and  c r i t e r i a   can  be  appl ied   t o  

the  t echniques   to  provide   a  r e a s o n a b l e   l e v e l   of  r e l i a b i l i t y .   These  

i n c l u d e   the  o p t i m i z a t i o n   of  a l l o y   compos i t ion   and  the  e s t a b l i s h m e n t  

of  t empera tu res   and  t imes  at  which  g ra in   r e f inement   can  take  p l a c e .  

The  observance  of  t hese   c r i t e r i a   can  have  se r ious   l i m i t a t i o n s  

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

which  rely  on  having  a  c o n t i n u o u s   supply  of  molten  m a t e r i a l .  

With  a l l   the  methods  d i s c u s s e d   above  the  metal  has  to  be  g r a i n  

r e f i n e d   on  a  batch  bas i s   in  open  c r u c i b l e   type  pots  which  a r e  

prevented   from  burning  by  the  a d d i t i o n   of  a  f lux  to  the  su r face   o f  

the  metal .   The  use  of  such  f l u x ,   which  may  con ta in   any  or  a l l   o f  

the  compounds  MgC12,  NaCl,  CaCl2,  CaF2  and  MgO,  is  u n d e s i r a b l e   i n  

t ha t   great   care  must  be  t aken   in  order   to  avoid  any  of  t h e s e  

m a t e r i a l s   c o n t a m i n a t i n g   the  meta l   used  to  produce  c a s t i n g s .   F a i l u r e  

to  ensure  i n c l u s i o n - f r e e   meta l   may  lead  to  the  p roduc t ion   o f  

c a s t i n g s   with  impaired  m e c h a n i c a l   p r o p e r t i e s   and  poor  c o r r o s i o n  

r e s i s t a n c e .   The  use  of  f l u x e s   in  the  foundry  a lso  c r e a t e s  

env i ronmenta l   problems  b e c a u s e  o f   t h e i r   hygroscop ic   and  c o r r o s i v e  

n a t u r e .  

In  the  case  of  s u p e r h e a t i n g ,   w h i l s t   good  r e l i a b i l i t y   i s  

expe r i enced ,   high  energy  c o s t s   and  c o n s i d e r a b l e   wear and  tear   on 



c r u c i b l e s   has  led  to  a  g r e a t e r   commercial  acceptance   of  the  c a r b o n  

g r a i n   r e f i n i n g   t e c h n i q u e ,   which  can  opera te   at  much  l o w e r  

t e m p e r a t u r e s ,   for  example  at  750°C  compared  with  850°C  f o r  

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

However,  the  e f f e c t i v e n e s s   of  carbon  gra in   r e f i n i n g   would 

a p p e a r   to  be  l i m i t e d   to  r e l a t i v e l y   small  melts  t r e a t ed   on  a  b a t c h  

b a s i s ,   and  the  e f f e c t   when  using  commerc ia l ly   a v a i l a b l e   c a r b o n  

c o n t a i n i n g   compounds  tends   to  be  v a r i a b l e   from  batch  to  b a t c h .  

F u r t h e r m o r e ,   the  a d d i t i o n   of  these  compounds  may  i n t r o d u c e   unwanted  

e l e m e n t s   in to   the  melt   which  may  have  a  d e l e t e r i o u s   e f f e c t   on  t h e  

a l l o y .  

In  c o n v e n t i o n a l   low  p r e s s u r e   d i e - c a s t i n g   systems  the  l i q u i d  

me ta l   has  to  be  r a i s e d   and  lowered  a  d i s t a n c e   of  a p p r o x i m a t e l y   80  cm 

in  a  r i s e r   tube  between  the  metal  l eve l   in  a  holding  pot  and  t h e  

l e v e l   of  the  feed  po in t   of  the  die .   This  not  only  takes  time  in  t h e  

i n j e c t i o n   cyc l e ,   but  a l so   l eads   to  the  c r e a t i o n   of  t u r b u l e n c e   in  t h e  

meta l   p a r t i c u l a r l y   when  the  metal  f a l l s   back  to  the  l eve l   in  t h e  

h o l d i n g  p o t .   Such  t u r b u l e n c e   is  u n d e s i r a b l e   in  the  p r o d u c t i o n   o f  

h igh   q u a l i t y   c a s t i n g s   s i nce   a i r   may  a s p i r a t e   in to   the  metal  l e a d i n g  

to  the  fo rmat ion   of  ox ides   in  r e a d i l y   o x i d i s a b l e   a l l oys   such  a s  

m a g n e s i u m .  

