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CONTINUOUS  PRODUCTION  OF  ALLOYS.  

TECHNICAL  F I E L D  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  the  c o n t i n u o u s   p r o d u c t i o n  

5  of  al loys  and  in  p a r t i c u l a r ,   though  not  e x c l u s i v e l y ,   to  t h e  

p r o d u c t i o n   of  a l umin ium  alloy  c o n t i n u o u s l y .  

BACKGROUND  ART 

IVblten  a lumin ium  alloy  is  used  in  a  v a r i e t y   of  p r o d u c t i o n  

methods,  for  e x a m p l e   in  c o n t i n u o u s   cas t ing   and  to  supply  a  " C o n f o r m "  

10  e x t r u d e r .   C o n v e n t i o n a l l y   a  f u r n a c e   full  of  pure  a lumin ium  is 

melted,  and  the  mo l t en   a luminium  doped  with  the  n e c e s s a r y   q u a n t i t i e s  
of  a l loy ing   me ta l s   to  p roduce   a  des i red   alloy  f o r m u l a t i o n .   As  a 

method  of  p r o d u c i n g   a  large  q u a n t i t y   of  molten  a lumin ium  filloy  t h i s  

method  is  r e a s o n a b l y   s a t i s f a c t o r y .   However ,   it  is  qu i te   common  t o  

15  only  want  to  p r o d u c e   a  r e l a t i v e l y   small  q u a n t i t y   of  a  f i n i s h e d  

product  of  a  p a r t i c u l a r   al loy,   for  example   when  using  a  C o n f o r m  

ex t rude r .   The  p r a c t i c e   in  the  past  has  been  to  p r o d u c e   a  f u r n a c e  

full  of  the  d e s i r e d   molten  alloy  and  to  use  as  much  as  is  n e c e s s a r y  
for  a  p r o d u c t i o n   run  and  then  to  d iscard   the  res t ,   with  only  a 

20  l im i t ed   p o s s i b i l i t y   of  r e c y c l i n g .   This  known  t e c h n i q u e   has  r e s u l t e d  

in  a  c o n s i d e r a b l e   was te   of  alloy,  and  c o n s e q u e n t l y   i n c r e a s e d   t h e  

expense  of  small  s ca le   p r o d u c t i o n   of  p r o d u c t s   of  a  p a r t i c u l a r   a l l o y ,  

to  the  e x t e n t   tha t   it  may  not  be  w o r t h w h i l e   making  only  s m a l l  

amounts  of  a  p r o d u c t .  

2  5  DISCLOSURE  OF  THE  INVENTION 

The  p r e s e n t   i nven t ion   seeks  to  p rov ide   a  me thod   a n d  

appara tus   for  the  p r o d u c t i o n   of  molten  alloy  meta ls   in  c o n t r o l l a b l e  

q u a n t i t i e s .  

Accord ing   to  a  f irst   a spec t   the  i n v e n t i o n   p r o v i d e s   a n  

30  appara tus   for  the  c o n t i n u o u s   p r o d u c t i o n   of  molten  metal   a l l o y ,  

compr i s ing :   a  f u r n a c e   for  mel t ing  a  basic  metal  of  the  a l loy ,   m e a n s  

for  r e c e i v i n g   a  c o n t r o l l e d   supply  of  molten  metal  from  the  f u r n a c e ,  

and  means  for  p r o v i d i n g   to  the  molten  metal  in  the  r e c e i v i n g   m e a n s  

c o n t r o l l e d   a m o u n t s   of  at  least   one  a l loying  metal  for  c o m b i n i n g   w i t h  

35  the  basic  metal   of  the  alloy  to  form  a  c o n t r o l l e d   supply  of  t h e  

#  
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d e s i r e d   a l l o y .  

P r e f e r a b l y   the  a p p a r a t u s   i n c l u d e s   a  f e edback   cont ro l   s y s t e m  

which  d e t e r m i n e s   the  r a t e   of  p r o d u c t i o n   of  the  alloy  and  ad jus t s   t h e  

amount  of  a l l oy ing   meta l   be ing   s u p p l i e d .  

5  In  a  p r e f e r r e d   e m b o d i m e n t   a  va lve   con t ro l s   the  flow  of  t h e  

mol ten   basic  metal   from  the  f u r n a c e   and  the  valve  assembly  f o r m s  

part   of  the  r e c e i v i n g   means   and  the  a l l o y i n g   metal  is  i n t r o d u c e d  

in to   the  basic  metal   f l o w i n g   t h r o u g h   the  va lve ,   and  t o g e t h e r   t h e y  

are  supp l i ed   to  an  a l l o y i n g   c h a m b e r   where   the  alloy  is  t e m p o r a r i l y  

10  c o n t a i n e d   to  allow  the  a l l o y i n g   e l e m e n t s   to  d i f fuse   u n i f o r m l y  

through  the  basic  mol ten   m e t a l .  

