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@  Process  for  producing  an  aluminium-silicon  alloy  from  concentrates  containing  corresponding  oxides,  even  if  chemically 
combined  with  each  other  and/or  with  other  metal  oxides. 

  A  process  for  producing  an  aluminium-silicon  alloy from 
concentrate  containing  the  corresponding  oxides,  even  if 
chemically  combined  with  each  other  and/or  with  other 
metal  oxides,  consisting  of  reducing  said  oxides  with  a 
carbon-based  reducing  agent  in  the  presence  of  a  plasma  arc 
burner  in  a  shaft  reactor  filled  with  reducing  material  of 
suitable  size. 



This  i n v e n t i o n   r e l a t e s   to  a  process   for  producing  an  Al-Si  a l l o y  

from  c o n c e n t r a t e s   c o n t a i n i n g   the  co r r e spond ing   oxides ,   even  i f  

chemica l ly   combined  with  each  o ther   in  the  form  of  a l u m i n o - s i l i c a t e s .  

For  example,  in  the  case  of  l e u c i t e s ,   which  is  the  most  i m p o r t a n t  

case  e s p e c i a l l y   for  I t a l y ,   a  l a rge   number  of  p rocesses   have  been  

developed  dur ing  the  l a s t   50  years  fro  r ecove r ing   alumina  and 

a l k a l i e s ,   i nc lud ing   exper iments   in  p i l o t   p lan t s   and  sometimes  on 

an  i n d u s t r i a l   s c a l e .  

The  r e s u l t s   have  always  been  n e g a t i v e   for  t e c h n i c a l   or  e c o n o m i c a l  

r ea sons .   The  known  p rocesses   of  the  art   are  as  f o l l o w s :  

-  a t t a c k i n g  w i t h   HNO3 +  HCl  ( I t a l i a n   pa ten t   536,793) ,   th is   be ing  .  

nega t ive   because  of  the  high  cost   of  the  acid  and  because  of  m a t e r i a l  

p r o b l e m s ;  

-  a t t a c k i n g   with  CaO  at  1000-1400°C  (French  pa ten t   5 2 7 , 0 6 6 ) ;  

-  a t t a c k i n g   with  hot  NaNO3  in  s o l u t i o n ,   under  p r e s s u r e ;  

-  a t t a c k i n g   with  Ca(OH)2  under  p r e s su re   in  order  to  recover   KOH 

(French  pa ten t   5 5 6 , 9 9 4 ) .  

The  most  r ecen t   p roposa ls   r e l a t e   to  p rocesses   involv ing   a t t ack   by 

H2S04,  HCl  or  a l k a l i .   However,  at  the  same  time  the  p a r a m e t a l l u r g i c a l  

p rocesses   are  making  p r o g r e s s ,   these  tending  to  recover   the  components  

of  an  a l k a l i n e   (or  a l k a l i n e   ea r th )   s i l i c o - a l u m i n o u s   c o n c e n t r a t e   i n  

metal  form  as  an  Al-Si   a l l o y ,   t o g e t h e r   with  the  a l k a l i n e   oxide  by 

v i r t u e   of  i ts   v o l a t i l i s a t i o n .   The  use  of  conven t iona l   e l e c t r i c  

furnaces   has  not  yet  given  promising  t e c h n i c a l   and  economical  r e s u l t s  

because  of  the  low  metal  r ecovery   and  high  energy  consumpt ion .  

It   has  s u r p r i s i n g l y   been  f o u n d  t h a t   the  a f o r e s a i d   d i f f i c u l t i e s   and 



drawbacks  can  be  obv ia t ed   using  the  process   accord ing   to  the  p r e s e n t  

i n v e n t i o n ,   by  which  the  metals  Al  and  Si  can  be  s i m u l t a n e o u s l y  

reduced  and  a l l o y e d   into  an  a l l oy   with  high  process   y i e l d s ,   b e c a u s e  

of  the  high  c o n t a c t   su r f ace   of  the  r e a c t i o n   p h a s e s .  

With  regard  to  the  chemical   r e a c t i o n s ,   the  c h e m i c a l - p h y s i c a l   e n e r g y  

n e c e s s a r y   to  break  the  fo rmat ion   bond  of  l e u c i t e   or  Al  and  Si  o x i d e s  

is  provided  both  by  d i r e c t   r e d u c t i o n   with  the  carbon  and  by  t h e  

energy  a s s o c i a t e d   with  the  Al-Si   s o l u t i o n   in  l i q u i d   phase,   which  

s u b t r a c t s   Si  and  Al  as  they  become  formed,  thus  lowering  the  a c t i v i t y  

of  the  r e a c t i o n   p r o d u c t s .  

The  a l k a l i n e   oxides  con ta ined   in  the  s i l i c o - a l u m i n o u s   c o n c e n t r a t e s  

are  r ecovered   s e p a r a t e l y .  

