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EXTRUSION  OF  METALS 

TECHNICAL  F I E L D  

The  p r e sen t   i nven t ion   r e l a t e s   to  the  e x t r u s i o n   of  m e t a l s .  

5  BACKGROUND  ART 
■  ■  •  In  Bri t ish  Pa ten t   S p e c i f i c a t i o n   No.  1370894,   t he re   is 

d e s c r i b e d   a  method  of,  and  a p p a r a t u s   for,  c o n t i n u o u s l y   e x t r u d i n g  

metal .   The  a p p a r a t u s   c o m p r i s e s   a  r o t a t a b l e   wheel  having  an  e n d l e s s  

groove  e x t e n d i n g   a round  its  p e r i p h e r y ,   a  f ixed  s t r u c t u r e   c o v e r i n g  

10  the  groove  along  part   of  its  l eng th   to  def ine   a  p a s s a g e w a y  

the rewi th ,   a  b locking  member  p r o j e c t i n g   into  the  groove  to  c l o s e  

off  one  end  of  the  p a s s a g e w a y   and  a  die  o r i f i ce   l ead ing   from  t h e  

closed  off  p a s s a g e w a y   a d j a c e n t   said  b locking   member.   In  use,  t h e  

wheel  is  r o t a t e d   r e l a t i v e   to  the  fixed  s t r u c t u r e   and  metal  rod  t o  

15  be  e x t r u d e d   is  fed  into  the  end  of  the  p a s s a g e w a y   away  from  t h e  

b locking   member  and  the  metal  is  c a r r i e d   along  in  the  groove  by 

f r a c t i o n a l   drag  in  the  d i r e c t i o n   t o w a r d s   the  blocking  member  and  is 

forced  th rough   the  die  o r i f i ce   to  p roduce   the  metal  p roduc t .   Such  

an  a p p a r a t u s   will  be  r e f e r r e d   to  as  an  a p p a r a t u s   of  the  t y p e  

2  0  d e s c r i b e d ,   and  is  known  commonly  as  a  "Conform"  apparatus  and  t he  

net  hod  is  s imilar ly   n a m e d .  

A  Conform  a p p a r a t u s   is-  usually  suppl ied   with  solid  nneta l ,  

but  it  is  known  to  provide   molten  metal  for  ex t ru s ion ,   but  it  is 

neces sa ry   to  ensure  that   the  metal  fed  into  the  input  side  of  t h e  

25  Conform  a p p a r a t u s   is  clean  and  free  from  oxides  and  d i s s o l v e d  

g a s e s .  
Known  mel t ing   t e c h n l o l o g y   can  provide  a  supply  of  c l e a n  

molten  meta l ,   but  the re   still  r emains   the  problem  of  t r a n s f e r r i n g  

the  metal  from  a  f u r n a c e   to  the  Conform  a p p a r a t u s   wi thout   i n d u c i n g  

3  0  oxides  and  gases  in  the  rr.olten  metal .   G e n e r a l l y ,   where  a 

cont inuous   supply  cf  molten  metal  is  r e q u i r e d ,   the  metal  is  a l l o w e d  

to  flow  in  l aunders   wi thout   b reak ing   the  oxide  skin  which  forms  on 

the  s u r f a c e   of  the  meta l .   The.  oxide  skin  forms  a  p r o t e c t i v e   sk in  

for  the  molten,   oxide  and  gas  free  metal  within.   This  method  h a s  

3  5  been  used  s a t i s f a c t o r i l y   down  to  flow  ra tes   of  about  1  t o n n e / h o u r  
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but  the  Conform  a p p a r a t u s   t yp i ca l l y   r equ i res   only  2G0  kg /hour   a n d  
at  such  low  flow  r a t e s   the  cross  s ec t ion   of  metal-  In  the  l a u n d e r s  
becomes  so  small  tha t   due  to  heat   losses  the  metal  tends  to  - f r e e z e .  
Consequen t l y   it  has  not  been  poss ible   to  use  this  method  of  m e t a l  

5  t r a n s f e r ,   t ak ing   a d v a n t a g e   of  the  na tu ra l ly   formed  oxide  layer   on 
the  s u r f a c e .   The  mol ten   metal  has  to  be  t aken ,   t h e r e f o r e ,   f r o m  
below  the  s u r f a c e   of  the  metal   in  the  fu rnace   to  avoid  mixing  in 
the  oxides   at  the  s u r f a c e .   This  can  be  a c h i e v e d   by  t app ing   t h e  
furnace   t h rough   a  hole  in  the  side  of  the  f u rnace   below  the  l e v e l  