One  ob jec t   of  the  i n v e n t i o n   is  to  overcome  the  problems  and  

d i s a d v a n t a g e s   d i s c u s s e d   above  and  provide  a  method  of  c o n t i n u o u s l y  

or  s e m i - c o n t i n u o u s l y   s u p p l y i n g   grain  r e f i n e d   magnesium  a l l o y   to  a 

c a s t i n g   die  or  mould,  as  well  as  an  appa ra tu s   for  c a r r y i n g   out  t h e  

m e t h o d .  

Fu r the r   o b j e c t s   of  the  i n v e n t i o n   are  to  provide   a  method  or  an  

a p p a r a t u s   as  i n d i c a t e d   above  which  a d d i t i o n a l l y   wil l   provide  any  o r  

a l l   of  the  f o l l o w i n g   a d v a n t a g e s :  

1.  At ta inment   of  c o n t r o l l e d   t e m p e r a t u r e s   which  make  i t   p o s s i b l e   t o  

o b t a i n   grain  r e f i n e m e n t   w i thou t   a d d i t i o n   of  compounds  to  the  m e l t .  

2.  P r e v e n t i o n   of  o x i d a t i o n   and  burning  of  magnesium  a l l o y   w i t h o u t  

the  use  of  f lux  from  the  m e l t i n g   s tep  through  to  the  feed  point   o f  

the  d i e .  

3.  E f f i c i e n t   use  of  energy  in  p rov id ing   the  thermal   r e q u i r e m e n t s  

of  the  molten  a l l o y .  

4.  A t t t a i n m e n t   of  a  c o n t i n u o u s   or  s emi - con t i nuous   supply  o f  



l i q u i d ,   gra in   r e f i n e d  m e t a l  t o  a  d i e - c a s t i n g   a p p a r a t u s  a t  a  l e v e l  

c lose  to  the  feed  point   of  the  d i e .  

A c c o r d i n g l y ,   the  i n v e n t i o n   r e s i d e s   in  a  method  and  an  a p p a r a t u s  

as  de f ined   in  claim  1  and  c la im  8,  r e s p e c t i v e l y .  

According  to  claim  1  s u p e r h e a t i n g   and  cool ing  of  the  a l l o y   a r e  

c a r r i e d   out  c o n t i n u o u s l y   or  s e m i - c o n t i n u o u s l y   in  succes s ive   s e c t i o n s  

of  a  c losed  condui t   through  which  the  molten  a l loy   is  passed  w i t h o u t  

con tac t   with  the  a tmosphe re ,   said  condui t   supply ing   the  a l loy   at  t h e  

l e v e l   of  the  i n l e t   to  the  c a s t i n g   die  or  mould  by  c o n t r o l   of  t h e  

p r e s s u r e   of  the  molten  a l l oy   in  the  c o n d u i t .  

Although  the  method  e l i m i n a t e s   some  d i s a d v a n t a g e s   of  t h e  

p r e s e n t l y   employed  s u p e r h e a t i n g   p r o c e s s e s ,   i t   is  not  r e s t r i c t e d   t o  

non-use  of  grain  r e f i n i n g   compounds.  Also  other   compounds  i m p r o v i n g  

the  p r o p e r t i e s   of  the  m a t e r i a l   such  as  the  genera l   c o r r o s i o n  

behaviour   may  be  added  in  the  g ra in   r e f i n i n g   p r o c e s s .  
The  molten  a l l o y   may  be  s u p p l i e d   from  a  mel t ing   pot  in  w h i c h  

i n g o t s   are  melted  under  p r o t e c t i v e   a tmosphe re .   However,  i t   is  a l s o  

p o s s i b l e   to  supply  the  molten  a l l o y   to  the  condui t   d i r e c t   from  a  

r e f i n i n g   furnace   o m i t t i n g   the  i n g o t   m e l t i n g   s t e p .  

Any  s u i t a b l e   method  of  m e l t i n g ,   s u p e r h e a t i n g   and  cool ing   t h e  

a l l o y   in  the  mel t ing   pot  and  the  c o n d u i t ,   r e s p e c t i v e l y ,   can  be  u s e d .  

