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A  method  for  manufacturing  and  refining  crude  lead  from 
arsenic-containing  lead  raw-materials  of  a  metallic,  oxidic, 
sulphatic  or  sulphidic  nature.  In  the  manufacture  of  said  crude 
lead,  the  lead  raw-material  is  melted  in  a  furnace  in  which 
strong  turbulence  can  be  created  in  the  contents  thereof,  in 
the  presence  of  a  slag  former,  whereafter  the  slag  is  tapped- 
off.  The  furnace  used  is  preferably  a  top  blown  rotary  conver- 
ter  or  a  furnace  of  the  Kaldo-type.  The  invention  is  characteri- 
zed  in  that  iron  in  metallic  finely-divided  form,  such  as  iron 
filings,  iron  powder  or  finely-divided  pieces  of  iron,  is  charged 
to  the  crude-lead  melt  whilst  creating  strong  turbulence  the- 
rein,  or  said  iron  is  caused  to  be  formed  in  situ,  preferably  by 
adding  silicon,  silicides,  carbon,  carbides  or  ferro-alloys  con- 
taining  carbon  and  silicon,  wherewith  arsenic  and  any  anti- 
mony  present  form  an  iron  speiss  which  is  separated  from  the 
crude-lead  melt  in  liquid  form  in  direct  conjunction  with  a 
gravitational  separation  of  speiss  and  crude  lead.  Any  copper 
present  in  the  melt  can  be  segregated  therefrom  as  metallic 
copper  or  a  copper  speiss,  by  cooling  the  crude-lead  melt. 



A l t h o u g h   m e t a l l i c   l e a d   i s   n o r m a l l y   p r o d u c e d   f r o m   s u l p h i d i c  

l e a d   r a w - m a t e r i a l s ,   s u c h   as  c o n c e n t r a t e s ,   i t   i s   a l s o   p r o d u c e d  

f rom  m e t a l l i c ,   o x i d i c   and  s u l p h a t i c   l e a d   r a w - m a t e r i a l s ,   s u c h  

as  d u s t ,   a s h e s   a n d   s l a g s .   The  most   common  f u r n a c e   f o r   s m e l t i n g  

and  r e d u c i n g   l e a d   i s   t h e   s h a f t   f u r n a c e ,   w h i c h   i s   c h a r g e d  

w i t h   l e a d   r a w - m a t e r i a l s  w h i c h   may  have   b e e n   p r e - s i n t e r e d   o r  

r o a s t e d   to   o x i d i z e   t h e   s u l p h i d i c   s u l p h u r   w i t h   a t m o s p h e r i c  

o x y g e n   to   a  c o n t e n t   of  l e s s   t h a n   2%  s u l p h i d i c   s u l p h u r .   T h i s  

s m e l t i n g   and   r e d u c t i o n   of  l e a d   r a w - m a t e r i a l   can   a l s o   b e  

e f f e c t e d   t o   a d v a n t a g e   in   a  r o t a r y ,   i n c l i n e d   f u r n a c e ,   s u c h   a s  

a  f u r n a c e   of  t h e   K a l d o - t y p e   as  d e s c r i b e d   in   S w e d i s h   P a t e n t  

s p e c i f i c a t i o n s   7 3 1 7 2 1 7 - 3   and  7 3 1 7 2 1 9 - 9 ,   w h i c h   i l l u s t r a t e  

p r o c e s s e s   f o r   p r o d u c i n g   c r u d e   l e a d   f rom  s u l p h i d i c   and  f r o m  

o x i d i c   and   s u l p h a t i c   l e a d   r a w  m a t e r i a l s .   By  c r u d e   l e a d   i s  

m e a n t   h e r e ,  g e n e r a l l y , a   l e a d   p r o d u c t   w h i c h   mus t   be  s u b j e c t e d  

to   f u r t h e r   p u r i f y i n g   or  r e f i n i n g   s t a g e s ,  i n   o r d e r   to   be  r e t a i l e d  

as  a  n o r m a l   m a r k e t   p r o d u c t .  