10  of  the  s u r f a c e   of  the  mol ten   metal   from  the  f u r n a c e .   A  s t o p p e r   c a n  
be  used  to  c o n t r o l   the  flow  ra te   of  the  t a p p e d - o f f ,   mol ten  m e t a l  
but  such  s t o p p e r s   have  a  l imi ted   life  and  do  not  a c u r a t e l y   c o n t r o l  
the  flow  of  the  metal   at  low  flow  r a t e s .  
DISCLOSURE  OF  THE  INVENTION 

15  Accord ing   to  one  a spec t   the  p resen t   i nven t ion   p rov ides   a 
method  of  e x t r u d i n g   metal   using  an  a p p a r a t u s   of  the  type  d e s c r i b e d ,  
compr i s ing   the  s teps   o f :  

(a)  h e a t i n g   meta l   to  be  e x t r u d e d   in  a  f u rnace   so  that   t h e  
metal  becomes   m o l t e n ,  

20  (b)  P imp ing   mol ten   metal   from  below  the  s u r f a c e   of  t h e  
molten  metal   uP  by  means  of  an  e l e c t r o m a g n e t i c   pump  to  an  i n l e t  
side  of  an  a p p a r a t u s   of  the  type  de sc r ibed ,   a n d  

(c)  p r o v i d i n g   a  r e s t r i c t e d   flow  of  the  molten  metal   i n t o  
the  inlet   of  the  a p p a r a t u s   of  the  type  d e s c r i b e d .  

2d  Tns  method   of  the  p r e s e n t   inven t ion   p rov ides   a  useful   w a y  
of  p rov id ing   the  mol ten   meta l   to  the  inlet  of  the  Conform  a p p a r a t u s  
in  an  oxide  and  gas  f ree   c o n d i t i o n .  

P r e f e r a b l y   the  e l e c t r o m a g n e t i c   pump  t r a n s f e r s   the  m o l t e n  
metal  up  from  below  the  s u r f a c e   of  the  molten  metal  th rough   t h a t  

30  s u r f a c e   and  t r a n s f e r s   the  molten  metal  to  a d j a c e n t   and  above  t h e  
appa ra tu s   of  the  type  d e s c r i b e d ,   and  while  the  molten  metal  is  
being  t r a n s f e r r e d   the  mol ten  metal  is  hea t ed .   Still  m o r e  
p r e f e r a b l y   as  the  mol ten   metal  is  suppl ied  downward ly   into  t h e  
inle t   of  the  a p p a r a t u s   of  the  type  de sc r i bed   the  molten  roetql  is 

35  a lso  h e a t e d .  
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According  to  ano the r   a spec t   the  i n v e n t i o n   p rov ides   an  

appa ra tu s   for  the  ex t ru s ion   of  metal  using  an  a p p a r a t u s   of  the  t y p e  

d e s c r i b e d ,   compr i s ing :   a  f u rnace   for  h e a t i n g   metal   to  a  m o l t e n  

s t a t e ,   an  e l e c t r o m a g n e t i c   pump  for  t r a n s f e r r i n g   molten  metal  f rom 

5  below  the  level  of  the  s u r f a c e   of  the  mol ten  metal   in  the  f u r n a c e ,  

a  t r a n s f e r   tube  from  the  e l e c t r o m a g n e t i c   pump  e x t e n d i n g   to  a d j a c e n t  

and  above  an  inlet  to  the  a p p a r a t u s   of  the  type  d e s c r i b e d ,   and  a  

tube  of  r e s t r i c t e d   d i ame te r   e x t e n d i n g   from  the  t r a n s f e r   tube  t o  

i nmed ia t e ly   a d j a c e n t   the  inlet  to  the  a p p a r a t u s   of  the  t y p e  

10  d e s c r i b e d   for  supplying  the  molten  metal   from  the  t r a n s f e r   tube  t o  

the  inlet  to  the  a p p a r a t u s   of  the  type  d e s c r i b e d .  

P r e f e r a b l y   the  t r a n s f e r   tube  is  a d a p t e d   to  be  h e a t e d   t o  

m a i n t a i n   the  metal  in  the  molten  s t a t e .   The  t r a n s f e r   tube  may 

t e r m i n a t e   in  a  top  box  for  t e m p o r a r i l y   holding  the  molten  m e t a l ,  

15  and  from  the  unde r s ide   of  which  the  down  tube  e x t e n d s .   P r e f e r a b l y  

the  top  box  is  a d a p t e d   to  be  h e a t e d .  