However,  i t   is  conven ien t   to  make  use  of  the  high  thermal  t r a n s f e r  

p r o p e r t i e s   of  f l u i d i z e d   beds.   In  such  a  case  the  mel t ing  pot  a n d  

said  s u c c e s s i v e   s e c t i o n s   of  the  c losed  condu i t   are  each  immersed  i n  

c l o s e l y   ad jacen t   s e p a r a t e l y   c o n t r o l l e d   f l u i d i z e d   beds.  A d d i t i o n a l  

heat   may  be  supp l i ed   to  the  m e l t i n g   pot  and /o r   said  f i r s t   s e c t i o n   o f  

the  condui t   by  h e a t i n g   e lements   a s s o c i a t e d   with  the  pot  and  t h e  

c o n d u i t ,   r e s p e c t i v e l y ,   or  p rov ided   in  the  f l u i d i z e d   b e d .  

The  condui t   p r e f e r a b l y   f o l l ows   a  winding  path,   each  of  s a i d  

s u c c e s s i v e   s e c t i o n s   of  the  condu i t   p r e f e r a b l y   forming  a  h e l i x   t o  

p rov ide   a  s u f f i c i e n t l y   l a r g e   s u r f a c e   for  t r a n s f e r r i n g   the  n e c e s s a r y  
heat   to  or  from  the  a l l oy   in  a  minimum  volume  of  the  bed,  t h u s  

f a c i l i t a t i n g   rapid  hea t -up   and  cool-down  p e r i o d s .  

Fur the r   f e a t u r e s   and  advan tages   of  the  method  and  the  a p p a r a t u s  

w i l l   be  apparen t   form  the  f o l l o w i n g   d e t a i l e d   s p e c i f i c a t i o n ,  

r e f e r e n c e   being  had  to  the  drawing  which  d i a g r a m m a t i c a l l y   i n d i c a t e s  

the  p r i n c i p l e s   on  which  the  p r e s e n t   i n v e n t i o n   is  b a s e d .  



F i g .  1  i s   a  h i g h l y  d i a g r a m m a t i c a l   v e r t i c a l   s e c t i o n  t h r o u g h  a n  

a p p a r a t u s   a c c o r d i n g   to  the  i n v e n t i o n .  

Fig  2  i l l u s t r a t e s   a  d e t a i l   of  Fig  1  on  a  l a r g e r   s c a l e .  

As  seen  in  Fig  1  a  m e l t i n g   pot  1  is  immersed  in  a  f l u i d i z e d   bed 

2.  This   pa r t   of  the  a p p a r a t u s   c o n s t i t u t e s   a  me l t ing   zone  M.  M e t a l  

may  be  added  to  the  m e l t i n g   pot  1  in  the  form  of  i n g o t s   th rough  a n  

a i r   lock   3  which  min imizes   the  loss   of  o x i d a t i o n   p r e v e n t i n g  

a tmosphe re   in  the  m e l t i n g   pot  1.  Such  o x i d a t i o n   p r e v e n t i n g  

a t m o s p h e r e   may  c o n s i s t   of  a i r   with  an  a d d i t i o n   of  0.1X  SF6'  I n  

order  to  e l i m i n a t e   oxides   added  to  the  melt  through  for  i n s t a n c e  

ingot   s k i n s   a  f i l t e r   4  is  i n s t a l l e d   at  the  p o s i t i o n   where  the  lock  3 

opens  i n t o   the  me l t ing   po t .   Thus,  a l l   metal  must  pass  the  f i l t e r   4 

be fo re   e n t e r i n g   the  m e l t i n g   pot  1.  The  f i l t e r   may  c o n s i s t   of  a  

p e r f o r a t e d   s t e e l   sc reen   which  may  e i t h e r   be  c leaned  and  r e p l a c e d  

p e r i o d i c a l l y   or  may  be  in  the  form  of  a  con t inuous   sheet   which  i s  

removed  from  the  metal  a u t o m a t i c a l l y   exposing  f r e sh   screen   to  t h e  

incoming  m e t a l .  

A  c o n d u i t   5  is  connec t ed   to  the  i n t e r i o r   of  the  me l t i ng   pot  1 

at  a  l e v e l   a p p r o x i m a t e l y   1/3  of  the  he igh t   of  the  metal   below  t h e  

s u r f a c e   15  t h e r e o f   where  any  c o n t a m i n a n t s   remain ing   in  the  melt   w i l l  

be  at  a  minimum.  The  c o n d u i t   5  pa s se s   in to   a  s u p e r h e a t i n g   zone  I  i n  

which  a  f i r s t   s e c t i o n   6  of  the  condu i t   fo l lows   a  h e l i c a l   path  b e f o r e  

c o n t i n u i n g   in to   a  second  h e l i c a l   s e c t i o n   7  p o s i t i o n e d   in  a  c o o l i n g  

zone  I I .   Each  of  the  h e l i c a l   s e c t i o n s   6  and  7  are  submerged  in  a 

f l u i d i z e d   bed  8  and  9,  r e s p e c t i v e l y .  