When  p r o d u c i n g   c r u d e   l e a d   f rom  d i f f e r e n t   raw  m a t e r i a l s   t h e  

l e a d   w i l l   t h u s   p r a c t i c a l l y   a l w a y s   c o n t a i n   i m p u r i t i e s   u n d e s i r -  

a b l e   in   t h e   f i n i s h e d   l e a d .   E x a m p l e s   of  s u c h   i m p u r i t i e s   i n -  

c l u d e   c o p p e r ,   a r s e n i c   and  a n t i m o n y .  T h e   c r u d e   l e a d   w i l l   n o r -  

m a l l y   a l s o   c o n t a i n   g o l d   and  s i l v e r .  

T h u s ,   i r r e s p e c t i v e   o f   t h e   m e t h o d   by  w h i c h   i t   i s   p r o d u c e d ,  

c r u d e   l e a d   m u s t   a l w a y s   be  r e f i n e d   in   o r d e r   t o   o b t a i n  

a  s u f f i c i e n t l y   p u r e   l e a d ,   c o m m e r c i a l l y   known  as  a  

s o - c a l l e d   r e f i n e d   l e a d .   N o r m a l l y ,   t h e   l e a d   i s   r e f i n e d  

in   v a r i o u s   c h a m b e r s   o r   p o t s   s p e c i f i c a l l y   d e s i g n e d   f o r  

s u c h   r e f i n i n g   w o r k .   The  c o p p e r ,   and  a b o v e   a l l   t h e   a r s e n i c ,  

p r e s e n t   i n   t h e   c r u d e   l e a d  c r e a t e   a  p a r t i c u l a r   p r o b l e m  

when  r e f i n i n g   s a i d   l e a d ,   s i n c e   t h e s e   i m p u r i t i e s   m a y  



r e a c h   to   15%  o r ,   in   c e r t a i n   c a s e s , e v e n   h i g h e r ,   w h i c h   g i v e  

v e r y   l a r g e   q u a n t i t i e s   of  more  or  l e s s   s o l i d   p o w d e r o u s ,   p r o -  

d u c t s ,   n o r m a l l y   c a l l e d   d r o s s ,   on  t h e   s u r f a c e   of  t h e   m e t a l  

b a t h ,   t h e r e b y   r e n d e r i n g   h a n d l i n g   d i f f i c u l t .   F u r t h e r ,   t h e  

a r s e n i c   r e p r e s e n t s   a  d i r e c t   t h r e a t   to   t h e   e n v i r o n m e n t ,  

s i n c e   a  s i g n i f i c a n t   a m o u n t   t h e r e o f   i s   f u m e d - o f f   f rom  t h e  

p o t s   or  c h a m b e r s   d u r i n g   t h e   r e f i n i n g   p r o c e s s .   T h u s ,   i t   i s  

h i g h l y   d e s i r a b l e   to   r e m o v e   a r s e n i c   and  c o p p e r   f rom  t h e  

c r u d e   l e a d   to   t h e   g r e a t e s t   e x t e n t   p o s s i b l e  ,   b e f o r e   t h e   l e a d  

p a s s e s   to   t h e   f i n a l   r e f i n i n g   s t a g e , t o   be  f o r m e d   i n t o   a  

c o m m e r c i a l   l e a d   p r o d u c t .   C r u d e   l e a d   f rom  s h a f t   f u r n a c e s ,  

w h i c h   a r e   t a p p e d   a t   a b o u t   1 0 0 0 - 1 1 0 0  C , c a n   c o n t a i n   t h e   a f o r e -  

m e n t i o n e d   i m p u r i t i e s  ,   p r e s e n t   in  t h e   l e a d   r a w - m a t e r i a l ,  

in   q u a n t i t i e s   w h i c h ,  i n   t h e   c a s e   of  c o p p e r ,   c o r r e s p o n d   to   t h e  

s o l u b i l i t y   l i m i t   in   l e a d  ,   w h i c h   i s   a b o u t   10%  a t   1 1 0 0 ° C  ,  

and  in   r e s p e c t   of  a r s e n i c   c o r r e s p o n d   to   t h e   a m o u n t   of  a r -  

s e n i c   p r e s e n t   in   t h e   l e a d   r a w - m a t e r i a l   w i t h   t h e   e x c e p t i o n  

of  t h a t   w h i c h  i s   f u m e d - o f f   d u r i n g   t h e   s m e l t i n g   p r o c e s s .   A t  

t h e   t e m p e r a t u r e s   in   q u e s t i o n , a r s e n i c   i s   s o l u b l e   in   l e a d  

to   an  u n l i m i t e d   d e g r e e .  