The  r e s t r i c t e d   d i a m e t e r   tube  is  p r e f e r a b l y   h e a t e d   to  h e a t  

the  f lowing  meta l .   A d v a n t a g e o u s l y   this  can  be  done  by  i n d u c t i o n  

hea t ing .   In  an  embod imen t   the  h e a t i n g   is  p rov ided   by  an  o u t e r  

2  0  cover  tube  made  of  metal  a r r a n g e d   about  an  inner ,   metal  c a r r y i n g  

tube.  The  ends  of  the  outer   tube  are  c o n n e c t e d   to  a  c u r r e n t   s u p p l y  

at  low  vo l tage   to  heat  the  outer   tube  and  t h e r e b y   the  inner  t u b e .  

In  a  preferred  embodiment  the  down  tube  is  made  from 

t i t a n i u m   and  the  t r a n s f e r   tubes  and  to?  box  are  made  from  s i l i c o n  

25  ca rb ide   r e f r a c t o r y .  

P r e f e r r e d   e m b o d i m e n t s   of  the  i n v e n t i o n   will  now  be  

d e s c r i b e d   by  way  of  example  and  with  reference   to  the  accompany ing  

drawings  : 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS' 

30  Figure   1  is  a  s c h e m a t i c   r e p r e s e n t a t i o n   of  an  a p p a r a t u s  

acco rd ing   to  a  p r e f e r r e d   embod imen t   in  c o n j u n c t i o n   with  a  C o n f o r m  

appa ra tu s   of  the  type  d e s c r i b e d ;  

F igure   2  is  a  c r o s s - s e c t i o n a l   view  th rough   a  down  pipe  o f  

the  a p p a r a t u s   of  the  p r e f e r r e d   embod imen t   of  the  i nven t ion ;   a n d  

35  Figures   3,  4,  and  5  are  v a r i a t i o n s   in  the  a r r a n g e m e n t   o f  
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the  input  side  of  a  Conform  a p p a r a t u s   of  the  type  de sc r ibed   used  in 

c o n j u n c t i o n   with  the  p r e s e n t   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   to  F igure   1  of  the  d rawings   an  e x t r u s i o n  

5  a p p a r a t u s   g e n e r a l l y   compr i s e s   a  f u r n a c e   1  for  hea t i ng   metal ,   a  
t r a n s f e r   mechanism  2  for  t r a n s f e r r i n g   molten  metal   from  the  f u r n a c e  
1  to  a  Conform  a p p a r a t u s   3,  of  the  type  desc r ibed .   The  fu rnace   1 
is  of  c o n v e n t i o n a l   design,   for  example   an  Elmouth  r e s i s t a n c e   h e a t e d  
furnace .   The  Conform  a p p a r a t u s   is  of  c o n v e n t i o n a l   form,  with  a n  

10  in le t   3a  to  a  wheel  3b  having  a  g roove   3c,  and  an  e x t r u s i o n   o r i f i c e  
3d.  The  t ransfer   mechanism  2  comprises  an  e lec t romagnet ic   pump  4 
with  an  inlet   4a  a r r a n g e d   to  be  below  the  level  of  the  molten  m e t a l  
in  the  f u r n a c e   1.  An  ou tput   4b  of  the  e l e c t r o m a g n e t i c   pump  4  is 

connec ted   to  a  t r a n s f e r   tube  5  which  t e r m i n a t e s   at  a  top  box  6.  A 

15  down  tube  7  ex t ends   from  wi th in   the  bot tom  half  of  the  top  box  6  t o  

ad j acen t   an  inlet   3a  of  the  Conform  a p p a r a t u s   3.  E l e c t r o m a g n e t i c  

pumps  per  se  are  known  and  produced  by  Novatome  of  F r a n c e .  