The  f l u i d i z e d   beds  2,  8  and  9  are  s e p a r a t e d   by  p a r t i t i o n s   10 

and  11  and  are  s e p a r a t e l y   c o n t r o l l e d   to  provide  a  d e s i r e d  

t e m p e r a t u r e   of  the  molten  a l l o y   in  the  pot  1  and  the  s e c t i o n s   6  and 

7.  The  f l u i d i z e d   beds  may  c o n s i s t   of  alumina  g r i t   f l u i d i z e d   by  

compressed  a i r   which  may  be  p r e - h e a t e d .   The  upper  l e v e l s   of  t h e  

f l u i d i z e d   beds  2,  8  and  9  have  been  i n d i c a t e d   to  be  the  same  in  F i g  

1,  but  i t   is   o b v i o u s l y   p o s s i b l e   to  use  d i f f e r e n t   upper  l e v e l s   of  t h e  

f l u i d i z e d   beds .   The  compressed   a i r   is  supp l i ed   in  a  c o n v e n t i o n a l  

manner  at  the  lower  end  of  the  beds  th rough  t u y e r e s .   However,  t o  

s i m p l i f y   the  drawing  such  supply   is  not  i l l u s t r a t e d .   A d d i t i o n a l  

heat   may  be  supp l i ed   to  the  me l t i ng   pot  1  and /or   the  s e c t i o n   6  o f  

the  condu i t   5  by  h e a t i n g   e l emen t s   (not  shown)  a s s o c i a t e d   with  t h e  



pot  1  and  the  c o n d u i t n s ,   r e s p e c t i v e l y ,   or  provided  in  the   r e s p e c t i v e  

f l u i d i z e d   b e d s .  

The  t empera tu re   provided  in  zone  M  may  be  about  660°C.  In  t h e  

s u p e r h e a t i n g   zone  I  the  metal  may  be  heated   to  a p p r o x i m a t e l y   900°C,  

and  in  the  cool ing  zone  II  the  metal   may  be  cooled  down  to  a 

t e m p e r a t u r e   of  about  690°C,  at  which  t e m p e r a t u r e   the  metal  i s  

p r e s e n t e d   at  a  level   near  to  the  feed  point   12  of  a  c a s t i n g   die  13 .  

The  l e v e l   14  (Fig  2)  of  the  metal  near  the  feed  point   12  is  the  same 

as  the  l eve l   15  of  the  metal  in  the  me l t ing   pot  1.  The  ra te   a t  

which  i n g o t s   are  added  through  the  lock  3  co r r e sponds   to  the  ra te   a t  

which  metal   is  r equ i red   at  the  feed  poin t   12.  Obvious ly ,   the  l e v e l  

of  the  metal  in  the  mel t ing   pot  1  may  be  a d j u s t a b l e   to  cont ro l   t h e  

metal   l e v e l   15  and  thereby  the  l e v e l   14  at  which  molten  a l loy   i s  

s u p p l i e d   at  the  feed  point   12  of  the  c a s t i n g   die  or  mould  13.  Thus ,  

i t   w i l l   be  p o s s i b l e   to  l i m i t   f l u c t u a t i o n   of  the  metal  l eve l   14  to  1 

cm  or  l e s s .   In  a  low  p r e s s u r e   die  c a s t i n g   system  in  which  metal  i s  

fed  i n to   the  die  from  the  bo t tom,   as  i l l u s t r a t e d   in  Fig  1,  t o  

a ch i eve   good  running  and  f e e d i n g   c h a r a c t e r i s t i c s ,   any  c o n t r o l l a b l e  

l i f t i n g   means  such  as  m e c h a n i c a l ,   pneumat i c ,   e l e c t r i c a l   o r  
e l e c t r o m e c h a n i c a l   systems  may  be  used.   In  Fig  1  a  pneumatic  l i f t i n g  

means  16  is  d i a g r a m m a t i c a l l y   shown.  The  means  16,  as  i l l u s t r a t e d   i n  