For   t h e   p u r p o s e   of  a v o i d i n g   t h e   a f o r e m e n t i o n e d   p r o b l e m ,  

a  m e t h o d   h a s   b e e n   p r o p o s e d   in   S w e d i s h   P a t e n t   s p e c i f i c a t i o h  

n u m b e r   7 3 1 7 2 1 8 - 1   in   w h i c h   c r u d e   l e a d   i s   r e c o v e r e d   by  s m e l t i n g  

and  r e d u c i n g   o x i d i c   a n d / o r   s u l p h a t i c   p r o d u c t s   in   a  r o t a t a b l e  

c o n v e r t e r ,   in   w h i c h   t h e   m a j o r   p a r t   of  t h e   t i n ,   a r s e n i c   a n d  

a n t i m o n y   c o n t e n t   of  t h e   c r u d e   l e a d   i s   r e m o v e d   f r o m   t h e   m e l t  

in   t h e   a c t u a l   m e l t   u n i t ,   i . e .   t h e   c o n v e r t e r ,   by  i n j e c t i n g  

o x y g e n - g a s   or  a i r   e n r i c h e d   w i t h   o x y g e n - g a s   on  t o   t h e   s u r -  

f a c e   of  t h e   b a t h  i n   t h e   c o n v e r t e r   w h i l s t   r o t a t i n g   t h e   s a m e ,  
t h e   a r s e n i c ,   a n t i m o n y   and  t i n   b e i n g   o x i d i z e d   and  f o r m i n g  

a  d r o s s   w h i c h   can   be  r e m o v e d   f rom  t h e   s u r f a c e   of  t h e  s m e l t .  

S i n c e   in   t h i s   m e t h o d   t h e   t i n   i s   o x i d i z e d   f i r s t   and  t h e n   t h e  

a r s e n i c   and   a n t i m o n y ,   i t   i s   p o s s i b l e   to   s e l e c t i v e l y   r e c o v e r  

t i n   in   t h e   f o r m   of  t i n   o x i d e ,   w h i c h   i s   a  v a l u a b l e   p r o d u c t ,  



w h e r e a f t e r   a r s e n i c   and  a n t i m o n y   can   be  r e c o v e r e d   in  t h e  

fo rm  of  As2O3  and  Sb203   and  r e m o v e d   f rom  t h e   s m e l t   i n d i -  

v i d u a l l y .  

One  d i s a d v a n t a g e   w i t h   t h e   a f o r e d e s c r i b e d   m e t h o d  ,   h o w e v e r ,  

i s   t h a t   t h e   o x i d a t i o n   of  a r s e n i c ,   a n t i m o n y   and  t i n   i s   h i g h l y  

e x o t h e r m i c ,   l e a d i n g   to  s i g n i f i c a n t   i n c r e a s e s   in  t h e   t e m p e -  

r a t u r e   of  t h e   m e l t ,   w h i c h   in  t u r n   r e s u l t s   in  an  i m p a i r e d  

s e l e c t i v i t y ,   s i n c e   i t   i s   i m p o s s i b l e   t o  m a i n t a i n   t h e   t e m p e -  

r a t u r e s   o p t i m a l   f o r   f o r m i n g   d r o s s .   F u r t h e r ,   t h i s   l e a d s   t o  

l o n g e r   r e f i n i n g   t i m e s  a n d   t h u s   a  r e d u c t i o n   in  t h e   c a p a c i t y  

of  a  g i v e n   p l a n t .   F u r t h e r ,   t h e   s a i d   m e t h o d   does   n o t   s o l v e  

t h e   p r o b l e m   of  t h e   c o p p e r   w h i c h   i s   d i s s o l v e d   in  t h e   l e a d  

a t   t h e   t e m p e r a t u r e s   in  q u e s t i o n ,   a b o u t   1 0 0 0 ° C .   R e f i n i n g   o f  

c r u d e   l e a d   f rom  s h a f t   f u r n a c e s   i s  ,   as  w i t h   t h e   a f o r e d e -  