The  t r a n s f e r   mechan ism  2  will  now  be  d e s c r i b e d   in  more  
d e t a i l .   The  e l e c t r o m a g n e t i c   pump  4  is  i t se l f   c o n v e n t i o n a l   and  wi l l  

2  0  not  be  d e s c r i b e d   in  de ta i l .   The  t r a n s f e r   tube  5  and  top  box  6  a r e  
made  from  si l icon  ca rb ide   r e f r a c t o r y   and  are  wound  about  w i t h  

r e s i s t a n c e   wire  to  which  e l e c t r i c   c u r r e n t   can  be  suppl ied   to  h e a t  

the  t r a n s f e r   tube  5  and  the  top  box  6.  The  down  tube  7  compr ises   a 
cen t ra l   t i t a n i u m   tube  8  of  r e s t r i c t e d   d i a m e t e r   which  is  s u r r o u n d e d  

2  5  over  most  of  its  l ength   by  a  hollow  bodied  cover  tube  9.  T h e  

ho l low  bodied  cover  tube  9  is  made  up  of  an  inner  cy l i nd r i ca l   wa l l  

10  and  an  ou te r   cy l i nd r i ca l   wall  11  which  are  held  t o g e t h e r   by 

annular   end  members   12  and  13.  The  outer   tube  11  is  divided  i n t o  

two  pa r t s   l l a   and  l i b   which  are  e l e c t r i c a l l y   i so la ted .   The  o u t e r  

3  0  tube  is  made  of  s t a i n l e s s   s tee l   so  as  to  provide   a  su i t ab le   c u r r e n t  

path  e.g.  tube  l l a ,   end  ring  12,  tube  10,  end  ring  13  and  o u t e r  

tube  l i b .   The  two  ha lves   of  the  outer   tube  l l a ,   l i b   h a v e  

r e s p e c t i v e   t e r m i n a l s   14,  15.  The  hollow  body  of  the  outer ,   c o v e r  
tube  9  is  f i l led  with  high  t e m p e r a t u r e   i n su l a t i on   m a t e r i a l .   The  

3  5  down  tube  7  is  mounted   to  p r o j e c t   d o w n w a r d s   from  the  hea ted   top  box- 
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6  with  one  end  7a  within  top  box  6.  That  end  7a  of  the  down  tube  7 

has  an  annula r   t i t a n i u m   f lange  16  and  ce ramic   ga ske t s   17  on  t h e  

annular  end  member  12  of  the  outer   cover  tube  9  to  p r o t e c t   t h e  

cover  t u b e .  

5  In  use  the  r e s i s t a n c e   wires  about   the  t r a n s f e r   tubes   5  a n d  

top  box  6  are  c o n n e c t e d   to  a  mains  power  supply  while  the  o u t e r  

cover  tube  9  of  the  down  tube  7  has  its  t e r m i n a l s   14,  15  c o n n e c t e d  

to  a  low  vo l tage   high  c u r r e n t   power  supply  t yp i ca l l y   two  volts ,   200 

amps. 

10  In  use,  the  e l e c t r o m a g n e t i c   pump  takes   molten  metal   f r o m  

below  the  melt  s u r f a c e   and  t r a n s f e r s   the  metal   th rough   t r a n s f e r  

tube  5  to  top  box  6,  both  of  which  are  of  course   h e a t e d .   T h e  

molten  metal  then  passes   from  the  top  box  6  down  the  r e s t r i c t e d  

diameter  t i t an ium  tube  8  into  the  inlet  3a  of  the  molten  C o n f o r m  

15  machine  3.  It  is  to  be  a p p r e c i a t e d   that   the  metal   is  kept  h e a t e d  

throughout  the  t r a n s f e r   from  the  f u rnace   to  the  Conform  machine   in 

a  s u b s t a n t i a l l y   oxide  and  gas  free  cond i t ion .   In  p a r t i c u l a r   t h e  

hea t ing   of  the  down  pipe  7  is  i m p o r t a n t   to  main ta in   the  m e t a l  

molten  as  the  d i a m e t e r   of  the  down  tube  is  small.  The  h e a t i n g  

20  arrangement  of  the  down  tube  7  is  des igned   to  allow  the  n e c e s s a r y ,  

p e r i o d i c   r e p l a c e m e n t   of  the  t i t an ium  tube  8,  and  as  a  low  v o l t a g e  

arrangement  is  r e l a t i v e l y   safe.   The  c o n s t r u c t i o n   of  the  downpipe   7 

is  a d v a n t a g e o u s l y   rugged   to  cope  with  the  harsh  e n v i r o n m e n t   at  t h e  

input  to  the  Conform  m a c h i n e .  