Fig  2,  i n c l u d e s   a  p n e u m a t i c a l l y   o p e r a t e d   valve  17  and  an  i n l e t   18 

for   p r e s s u r i z e d   gas  which  may  be  a i r   c o n t a i n i n g   a  small  p e r c e n t a g e  

of  SF6.  It  should  be  ev ident   t ha t   the  i n t r o d u c t i o n   of  p r e s s u r i z e d  

gas  th rough   the  opening  18  w i l l   make  the  metal  in  a  r i s e r   tube  20 

r i s e   p rov ided   the  valve  17  is  c l o s e d .   A  gas  i n l e t   19  serves  t o  

p r o v i d e   a  p r o t e c t i v e   gas  such  as  a i r   c o n t a i n i n g   a  small  p e r c e n t a g e  
of  SF6  to  the  mould  or  die  13  between  each  c a s t i n g   cyc l e ,   t h e r e b y  

p r o t e c t i n g   the  surface  of  the  meta l   in  the  r i s e r   tube  from  o x i d a t i o n .  

To  p r even t   molten  metal  from  e n t e r i n g   the  passage  19  there   i s  

p r o v i d e d   a  s k i r t   21  p rov id ing   a  gas  cush ion   between  the  s k i r t   and 

the  r i s e r   tube  2 0 .  

A l t e r n a t i v e l y ,   l i f t i n g   may  be  ach ieved   by  the  a p p l i c a t i o n   of  a  

vacuum  to  the  d i e .  

As  metal  is  removed  to  the  c a s t i n g   die  13  f r e s h l y   molten  m e t a l  

is  a u t o m a t i c a l l y   drawn  in to   the  condu i t   5  from  the  mel t ing   pot  1 .  

Secondary   heat  from  the  h e a t i n g   and  cool ing   zones  I  and  I I ,  



r e s p e c t i v e l y ,   may  be  used  o the rwise   in  the  system.  Thus,  t h e  

f l u d i z i n g   gas  which  is  heated  in  the  f l u i d i z e d   beds  may  be  

s u b s e q u e n t l y   used  for  p r ehea t i ng   incoming  ingots   and/or  for  h e a t i n g  

the  me l t i ng   po t .   Also  r e c y c l i n g   of  the  f l u d i z i n g   air   is  o b v i o u s l y  

p o s s i b l e .  

Al though  the  p resen t   i n v e n t i o n   p r o v i d e s   a  c o n v e n i e n t  

p o s s i b i l i t y   of  s u p e r h e a t i n g   the  a l l o y   while   avoiding  t h e  

d i s a d v a n t a g e s   of  p r e v i o u s l y   used  s u p e r h e a t i n g   p rocesses   there   i s  

no th ing   to  p reven t   the  cont inuous   or  s emi -con t inuous   supply  of  g r a i n  

r e f i n i n g   agen ts   or  o ther   a d d i t i o n s   improving   the  p r o p e r t i e s   of  t h e  

m a t e r i a l .   Zirconium  may  be  used  as  a  g r a i n   r e f i n i n g   agent  f o r  

magneisum  based  a l l o y s   not  c o n t a i n i n g   aluminium,  manganese  o r  

s i l i c o n .   The  z i r con ium  in  the  form  of  a  ha rdener   or  compound  may  be 

added  to  the  system  e i t h e r   at  the  m e l t i n g   pot  or  d i r e c t l y   in to   t h e  

condui t   by  means  of  i n j e c t i o n   into  the  metal   stream,  the  r e q u i r e d  

amount  being  metered  at  a  ra te   dependen t   on  the  metal  f l o w .  

However,  no  f lux   w i l l   be  r equ i red   s ince   the  supe rhea t i ng   is  c o n d u c t e d  

in  a  condu i t   c lo sed   to  the  a tmosphere   and  there   is  no  holding  p o t  

from  which  the  a l l o y   must  be  l i f t e d   a  s u b s t a n t i a l   he ight   to  the  f e e d  

po in t   of  the  c a s t i n g   die .   Close  c o n t r o l   of  the  s u p e r h e a t i n g   and 

c a s t i n g   t e m p e r a t u r e s   is  p o s s i b l e ,   and  the  metal  can  be  s u p p l i e d  

c o n t i n u o u s l y   or  s e m i - c o n t i n u o u s l y   at  the  de s i r ed   l eve l   wi thout   t h e  

use  of  va lves   or  pumps.  