s c r i b e d   p r o c e s s ,   v e r y   t i m e   c o n s u m i n g  ,   s i n c e   d i f f e r e n t   r e -  

f i n i n g   s t a g e s   m u s t   be  i n c o r p o r a t e d   a t   w h i c h   work  i s   c a r r i e d  

ou t   a t   d i f f e r e n t   t e m p e r a t u r e s   and  a t   d i f f e r e n t   r e d o x   p o t e n -  

t i a l s .   T h u s ,   c o n s i d e r a b l e   t i m e   i s   t a k e n   up  in  t h e   c o o l i n g  

of  t h e   c r u d e - l e a d   s m e l t  ,   f rom  t h e   t e m p e r a t u r e   o b t a i n e d  

a f t e r   t h e   m e l t i n g   p r o c e s s   to   a  t e m p e r a t u r e   s u i t a b l e   f o r  

a  s u b s e q u e n t   r e f i n i n g   s t a g e   o p e r a t i n g   a t   a  c o n s i d e r a b l y  

l o w e r   t e m p e r a t u r e ,   f o r   e x a m p l e  t h e   c o p p e r   s e g r e g a t i o n   s t a g e .  

Wi th   r e s p e c t   to   t h e   v a r i o u s   known  r e f i n i n g   m e t h o d s   a n d  

r e f i n i n g   s t a g e s   f o r   c r u d e   l e a d ,   r e f e r e n c e   i s   made  to   U l l m a n s  

" E n c y k l o p ä d i e   de r   t e c h n i s c h e n   C h e m i e "   4 th   E d i t i o n ,   v o l u m e  

8,  page   561  and  f o l l o w i n g ,   w h e r e   an  e x h a u s t i v e   a c c o u n t   o f  

t h e   s t a n d p o i n t   of  t e c h n i q u e s   i s   g i v e n .   R e d u c t i o n   p r o c e s s e s  

in  s h a f t   f u r n a c e s   a r e   d e s c r i b e d   in   W i n n a c k e r - K ü c h l e r ,  

C h e m i s c h e   T e c h n o l o g i e ,   Volume  6,  p a g e s   2 8 5 - 2 8 8 ,   M u n i c h  

( 1 9 7 3 )  ,   in   w h i c h   t h e   f o r m a t i o n   of  d i f f e r e n t   s l a g s ,   c o p -  

per   m a t t e   and  s p e i s s e s   i s   d e s c r i b e d ,   t o g e t h e r   u i t h   a n a l y s e s .  

In  t he   J a p a n e s e   P a t e n t   s p e c i f i c a t i o n   Number  1 9 7 4 - 2 8 5 2 0   t h e r e  

i s   d e s c r i b e d   a  m e t h o d   f o r   r e m o v i n g   a r s e n i c   f rom  m o l t e n   l e a d ,  



in  w h i c h   i r o n   in   t h e   fo rm  of  i r o n   p o w d e r ,   s p o n g e   i r o n   o r  

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

l o w e r i n g   t h e   a r s e n i c   c o n t e n t ,   more  t h a n   1%  i r o n   i s   c h a r g e d  

a t   a  t e m p e r a t u r e   a b o v e  4 5 0 ° C ,   w h e r e a f t e r   t h e   l e a d   m e l t   i s  

s t i r r e d   m e c h a n i c a l l y  .   A c c o r d i n g   to   t h e   J a p a n e s e   P a t e n t  

s p e c i f i c a t i o n  ,   t r e a t m e n t   i s   c a r r i e d   o u t   in  a  c r u c i b l e  

a t   t e m p e r a t u r e s   a b o v e   450°C  and  up  to  8 0 0 ° C  ,   w h e r e i n   a  

f i n e l y - d i v i d e d   s o l i d   s p e i s s ,   f o r   e x a m p l e   in  p o w d e r   f o r m  

or  in   t h e   f o r m   of  c o a r s e   g r a i n s  ,   i s   r e m o v e d   f rom  t h e   m e l t .  