25  Figures   3  and  4  show  a d a p t a t i o n s   of  Conform  a p p a r a t u s   t o  

take  a d v a n t a g e   of  the  d e s c r i b e d   a p p a r a t u s   for  t r a n s f e r r i n g   m o l t e n  

metal  to  the  Conform  a p p a r a t u s .   R e f e r r i n g   first   to  F igure   3  in  t h e  

Conform  a p p a r a t u s   3  the  inlet  or  molten  metal  shoe  31  e x t e n d s   a b o u t  

s u b s t a n t i a l l y   the  whole  of  the  l e f t - h a n d   half  of  the  Conform  w h e e l  

30  3b  and  the  h e a t e d   down  tube  7  is  p o s i t i o n e d   a d j a c e n t   to  the  "12  

O 'c lock"   pos i t ion   of  the  wheel  3b.  A  n o s e p i e c e   32  e x t e n d s   into  t h e  

groove  3c  of  the  wheel  3b  from  the  inlet  tube  and  next  to  the  e n d  

of  the  down  tube  7.  With  this  a r r a n g e m e n t   the  molten  metal   is  f e d  

to  the  groove  3c  of  the  Conform  wheel  3b  at  the  top  of  the  w h e e l  

3  5  3b.  The  metal  flow  to  the  wheel  is  not  r e s t r i c t e d   and  the  w h o l e  
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groove  is  f i l l e d .  

Turning  now  to  Figure   4  in  a n o t h e r   a d a p t a t i o n   of  t h e  
Conform  a p p a r a t u s   the  down  pipe  7  again  t e r m i n a t e s   a d j a c e n t   the  " 1 2  
O ' c l o c k "   pos i t ion   of  the  Conform  wheel   3b.  In  this  a d a p t a t i o n   t h e  

5  in le t   shoe  41  of  the  Conform  a p p a r a t u s   has  an  i n t e rna l   pocke t   42 
a d j a c e n t   to  the  groove  3c  in  the  wheel  3b,  and  into  which  can  be 
s u p p l i e d   wa t e r   for  cool ing  the  shoe  and  t h e r e b y   the  molten  metal  in  
the  g roove   3c.  Also,  a  wate r   spray  43  is  p r o v i d e d   a d j a c e n t   t h e  
lower  l e f t - h a n d   part   of  the  wheel  3b  for  s p r a y i n g   wa t e r   d i r e c t l y  

10  onto  the  meta l   in  the  groove  3 c .  
In  the  F igure   5  a r r a n g e m e n t   the  down  pipe  7  a g a i n  

t e r m i n a t e s   near  the  "12  O ' c l o c k "   pos i t i on   of  the  conform  wheel  3b.  
In  this  a r r a n g e m e n t ,   the  wheel  r o t a t e s   c l o c k w i s e   so  that   the  m o l t e n  
( s o l i d i f y i n g )   metal   is  only  t r a n s p o r t e d   t h rough   90°  before   b e i n g  

15  fo rced   t h rough   the  e x t r u s i o n   ou t l e t .   T h e r e f o r e   heat  flows  in  t h e  
wheel  over  90°  and  out  over  360°,  so  tha t   the  wheel  forms  a n  
e f f e c t i v e   heat   sink.  A  gas  rich  f lame  (51)  is  app l i ed   to  t h e  
mol ten   meta l   to  r educe   o x i d a t i o n   of  the  m e n i s c u s .  

Other  v a r i a t i o n s   may  be  poss ib le ,   e.g.  the  down  tube  may 
2  0  not  n e c e s s a r i l y   be  v e r t i c a l ,   in  fact ,   for  low  flows  of  metal  it  

could  be  p o s i t i o n e d   a lmost   h o r i z o n t a l l y   in  order   to  keep  the  t u b e  
full  of  m e t a l .  

25 

30  

35 
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CLAKVS: 

1.  A  method  of  ex t rud ing   metal  using  an  a p p a r a t u s   of  the  t y p e  

desc r ibed ,   compr is ing   the  s teps   o f :  

5  (a)  hea t ing   metal  to  be  e x t r u d e d   in  a  f u rnace   so  that  t h e  

metal  becomes   m o l t e n ,  

(b)  pumping  molten  metal   from  below  the  s u r f a c e   of  t h e  

molten  metal  up  by  means  of  an  e l e c t r o m a g n e t i c   pump  to  an  i n l e t  

side  of  an  a p p a r a t u s   of  the  type  d e s c r i b e d ,   a n d  

10  (c)  p rov id ing   a  r e s t r i c t e d   flow  of  the  molten  metal   i n t o  

the  inlet   of  the  a p p a r a t u s   of  the  type  d e s c r i b e d .  