For  the  purpose  of  mixing  the  components  of  the  molten  a l l o y ,  

e s p e c i a l l y   in  the  case  where  g ra in   r e f i n i n g   agents  have  been  

i n j e c t e d ,   a  s t a t i c   mixing  device  may  be  provided  in  the  condui t   t o  

a g i t a t e   the  mol ten   a l loy   f l o w .  

F i n a l l y ,   a l t h o u g h   heat  exchanger   systems  in  the  form  of  

f l u i d i z e d   beds  are  p r e f e r r e d ,   o ther   hea t   exchanger  systems  l ike   s a l t  

s o l u t i o n s   may  be  u s e d .  



1.  A  method  of  c o n t i n u o u s l y   or  s e m i - c o n t i n o u s l y   supply ing   to  a  

c a s t i n g   die  or  mould  molten  magnesium  a l loy   that   has  been  t r e a t e d   t o  

provide  a  g r a in   r e f i n i n g   e f f e c t ,   said  method  compris ing  the  s teps   o f  

me l t ing   the  a l l o y ,   s u p e r h e a t i n g   the  molten  a l loy   to  a  g ra in   r e f i n i n g  

t e m p e r a t u r e   and  c o o l i n g   the  a l loy  to  a  c o n t r o l l e d   c a s t i n g  

t e m p e r a t u r e ,   c h a r a c t e r i s e d   in  that  the  supe rhea t i ng   and  c o o l i n g  

s teps   are  c a r r i e d   out  c o n t i n u o u s l y   or  s e m i - c o n t i n u o u s l y   i n  

s u c c e s s i v e   s e c t i o n s   of  a  c losed  condui t   through  which  the  m o l t e n  

a l loy   is  passed  wi thou t   con t ac t   with  the  a tmosphere ,   said  c o n d u i t  

supp ly ing   the  a l l o y   at  the  l eve l   of  the  i n l e t   to  the  c a s t i n g   die  o r  
mould  by  c o n t r o l   of  the  p r e s s u r e   of  the  molten  a l loy  in  the  c o n d u i t .  

2.  A  method  a c c o r d i n g   to  claim  1,  c h a r a c t e r i s e d   in  tha t   i n g o t s   a r e  

melted  under  a  p r o t e c t i v e   atmosphere  in  a  mel t ing   pot  s u p p l y i n g  

molten  a l l o y   to  the  c o n d u i t .  

3:  A  method  a c c o r d i n g   to  claim  2,  c h a r a c t e r i s e d   in  tha t   the  o x i d e s  

i n t r o d u c e d   in to   the  melt  by  for  i n s t a n c e   ingot  skins  are  p r e v e n t e d  

from  e n t e r i n g   said  condu i t   by  means  of  a  f i l t e r .  

4.  A  method  a c c o r d i n g   to  any  of  the  p receding   c l a i m s ,  

c h a r a c t e r i s e d   in  t ha t   the  mel t ing   and/or   the  hea t ing   of  the  a l l o y   i s  

e f f e c t e d   by  the  f ac t   tha t   the  mel t ing   pot  and/or   the  s u p e r h e a t i n g  

s e c t i o n   of  the  condu i t   is  or  are  immersed  in  a  heat  e x c h a n g e r  

medium. 

5.  A  method  a c c o r d i n g   to  any  of  the  preceding   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  cool ing   is  e f f e c t e d   by  the  fac t   t h a t   t h e  

coo l ing   s e c t i o n   of  the  condui t   is  immersed  in  a  heat  e x c h a n g e r  

medium. 

6.  A  method  a c c o r d i n g   to  claim  4  or  5,  c h a r a c t e r i s e d   in  t ha t   one 

or  each  hea t   exchanger   medium  is  a  f l u i d i z e d   bed  of  s o l i d  

p a r t i c l e s .  

7.  A  method  a c c o r d i n g   to  claim  6,  c h a r a c t e r i s e d   in  tha t   t h e  



f l u i d i z i n g   gas  w h i c h  i s  h e a t e d   i n  t h e   f l u i d i z e d   beds  i s  s u b s e q u e n t l y  

used  fo r   p r e h e a t i n g   incoming  ingots   and /o r   for  h e a t i n g   the  m e l t i n g  

p o t .  