w i t h   t h i s   m e t h o d   i t   i s   h a r d l y   p o s s i b l e   to   work  a t   h i g h e r  

t e m p e r a t u r e s  ,   s i n c e   t h e   s p e i s s   i s   s t i c k y   a t   t e m p e r a t u r e s  

of  a b o u t   8 0 0 ° C   and  t h e r e f o r e   r e a d i l y   f a s t e n s   to   t h e   w a l l s  

of  t h e   f u r n a c e   and  c r u c i b l e .   C o n s e q u e n t l y ,   in   t h e   m e t h o d  

of  t h e   J a p a n e s e   P a t e n t   s p e c i f i c a t i o n   a  t e m p e r a t u r e   of  a b o u t  
600°C  h a s   o b v i o u s l y   been   p r e f e r r e d .   The  p u r i f y i n g   e f f e c t  

i s   c o n s i d e r a b l y   l o w e r   a t   t e m p e r a t u r e s   of  a b o u t   600°C  t h a n  

a t   s o m e w h a t   h i g h e r   t e m p e r a t u r e s  ,   and  t h u s  a   m e t h o d   a c c o r d -  

i n g   to   t h e   J a p a n e s e   P a t e n t   s p e c i f i c a t i o n   d o e s   n o t   r e s u l t  

in   o p t i m a l   p u r i f i c a t i o n ,  o w i n g   to   p r o b l e m s   of  a  p r o c e s s   t e c h -  

n i q u e   n a t u r e .   In  a d d i t i o n ,   i t   w i l l   be  o b v i o u s   to   one  o f  

s k i l l   in   t h i s   a r t   t h a t   t h e   s e p a r a t i o n   of  s u c h   a  f i n e l y -  

d i v i d e d   s o l i d   p h a s e   f rom  a  l e a d   m e l t   w o u l d   r e s u l t   in   h i g h  

l o s s e s   of   l e a d ,  w h i c h   i s   e n t r a i n e d   m e c h a n i c a l l y   w i t h   s a i d  

p h a s e .   as   a  r e s u l t   of  t h e   l e a d ' s   a d h e r e n c e   a n d  w e t t i n g   o f  

t h e   s o l i d   s p e i s s   p a r t i c l e s .  

The  p r e s e n t   i n v e n t i o n   s u b s t a n t i a l l y   e l i m i n a t e s   t h e   a f o r e d e s c r i b e d  

p r o b l e m s .   M o r e o v e r ,   t h e   m e t h o d   a c c o r d i n g   to   t h e   i n v e n t i o n  

e n a b l e s   e x t r e m e l y   r a p i d   r e a c t i o n   s e q u e n c e s   to   be  o b t a i n e d  

w h i l s t   r e q u i r i n g   a  r e l a t i v e l y   low  e n e r g y   i n p u t ,   w h i c h   a r e  

i m p o r t a n t   and  d e c i s i v e   f a c t o r s   in   r e s p e c t   o f  t h e   e c o n o m y  
of  t h e   p r o c e s s .  

T h u s ,   in   a c c o r d a n c e   w i t h   t h e   m e t h o d ,  t h e   m a n u f a c t u r e   a n d  

r e f i n i n g   of  c r u d e   l e a d   w i t h   r e s p e c t   to   c o p p e r   and  a r s e n i c  



can  be  e f f e c t e d   in   one  and  t h e   same  f u r n a c e .   The  l e a d   r a w -  

m a t e r i a l   m a y  b e   of  t h e   m e t a l l i c ,   s u l p h i d i c ,   o x i d i c   o r  

s u l p h a t i c   t y p e ,   and  may  c o m p r i s e ,   f o r   e x a m p l e , v a r i o u s   d u s t -  

p r o d u c t s   and  p o w d e r o u s - p r o d u c t s   o b t a i n e d   f rom  n o n - f e r r o u s  