The  p resen t   i n v e n t i o n   r e l a t e s   to  a  process   for  producing  a  m e t a l  

a l l oy   from  the  metal   oxides  e i t h e r   in  i n d i v i d u a l   form  or  c h e m i c a l l y  

combined  with  each  o the r ,   by  reduc ing   the  oxides  by  means  of  a  

ca rbon-based   r educ ing   agent  in  the  presence   of  a  plasma  arc  b u r n e r  

in  a  shaf t   r e a c t o r   f i l l e d   with  reduc ing   m a t e r i a l   of  s u i t a b l e   s i z e ,  

and  is  c h a r a c t e r i s e d   in  tha t   the  i n d i v i d u a l   or  chemica l ly   combined 

oxides  are  oxides  e s s e n t i a l l y   of  aluminium  and  s i l i c o n ,   with  o x i d e s  

of  a l k a l i n e   and /or   a l k a l i n e   ear th   me ta l s ,   the  r e d u c t i o n   r e a c t i o n  

tak ing   place  at  a  t empera tu re   exceeding  2000°C,  the  product   o b t a i n e d  

being  an  a l l o y   of  aluminium  and  s i l i c o n .  

According  to  the  i n v e n t i o n ,   the  a l k a l i n e   and/or   a l k a l i n e   ea r th   m e t a l  

oxides  are  s e p a r a t e d   at  the  top  of  the  sha f t   r e a c t o r .  

The  inven t ion   is  d e s c r i b e d   in  g r e a t e r   d e t a i l   h e r e i n a f t e r   with  r e f e r e n c e  

to  the  accompanying  drawing,   which  r e p r e s e n t s   a  s e c t i o n a l   view  o f  

a  sha f t   or  r e a c t o r   which  can  be  used  in  accordance   with  the  p r e s e n t  



i n v e n t i o n .  

On  the  accompanying  drawing,   a  shaf t   r e a c t o r   1  is  f i l l e d   with  a  

reduc ing   agent  2,  p r e f e r a b l y   coke .  

A  b l a s t   furnace   charger   3  is  mounted  at  the  top  of  the  r e a c t o r   1 ,  

d i r e c t l y   above  the  r e a c t o r   i t s e l f ,   and  is  arranged  to  be  c o n t i n u o u s l y  

f i l l e d   with  coke  to  a  p rede te rmined   l eve l .   In  order   to  a u t o m a t i c a l l y  

ob ta in   th i s   p r ede t e rmined   leve l   in  the  mouth  4  of  the  b l a s t   f u r n a c e  

charger   3,  two  l eve l   i n d i c a t o r s   5,  6  are  i n s t a l l e d ,   to  i n t e r a c t  

with  f i l l i n g   members,  not  shown.  A  pipe  7,  connected  to  a  c o n d e n s e r  

8,  emerges  from  the  top  of  the  r e a c t o r   1.  

The  m a t e r i a l   to  be  t r e a t e d ,   c o n t a i n i n g   s i l i c o n   and  aluminium  o x i d e ,  

is  fed  through  the  i n l e t   9  e i t h e r   alone  or  in  combinat ion  with  t h e  

reduc ing   m a t e r i a l ,   which may  also  be  fed  through  10. 

There  is  a lso  a  plasma  arc  burner  11  with  a  feed  pipe  12,  and  on 

the  base  of  the  r e a c t o r   1  there   are  mounted  tapping  means  13  f o r  

the  s l ag ,   and  tapping  means  14  for  the  l iqu id   m e t a l .  

The  fo l lowing   occurs  during  o p e r a t i o n .   The  m a t e r i a l   to  be  t r e a t e d  

is  s u b j e c t e d   to  a i r   b l a s t i n g   in  the  r e a c t i o n   zone  of  the  r e a c t o r   1 ,  

where  t o g e t h e r   with  the  reduc ing   agent  it  becomes  r a p i d l y   h e a t e d  

and  r e a c t s   to  form  the  l i q u i d   and  gaseous  r e d u c t i o n   p roduc t s .   The 

l iqu id   products   c o n s i s t   of  an  Al  +  Si  a l loy ,   and  slag  d e r i v i n g   f rom 

s l agg ing   agents  e i t h e r   added  s e p a r a t e l y   during  the  o p e r a t i o n   o r  

mixed  with  the  m a t e r i a l   c o n t a i n i n g   the  metal  oxides ,   a  c e r t a i n  

q u a n t i t y   of  ash  o r i g i n a t i n g   from  the  reducing  agent  also  b e i n g  

produced.   The  gaseous  product   c o n s i s t s   of  unreacted  a l k a l i n e  

oxides  and  r e d u c t i o n   gas,  of  which  the  composi t ion  depends  on  t h e  

reducing   agent  u s e d .  



The  l i q u i d   r e d u c t i o n   products   are  c o l l e c t e d   on  the  base  of  the  s h a f t  

and  can  be  d i s cha rged   through  the  tapping  holes  13,  14,  whereas  

the  gaseous  p r o d u c t s ,   e s s e n t i a l l y   a l k a l i n e   ox ides ,   r i s e   upwards  t h r o u g h  

the  s h a f t   and  are  e x t r a c t e d   through  the  pipe  7 .  