8.  A p p a r a t u s   for  c a r r y i n g   out  the  method  of  c la im  1,  c h a r a c t e r i s e d  

by  a  c l o s e d   condu i t   (5)  for  pass ing   molten  magnesium  a l loy   w i t h o u t  

c o n t a c t   wi th   the  a tmosphere   from  a  supply  of  magnesium  a l l oy   to  a  

c a s t i n g   d ie   or  mould  (13) ,   a  f i r s t   s e c t i o n   (6)  of  said  condui t   (5 )  

p a s s i n g   th rough   a  f i r s t   zone  (I)  in  which  the  a l l o y   is  s u p e r h e a t e d  

to  a  g r a i n   r e f i n i n g   t e m p e r a t u r e ,   a  second  s e c t i o n   (7)  of  s a i d c o n d u i t  

(5)  p a s s i n g   th rough  a  second  zone  ( I I )   in  which  the  a l l o y   is  c o o l e d  

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

9.  A p p a r a t u s   accord ing   to  claim  8,  c h a r a c t e r i s e d   in  tha t   s a i d  

supply  of  mol ten   a l loy   is  a  mel t ing   pot  (1)  sea led   a g a i n s t   t h e  

a t m o s p h e r e   and  r e c e i v i n g   i n g o t s   through  an  a i r   lock  ( 3 ) .  

10.  A p p a r a t u s   accord ing   to  claim  9,  c h a r a c t e r i s e d   in  tha t   a  f i l t e r  

(4)  is  p r o v i d e d   in  the  me l t i ng   pot  (1)  to  p reven t   c o n t a m i n a t i o n s  

from  e n t e r i n g   the  condui t   ( 5 ) .  

11.  A p p a r a t u s   a cco rd ing   to  any  of  the  c la ims  8  to  10,  c h a r a c t e r i s e d  

in  t ha t   the  f i r s t   and  second  zones  ( I ,   I I )   are  c l o s e l y   a d j a c e n t  

s e p a r a t e l y   c o n t r o l l e d   f l u i d i z e d   beds  (8,  9 ) .  

12.  A p p a r a t u s   acco rd ing   to  claim  9,  c h a r a c t e r i s e d   in  tha t   t h e  

m e l t i n g   pot  (1)  is  immersed  in  a  f l u i d i z e d   bed  ( 2 ) .  

13.  A p p a r a t u s   accord ing   to  claim  11  or  12,  c h a r a c t e r i s e d   in  t h a t  

a d d i t i o n a l   beat   is  supp l ied   to  the  me l t ing   pot  (1)  and /o r   said  f i r s t  

s e c t i o n   (6)  of  the  condui t   (5)  by  h e a t i n g   e l ements   a s s o c i a t e d   w i t h  

the  pot  (1)  and  the  condui t   (5) ,   r e s p e c t i v e l y ,   or  p rov ided   in  t h e  

r e s p e c t i v e   f l u i d i z e d   beds  (2,  8 ) .  

14.  A p p a r a t u s   a cco rd ing   to  any  of  the  c la ims  8 -13 ,   c h a r a c t e r i s e d   i n  

tha t   the  c o n d u i t   (5)  fo l lows   a  winding  path  th rough  each  of  s a i d  

f i r s t   and  second  zones  ( I ,   I I )   to  p rovide   a  s u f f i c i e n t l y   l a r g e  



sur face   for  t r a n s f e r r i n g   the  n e c e s s a r y   heat  to  or  f r o m  t h e  a l l o y .  

15.  Appara tus   a c c o r d i n g   to  claim  14,  c h a r a c t e r i s e d   in  t h a t   t h e  

condui t   (5)  f o l l o w s   a  h e l i c a l   path  through  each  of  the  f i r s t   and 

second  zones  ( I ,   I I ) .  

16.  Appara tus   a c c o r d i n g   to  any  of  the  claims  8-15,  c h a r a c t e r i s e d   i n  

that   the  l e v e l   of  the  metal  in  the  mel t ing  pot  (1)  is  a d j u s t a b l e   t o  

c o n t r o l   the  meta l   l eve l   (15)  t h e r e i n   and  thereby  the  l e v e l   (14)  a t  

which  molten  a l l o y   is  supp l i ed   at  the  feed  point   (12)  of  the  c a s t i n g  

die  or  mould  ( 1 3 ) .  

17.  Appara tus   a c c o r d i n g   to  any  of  the  claims  8  to  16,  c h a r a c t e r i s e d  

in  tha t   a  s t a t i c   mixing  device   is  i n c o r p o r a t e d   in  the  c o n d u i t   ( 5 ) .  
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