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

i ng   to  t h e   i n v e n t i o n , t h e   l e a d   r a w - m a t e r i a l   i s   m e l t e d   i n  

a  f u r n a c e  ,   in   w h i c h   t u r b u l e n c e   of  t h e   c o n t e n t   can   be  c r e a t e d ,  

in  t h e   p r e s e n c e   o f  a   s l a g   f o r m e r ,   w h e r e a f t e r   t h e   s l a g   i s  

d r a w n - o f f ,   s a i d   m e t h o d   b e i n g   c h a r a c t e r i z e d   by  t h e   f a c t   t h a t  

s u b s e q u e n t   to   d r a w i n g - o f f   t h e   s l a g  ,   t h e r e   i s   c h a r g e d   t o  

t h e   f u r n a c e   a t   a  t e m p e r a t u r e   of  8 5 0 - 1 2 0 0 ° C   u n d e r   s t r o n g  

a g i t a t i o n ,  i r o n   in   a  m e t a l l i c  ,   f i n e l y - d i v i d e d   f o r m ,   or  i r o n  

i s   c a u s e d   t o  b e   f o r m e d   in  s i t u ,   w h e r e a f t e r   t h e   i n s o l u b l e  

l i q u i d   i r o n   s p e i s s   f o r m e d   in   t h e   l e a d   m e l t   i s . s e p a r a t e d  

t h e r e f r o m   in   i m m e d i a t e   c o n j u n c t i o n   w i t h   a  g r a v i t a t i o n a l   s e -  

p a r a t i o n   of  s p e i s s   and  c r u d e   l e a d .   By  i r o n   in  a  f i n e l y -  

d i v i d e d   fo rm  i s   m e a n t   m e t a l l i c   i r o n   in   a  fo rm  s u c h   as  to  p r e -  
s e n t   a  r e l a t i v e l y   h i g h   s p e c i f i c   s u r f a c e   a r e a   to   t h e   l e a d  

m e l t   and  s u c h   t h a t   t h e   i r o n   can  be  c h a r g e d   to  t h e   l e a d   m e l t  

in  a  s i m p l e   m a n n e r .  

When  p r a c t i c i n g   t h e   m e t h o d   a c c o r d i n g   to   t h e   i n v e n t i o n ,   t h e  

l e a d   r a w - m a t e r i a l   i s   c h a r g e d   to   t h e   f u r n a c e   p r i o r   to   or  . 
d u r i n g   t h e   s m e l t i n g   p r o c e s s , t o g e t h e r   u i t h   a  s l a g   f o r m e r .  

D u r i n g   t h e   s m e l t i n g   p r o c e s s ,   t h e   c r u d e   l e a d   i s   r e d u c e d   c h e -  

m i c a l l y   in  a  known  m a n n e r   and  t h e   r e s u l t a n t   l e a d - c o n t a i n i n g  

s l a g   i s   c h e m i c a l l y   r e d u c e d  ,   s u i t a b l y   w i t h   coke   f o r   e x a m p l e ,  

u n t i l   t h e   l e a d   c o n t e n t   of  t h e   s l a g   i s   s u f f i c i e n t l y   l o u  ,  

f o r   e x a m p l e   l e s s   t h a n   2%.  The  s l a g  ,   p u r i f i e d   f rom  l e a d ,  

i s   t h e n   t a p p e d   o f f .   In  o r d e r   to  f i l l  t h e   f u r n a c e   to   t h e  

e x t e n t   d e s i r e d ,   f u r t h e r   l e a d   r a w - m a t e r i a l   can  t h e n   be  c h a r g e d  

to  t h e   f u r n a c e   and  t h e   s l a g   r e d u c e d   to   a  l e a d   c o n t e n t   o f  

l e s s   t h a n   2%  and  t h e   s l a g   t a p p e d - o f f , i n   a  r e p e a t e d   n u m b e r  

of  o p e r a t i o n s .   M e t a l l i c   i r o n   i s   t h e n   c h a r g e d   to   t h e   f u r n a c e ,  



p r e f e r a b l y   in   t h e   f o r m   of  i r o n   f i l i n g s ,   f o r   e x a m p l e   s u c h  

f i l i n g s   as  t h o s e   o b t a i n e d   when  t u r n i n g   and  d r i l l i n g ,   o r  

in  t he   form  of   a  p o w d e r   or  f i n e l y - d i v i d e d   p i e c e s ,   s u c h   a s  

i r o n   c l i p p i n g s ,   o b t a i n e d   when  c l i p p i n g   s c r a p   f o r   e x a m p l e ,  

t h e r e   b e i n g   f o r m e d   a  s p e i s s   w h i c h   c o n t a i n s   m a i n l y   i r o n  

and  a r s e n i c .   A  " s p e i s s "   i s   a  c o m p o u n d   of  a r s e n i c   a n d / o r  