The  coke  in  the  sha f t   forms  a  permeable  l aye r ,   through  which  t h e  

r e a c t i o n   p roduc t s   pass  r e s p e c t i v e l y   towards  the  base  and  t owards  

the  top  of  the  s h a f t ,   and  in  th i s   r e s p e c t   the  coke  has  the  f o l l o w i n g  

p u r p o s e s :  

a)  to  form  a  l a rge   r e a c t i o n   su r face   for  the  c o n t a c t   of  a l l   t h e  

r e a c t i o n   p h a s e s ;  

b)  to  hold  back  a l l   the  f ine  g ra in   m a t e r i a l   which  passes   t h r o u g h  

th i s   l a y e r ;  

c)  if   n e c e s s a r y ,   to  act  as  a  reducing   agent  and  thus  ensure  t h a t  

the  r e d u c t i o n   c o n d i t i o n s   e x i s t   from  one  end  to  the  o ther   of  the  s h a f t ;  

d)  to  p reven t   the  evolved  oxide  vapours  from  becoming  condensed ,  

th i s   being  a t t a i n e d   by  v i r t u e   of  the  fac t   that   the  top  of  t h e  

s h a f t   and  the  top  of  the  b l a s t   furnace  are  p r o t e c t e d   by  coke .  

To  ensure  that   the  c o n d i t i o n   of  point   (d)  is  s a t i s f i e d ,   coke  i s  

fed  in to   the  r e a c t o r   by  way  of  l eve l   r e g u l a t o r s   5,  6.  F u r t h e r m o r e ,  

as  s t a t e d   h e r e t o f o r e ,   the  e n t i r e   coke  layer   is  ma in t a ined   at  a  

t e m p e r a t u r e   of  about  10000C  or  h i g h e r .  

In  a d d i t i o n ,   it  is  p r e f e r a b l e   to  use  a   gaseous  or  l i q u i d   h y d r o c a r b o n  

or  a  so l i d   coal  as  the  reducing  a g e n t .  

The  r e a c t i o n   gas  which  leaves  the  shaf t   is  made  to  pass  t h r o u g h  

the  condenser   8,  in  which  i t   is  s e p a r a t e d ,   and  the  metal   o x i d e s  

con ta ined   in  i t   are  condensed  and  d i scharged   from  15 .  

The  remaining  gas,  c o n s i s t i n g   mainly  of  carbon  monoxide  and  gaseous  



hydrogen,   leaves  the  condenser   at  16  and  can  be  used  for  v a r i o u s  

p u r p o s e s .  

The  process   according   to  the  i n v e n t i o n   is  f u r t h e r   i l l u s t r a t e d  

with  r e f e r e n c e   to  the  fo l lowing   example,  which  i s , g i v e n   by  way  o f  

n o n - l i m i t i n g   example  o n l y .  

EXAMPLE 

The  m a t e r i a l   c o n t a i n i n g   a  l e u c i t e   c o n c e n t r a t e   had  the  f o l l o w i n g  

compos i t ion :   ( in  terms  of  i t s   main  e l e m e n t s )  

20-23%  A1203 

50-53%  SiO2 

20-21%  K20 

max.  0.80%  as  Fe 

remainder:   oxides  of  var ious   m e t a l s  

The  fo l lowing   consumption  of  r educ ing   agent ,   s l agg ing   agents  and 

e l e c t r i c i t y   was  determined  per  ton  of  t r e a t e d   m a t e r i a l :  

-  r educ ing   agent  100  kg  of  dr ied   coke 

300  kg  of  pi t   c o a l  

-  e l e c t r i c i t y   4  kWh 

The  fo l lowing   products   were  ob ta ined   per  ton  of  s t a r t i n g   m a t e r i a l :  

-  300  kg  of  a l loy   c o n t a i n i n g   30-35%  Al  and  65-70%  S i  

-  190  kg  of  potassium  o x i d e .  



1.  A  process   for  producing  a  metal  a l l oy   from  the  metal  o x i d e s  

e i t h e r   in  i n d i v i d u a l   form  or  chemica l ly   combined  with  each  o t h e r ,  

by  r educ ing   the  oxides  by  means  of  a  ca rbon-based   reducing   a g e n t  

in  the  p resence   of  a  plasma  arc  burner   in  a  sha f t   r e a c t o r   f i l l e d  

with  r educ ing   m a t e r i a l   of  s u i t a b l e   s i z e ,   c h a r a c t e r i s e d   in  tha t   t h e  

i n d i v i d u a l   or  chemica l ly   combined  oxides  are  oxides  e s s e n t i a l l y  

of  aluminium  and  s i l i c o n   with  oxides  of  a l k a l i n e   and/or   a l k a l i n e  

ea r th   me ta l s ,   the  r e d u c t i o n   r e a c t i o n   t ak ing   p lace   at  a  t e m p e r a t u r e  

exceeding  2000°C,  the  product   ob ta ined   being  an  a l l oy   of  a luminium 

and  s i l i c o n .  

2.  A  process   as  c l a imed  in  c la im  1,  wherein  the  a l k a l i n e   a n d / o r  

a l k a l i n e   ea r th   metal  oxides  are  s e p a r a t e d   at  the  top  of  the  s h a f t  

r e a c t o r .  






	bibliography
	description
	claims
	drawings
	search report