2.  A  method  as  c laimed  in  claim  1,  where in   the  e l e c t r o m a g n e t i c  

punp  t r a n s f e r s   the  molten  metal  up  from  below  the  s u r f a c e   of  t h e  

15  molten  metal  through  that   s u r f a c e   and  t r a n s f e r s   the  molten  metal  t o  

ad j acen t   and  above  the  a p p a r a t u s   of  the  type  d e s c r i b e d ,   and  w h i l e  

the  molten  metal   is  being  t r a n s f e r r e d   the  molten  metal  is  hea t ed   t o  

m a i n t a i n   the  metal  in  a  molten  s t a t e .  

2  0  3.  A  method  as  c la imed  in  claim  2,  where in   as  the  molten  metal  is 

s u p p l i e d   downward ly   into  the  inlet  of  the  a p p a r a t u s   of  the  t y p e  
d e s c r i b e d   the  molten  metal  is  also  h e a t e d   to  main ta in   the  T.e ta l  

mol  t e n .  

25  4.  An  a p p a r a t u s   for  the  e x t r u s i o n   of  metal  using  an  a p p a r a t u s   o f  

the  type  de sc r ibed ,   compr i s ing :   a  f u r n a c e   (1)  for  hea t i ng   metal  to  

a  molten  s t a t e ,   an  e l e c t r o m a g n e t i c   pump  (4)  for  t r a n s f e r r i n g   m o l t e n  

metal  from  below  the  level  of  the  s u r f a c e   of  the  rr.olten  metal   in 

the  f u r n a c e ,   a  t r a n s f e r   tube  (3,  6)  from  the  e l e c t r o m a g n e t i c   pump 
3  0  (4)  e x t e n d i n g   to  a d j a c e n t   an  inlet  (3a)  to  the  a p p a r a t u s   (3)  of  t h e  

type  d e s c r i b e d ,   and  a  tube  (7)  of  r e s t r i c t e d   d i a m e t e r   e x t e n d i n g  
from  the  t r a n s f e r   tube  (5,  6)  to  the  inlet  (3a)  to  the  a p p a r a t u s   o f  

the  type  d e s c r i b e d   for  supply ing   the  molten  metal  from  the  t r a n s f e r  

tube  (5,  6)  to  the  inlet  (3a)  to  the  a p p a r a t u s   of  the  t y p e  

35  d e s c r i b e d .  
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5.  An  a p p a r a t u s   as  c l a imed   in  claim  4,  where in   the  t r a n s f e r   t u b e  
"(5)  has  h e a t i n g   means  for  m a i n t a i n i n g   the  metal  in  a  molten  s t a t e .  

5  6.  An  a p p a r a t u s   as  c l a imed   in  claim  4  or  claim  5,  where in   t h e  
t r a n s f e r   tube  (5)  t e r m i n a t e s   in  a  top  box  (6)  for  t e m p o r a r i l y  
ho ld ing   the  mol ten   meta l ,   and  from  the  unders ide   of  which  the  d o w n  
tube  (7)  e x t e n d s .  

10  7.  An  a p p a r a t u s   as  c l a imed   in  claim  6,  where in   the  top  box  ( 6 )  
has  h e a t i n g   m e a n s .  

S.  An  a p p a r a t u s   as  c l a imed   in  claims  4,  5,  6  or  7,  where in   t h e  
tube  (7)  of  r e s t r i c t e d   d i a m e t e r   has  hea t ing   means  to  heat  the  m e t a l  

15  f lowing  w i t h i n .  

9.  An  a p p a r a t u s   as  c l a imed   in  claim  8,  where in   the  h e a t i n g   m e a n s  
is  an  e l e c t r i c a l   i n d u c t i o n   h e a t i n g   m e a n s . . r ^ '  

20  10.  An  a p p a r a t u s   as  c l a imed   in  claim  8  or  claim  9,  where in   t h e  
h e a t i n g   means  for  the  down  tube  (7)  has  an  outer   e l e c t r i c a l  
conduc t ive   tube  (10,  11)  p o s i t i o n e d   about   an  inner,   fluid  m e 4 l  

c a r r y i n g   tube  (8),  the  outer   tube  (10,  11)  is,  in  use,  c o n n e c t e d   t o  
an  e l e c t r i c a l   supply ,   and  the  flow  of  cu r r en t   in  the  .outer   t u b e  

2  5  inc ludes   eddy  c u r r e n t   h e a t i n g   in  the  inner,  fluid  metal  tube  ( 8 ) .  

- 3 0  

3  5 
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