a n t i m o n y   w i t h   i r o n   m e t a l s   a n d / o r   c o p p e r ,   i . e .   a  " s p e i s s "  

may  c o m p r i s e   a r s e n i d e s   a n d / o r   a n t i m o n i d e s   of  o n e  o r   m o r e  

of  t he   m e t a l s   c o p p e r , i r o n ,   n i c k e l   and  c o b a l t .   Fo rmed   i r o n -  

a r s e n i c - s p e i s s   i s   p r a c t i c a l l y   i n s o l u b l e   in  a  l e a d   m e l t ,  

and  h e n c e   i t   r e a d i l y   s e p a r a t e s  ,   f l o a t s   to   t h e   s u r f a c e   a n d  

l i e s   a b o v e   t h e   l e a d   m e l t   and  can  be  p o u r e d   t h e r e f r o m  

in  a  l i q u i d   s t a t e   a t   a  t e m p e r a t u r e   of  8 0 0 - 1 1 5 0  C .   A  t e m p e -  

r a t u r e   r a n g e   of  9 5 0 - 1 0 0 0 ° C   i s   p r e f e r r e d , d u e   to  t h e   v i s c o -  

s i t y   of  t h e   s p e i s s ,   w h i c h   e n a b l e s   r a p i d   s e p a r a t i o n   a n d  

t a p p i n g .   In  many  c a s e s   t h e   i r o n   c h a r g e d   to   t h e   f u r n a c e  

may  c o n v e n i e n t l y   c o m p r i s e   an  i r o n   a l l o y   c o n t a i n i n g   m o r e  

t h a n   a b o u t   60%  i r o n .  

Any  c o p p e r   i m p u r i t i e s   p r e s e n t   a r e   t h e n   s u i t a b l y   s e g r e g a t e d  

or  f r o z e n   o u t   f rom  t h e   l e a d   m e l t   w h i l s t   a g i t a t i n g   t h e   s a m e  

in  s a i d   f u r n a c e ; b y   a d d i n g   a  c o o l a n t   to   t h e   m e l t , t o   c o o l  

t h e   same  s u i t a b l y   to   a  t e m p e r a t u r e   of  b e t w e e n   400  a n d  

600°C ,   w h e r e a f t e r   c r u d e   l e a d   i s   t a p p e d   o f f  ,   s a i d   l e a d  

b e i n g   f r e e   f rom  c o p p e r   and  a r s e n i c .   The  c o o l a n t   may  c o n -  

v e n i e n t l y   h a v e   t h e   f o r m   of  an  o x i d i c   or  s u l p h a t i c   l e a d  

r a w - m a t e r i a l   or  a  c r u s h e d   i r o n - s i l i c a t e   s l a g .   A  r a p i d   a n d  

e f f e c t i v e   c o o l i n g   e f f e c t   i s   o b t a i n e d   when  t h e   c o o l a n t   i s  

w a t e r ,   w h i c h   i s   i n j e c t e d   d i r e c t l y   i n t o   t h e   f u r n a c e   in   a  

l i q u i d  ,   f i n e l y - d i v i d e d   f o r m .   In  c e r t a i n   c a s e s  ,   i t   may  
a l s o   be  s u i t a b l e   f o r   t h e   c o o l a n t   to  c o m p r i s e   a  s l a g   f o r -  

mer  i n t e n d e d   f o r   a  s u b s e q u e n t   s m e l t i n g   o p e r a t i o n .  I n   r e s p e c t  

of  m i n o r   q u a n t i t i e s   of  c o p p e r  ,   i t   i s   p o s s i b l e   to   l e a v e  

t he   c o p p e r - s e g r e g a t i o n   s t e p   u n t i l   s e v e r a l   c h a r g e s   of  l e a d  

r a w - m a t e r i a l s   h a v e   b e e n   s m e l t e d   and  t r e a t e d   w i t h   i r o n .  