The  a l loy ing   m e t a l ( s )   can  be  held  in  a  " m a s t e r "   alloy  o f  

the  basic  metal   with  high  c o n c e n t r a t i o n ( s )   of  the  al loying  m e t a l ( s ) .  

According  to  a n o t h e r   a s p e c t   of  the  invent ion   there   is 

15  p r o v i d e d   a  method   of  p r o d u c i n g   mol ten   metal   alloy  c o m p r i s i n g  

(a)  me l t ing   a  basic  m e t a l ,  

(b)  supp ly ing   a  c o n t r o l l e d   flow  of  the  molten  basic  m e t a l ,  

and 

(e)  i n t r o d u c i n g   into  the  c o n t r o l l e d   supply  of  molten  b a s i c  

20  metal ,   at  l eas t   one  a l l o y i n g   meta l   in  con t ro l l ed   amounts   in 

order  to  p r o d u c e ,   c o n t i n u o u s l y ,   an  alloy  of  c o n t r o l l e d   a n d  

d e s i r e d   c o m p o s i t i o n .  

A  p r e f e r r e d   e m b o d i m e n t   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  r e fe rence   to  the  accompanying  

2  5  d r a w i n g s :  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

a c c o r d i n g   to  the  p r e f e r r e d   embodiment  of  the  invent ion ;   and 

F igure   2  is  a  c o m b i n a t i o n   of  a  par t   of  the  diagram  o f  

30  F i g u r e   1  and  a  block  s c h e m a t i c   d i ag ram  of  a  control   c i rcu i t   for  t h e  

a p p a r a t u s   of  Figure   1 .  

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

In  the  s u b s e q u e n t   d e s c r i p t i o n   the  a p p a r a t u s   of  t h e  

p r e f e r r e d   embod imen t   will  be  d e s c r i b e d   being  used  in  c o n j u n c t i o n  

35  with  a  "Confo rm"   e x t r u d i n g   a p p a r a t u s .   It  is  to  be  a p p r e c i a t e d   t h a t  
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the  invent ion   is  not  l im i t ed   to  the  use  of  the  a p p a r a t u s   in 

c o n j u n c t i o n   with  any  p a r t i c u l a r   a p p a r a t u s   which  uses,  or  m e t h o d   n f  

using,  the  molten  metal  alloy  p r o d u c e d   by  the  a p p a r a t u s   of  t h e  

inven t ion .   A  typ ica l   a l t e r n a t i v e   to  " C o n f o r m "   e x t r u s i o n   a p p a r - i   as 

5  would  be  a  c o n t i n u o u s   cast   ing  m a c h i n e .  

F igure   1  shows  a  p r e f e r r e d   e m b o d i m e n t   of  the  i n v e n t i o n ,  

wherein  a  molten  a luminium  alloy  is  p r o d u c e d   and  suppl ied   to  a  

"Conform"  e x t r u d i n g   a p p a r a t u s .   A  f u r n a c e   1  is  c o n n e c t e d   t h r o o j "   ; 

mixing  and  flow  con t ro l   valve  2  to  an  a l loy ing   chamber   3,  whu*>» 

10  valve  has  an  upper  port  2a.  A  c o n v e y i n g   a p p a r a t u s   4  is  a r r a n g e d   t n  

supply  a  molten  alloy  from  the  a l loy ing   chamber   3  into  a  C o n f o r m  

appa ra tu s   5.  A  s luice   gate   6  c o n t r o l s   r u n - o f f   from  the  a l l o y i n g  

chamber  3  to  a  r u n - o f f   7. 

In  the  p r e f e r r e d   e m b o d i m e n t   a luminium  A  is  mel ted   in  t h e  

15  furnace   1  and  run  into  the  mixing  con t ro l   valve  2.  A  "Mas te r   A l l o y "  

B  in  rod  form  is  also  supp l ied   into  the  mixing  con t ro l   valve  2 

through  port  2a,  to  be  me l t ed   by  the  mol ten  a luminium  A.  The  m o l t e n  

a l loy   mixture   runs  into  the  a l loy ing   c h a m b e r   3  where  the  a l l o y i n g  

metals   in  the  "Mas te r   Alloy"  d i f fuse   t h r o u g h o u t   the  basic  a l u m i n i u m  

20  metal  to  p roduce   a  c o n s i s t e n t   alloy  of  d e s i r e d   c o m p o s i t i o n .   T h e  

"Master  Alloy"  rod  B  is  of  known  alloy  c o m p o s i t i o n   and  is 

c o n t i n u o u s l y   fed  into  the  mixing  con t ro l   valve  2  to  p roduce   t h e  

d e s i r e d   ou tput   a l l o y .  

As  can  be  b e t t e r   seen  in  F igure   2  the  f eed ing   of  t h e  

25  "Master  Alloy"  B  is  c o n t r o l l e d   by  a  pair  of  ro l le rs   10.  The  s p e e d  

of  r o t a t i o n   of  the  ro l l e r s   10  is  c o n t r o l l e d   by  a  cont ro l   c i r cu i t   20 ,  

A  sensor  8  d e t e c t s   the  area   of  the  e x t r u s i o n   output   from  the  C o n f o r m  

ex t ruder   5  to  provide   an  area  input  A  to  cont ro l   c i rcu i t   20  and  a 

speed  sensor  9  p rov ides   an  input  V  r e l a t e d   to  the  speed  o f  

30  p roduc t ion   of  the  e x t r u s i o n   m a t e r i a l .   In  add i t ion   the  c o n t r o l  

c i r c u i t   20  is  suppl ied   with  input  data  giving  the  r e q u i r e d   a l l o y  

compos i t ion   and  the  c o m p o s i t i o n   of  the  mas te r   alloy  B  which  is  to  be  

added  to  the  basic  molten  a luminium  A.  From  the  data  suppl ied   t h e  

control  c i rcu i t   20  con t ro l s   the  feed  rolls  10  to  provide   the  m a s t e r  

35  a l loy   rod  at  an  a p p r o p r i a t e   rate   to  p roduce   the  des i red   o u t p u t  
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a l l o y .  

At  t e r m i n a t i o n   of  e x t r u s i o n   with  a  p a r t i c u l a r   al loy  t h e  

valve  2  is  c l o sed   s h u t t i n g   off  flow  of  a lumin ium  from  the  f u r n a c e   1 

and  the  m a s t e r   al loy  B  is  no  longer   supp l i ed .   The  r e m a i n i n g ,  

5  r e l a t i v e l y   small  q u a n t i t y   of  alloy  in  the  mixing  c o n t r o l   valve  2  a n d  

a l l o y i n g   c h a m b e r   3  is  r u n - o f f   t h r o u g h   r u n - o f f   7  by  open ing   t h e  

s l u i c e   ga te   6.  It  will  be  a p p r e c i a t e d   that   only  a  r e l a t i v e l y   s m a l l  

volume  of  a l loy  is  r u n - o f f .   P r o d u c t i o n   of  an  al loy  of  d i f f e r i n g  

c o m p o s i t i o n   can  then  begin,   with  the  a p p r o p r i a t e   data   being  p r o v i d e d  

10  to  the  c o n t r o l   c i r c u i t   20.  

In  some  c i r c u m s t a n c e s   it  may  be  a d v a n t a g e o u s   to  a g i t a t e   t h e  

a l l oy   m i x t u r e   in  the  a l loy ing   c h a m b e r   3  to  ensure   the  c o n s i s t e n c e   o f  

the  a l loy .   This  may  be  done  by  means  of  a  metal   m e c h a n i c a l   or  a n  

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

15  Al though   the  described  embodiment  makes  use  of  a  m a s t e r  

a l l oy   in  rod  form  it  would  be  poss ib le   to  use  p e l l e t s   or  g r a n u l a r  

master  a l loy   for  f e e d i n g   to  the  basic  a luminium  me ta l .   In  s u c h  

a l t e r n a t i v e   cases   it  would  be  obv ious ly   n e c e s s a r y   to  r e p l a c e   t h e  

feed  rolls  10  wi th   some  means  for  r e g u l a t i n g   the  supply  of  m a s t e r  

20  a l l oy   a p p r o p r i a t e   to  the  form  of  alloy  m a t e r i a l   being  u s e d .  

An  example   of  p r o d u c t i o n   of  one  alloy  will  now  be  d e s c r i b e d  

for  the  p u r p o s e s   of  i l l u s t r a t i o n   o n l y .  

The  c o n t r o l   c i r cu i t   20  is  supp l i ed   with  data   such  a s : -  

(1)  e x t r u s i o n   speed  V, 

25  (2)  e x t r u s i o n   cross   s e c t i o n   a rea   A,  which  t o g e t h e r   with  t h e  

e x t r u s i o n   speed  V  e n a b l e s   it  to  c a l c u l a t e   the  volume  o r  

weight   per  minute  f lowing  through  the  v a l v e ,  

(3)  a l l o y   c o m p o s i t i o n   r e q u i r e d ,   and 

(4)  c o m p o s i t i o n   of  a l l o y i n g   rod  or  p e l l e t s .  

30  Typ ica l   a l l o y i n g   c a l c u l a t i o n :  

e x t r u s i o n   speed  30  met res   per  m i n u t e ,  

c r o s s   s e c t i o n   area   100  sq  ran, 

weight   per  minute  =  30  x  100  x  2.7  = 8 . 1   Kg /min ,  

1000 

35  bath  p u r i t y   99.8%  a l u m i n i u m ,  
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c o m p o s i t i o n   of  a l l o y i n g   p e l l e t s   s a y  

Al  50%,  Si  25%,  Mg  25%  (mas ter   a l l o y ) ,  

for  6063  Alloy  (Al  Mg  Si.  6)  

w e i g h t / m i n u t e   s i l i c o n   r e q u i r e d   =  8.1  x  .006  =  .048  Kg/min 

5  w e i g h t / m i n u t e   Magnesium  r e q u i r e d   =  8.  1  x  .006  =  .048  Kg/min 

to ta l   weight  of  a l l o y   e lements   =  .096  Kg/min 

weight  of  master  a l loy   r e q u i r e d  

=  .096  =  .192  Kg/min 

. 5  

10  Hence  wire  or  pe l le t s   would  be  added   at  the  ra te   of  192  grams  p e r  
minute   to  c r e a t e   6063  from  high  p u r i t y   a l u m i n i u m ,  

weight  /met  re  &nm  master  a l l o y   =  65  gm.m 

master   a l loy   rod  speed  =  192  =  2.95  m /minu t e  

65 

15 

If,  for  the  sake  of  example   the  e x t r u s i o n   speed  were  s u d d e n l y  

reduced  to  10  met res   per  minu te ,   the  con t ro l   system  would  r educe   t h e  

master  alloy  rod  speed  to  0.98  m/min  to  ma in t a in   the  c o r r e c t   a l l o y  

co ipos i   t  i o n .  

20  

25  

30  

35 
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CLAIMS: 

1.  An  a p p a r a t u s   for  the  c o n t i n u o u s   p r o d u c t i o n   of  m o l t e n  

metal  a l loy ,   c o m p r i s i n g :   a  f u rnace   (1)  for  me l t i ng   a  basic   metal   o f  

5  the  a l l oy ,   means   (2)  for  r e c e i v i n g   a  c o n t r o l l e d   supply   of  m o l t e n  

metal  from  the   f u r n a c e ,   and  means  (20,  10)  for  p r o v i d i n g   to  t h e  

mol ten   me ta l   in  the  r e c e i v i n g   means  (2)  c o n t r o l l e d   a m o u n t s   of  a t  

l ea s t   one  a l l o y i n g   metal  for  combin ing   with  the  bas ic   metal   of  t h e  

a l l o y   to  form  a  c o n t r o l l e d   supply  of  the  d e s i r e d   a l l o y .  

10 

2.  An  a p p a r a t u s   as  c la imed  in  claim  1,  w h e r e i n   t h e r e   is  a  

f eedback   c o n t r o l   sys tem  (29)  which  d e t e r m i n e s   the  r a t e   o f  

p r o d u c t i o n   of  the  alloy  and  ad jus t s   the  amount   of  a l l o y i n g   m e t a l  

being  s u p p l i e d   by  the  a l loy ing   metal  p r o v i d i n g   means   ( 1 0 ) .  

15 

3.  An  a p p a r a t u s   as  c la imed  in  claim  1  or  c la im  2,  whe re in   a 

valve  (2)  c o n t r o l s   the  flow  of  the  molten  basic  meta l   from  t h e  

fu rnace   (1)  and  the  valve  assembly  forms  part   of  the  r e c e i v i n g  

means  (2)  and  the  a l loy ing   metal  is  i n t r o d u c e d   into  the  basic  m e t a l  

20  f lowing   t h r o u g h   the  valve  (2),  and  the  valve  (2)  is  c o n n e c t e d   to  a n  

a l l o y i n g   c h a m b e r   (3)  where   the  alloy  is  t e m p o r a r i l y   c o n t a i n e d   t o  

a l l o w   the  a l l o y i n g   e l e m e n t s   to  d i f fuse   un i fo rmly   t h r o u g h   the  b a s i c  

mol ten   m e t a l .  

25  4.  A  m e t h o d   of  p r o d u c i n g   mol ten  metal  a l loy   c o m p r i s i n g  

(a)  me l t i ng   a  basic  m e t a l ,  

(b)  s u p p l y i n g   a  c o n t r o l l e d   flow  of  the  m o l t e n   basic  m e t a l ,  

and  

(c)  i n t r o d u c i n g   into  the '   c o n t r o l l e d   supply   of  mol ten   b a s i c  

30  meta l ,   at  l e a s t   one  a l loying  metal  in  c o n t r o l l e d   a m o u n t s   in  o r d e r  

to  p r o d u c e ,   c o n t i n u o u s l y ,   an  alloy  of  c o n t r o l l e d   and  d e s i r e d  

compos  i  t  i o n .  
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