C o p p e r   can   a l s o   be  r e m o v e d   f rom  t h e   c r u d e - l e a d   m e l t   as  a  

c o p p e r   s p e i s s .   A  c o p p e r   s p e i s s   i s   f o r m e d   when  t h e   t e m p e r a t u r e ·  

i s   l o w e r e d   to   l e s s   t h a n   1 1 0 0 ° C .   In  o r d e r   to   o b t a i n   a  c o p p e r  

s p e i s s   a t   a l l ,   t h e   mole   r a t i o   b e t w e e n   c o p p e r   and  f r e e   a r s e -  

n i c   mus t   be  b e t w e e n   1 . 1 7   and  4 . 4 3 .   When  t h i s   mole   r a t i o  

i s  l o u e r   t h a n   1 . 1 7  ,   i r o n   i s   s u i t a b l y   a d d e d   to   f o rm  a n  

i r o n   s p e i s s   in   o r d e r   to  r a i s e   t h e   mole   r a t i o , t o   e n a b l e  

s e g r e g a t i o n   o f   a  c o p p e r   s p e i s s   when  c o o l i n g .   F u r t h e r   a r s e n i c  

can  t h e n   be  r e m o v e d , b y   c h a r g i n g   more  i r o n   to   t h e   f u r n a c e .  

When  t h e   m e l t   a l s o   c o n t a i n s   r e c o v e r a b l e   q u a n t i t i e s   of  t i n ,  

i r o n   i s   s u i t a b l y   c h a r g e d   in  an  a m o u n t   w h i c h   w i l l   e n s u r e  
t h a t   s u f f i c i e n t   a r s e n i c   r e m a i n s   in  t h e   m e l t   to   fo rm  c o p p e r  

s p e i s s ,   f o r   e x a m p l e   Cu3As .   In  t h i s   way  t h e   r i s k   of  f o r m i n g  

s u c h   c o p p e r - t i n - c o m p o u n d s   a s ,   f o r   e x a m p l e ,   Cu3Sn  a r e   a v o i d e d ,  

i t   b e i n g   d i f f i c u l t   to   r e c o v e r   t i n   f rom  s u c h   c o m p o u n d s .   I n -  

s t e a d ,   by  m e a n s   of  t h i s   p r e f e r r e d   m e t h o d   t h e   t i n   c o n t e n t  

w i l l   e x i s t   in   a  m e t a l l i c   s o l u t i o n   in   t h e   l e a d   m e l t ,   w h i c h  

can  be  r e t a i l e d   in   t h e   fo rm  of  t i n - c o n t a i n i n g   l e a d  ,   w h i c h  

can  d e m a n d   a  h i g h e r   p r i c e   on  t h e   m a r k e t .   A l t h o u g h   t h e   v a r i -  

ous  c o o l i n g   m e t h o d s   can  be  a p p l i e d   i n d i v i d u a l l y  ,   c o m b i n a -  

t i o n s   of  two  or  more  c o o l i n g   m e t h o d s   can   be  a l s o   a p p l i e d  

to  a d v a n t a g e   when  i m p o r t a n c e   i s   p l a c e d   on  s h o r t   t r e a t m e n t  

t i m e s   in   t h e   f u r n a c e .  

In  a d d i t i o n   to   c h a r g i n g   to  t h e   f u r n a c e   t h e   q u a n t i t i e s   o f  

m e t a l l i c   i r o n   n e c e s s a r y   to  form  t h e   s p e i s s   f rom  o u t s i d e  

t h e   f u r n a c e ,   p a r t   of  t h e   a m o u n t   of  i r o n   c h a r g e d ,   or  e v e n  

t h e   w h o l e   of  s a i d   a m o u n t  ,   can  be  c a u s e d   to   be  f o r m e d   i n  

s i t u   in   t h e   m e l t .   when  i r o n   i s   p r e s e n t   in  t h e   l e a d   r a w -  

m a t e r i a l s   to   be  s m e l t e d  ,   a  s u b s t a n t i a l   p a r t   of  t h e   i r o n  

w i l l   be  s l a g g e d   d u r i n g   t h e   m e l t i n g   p r o c e s s .   T h u s ,  w h e n   m e l t -  

i ng   of  t h e   l e a d   r a w - m a t e r i a l s   i s   c o m p l e t e d ,   i r o n   can  b e  

c a u s e d   to   f o r m   in  s i t u   in  t h e   m e l t  ,   p r e f e r a b l y   by  a d d i n g  

s i l i c o n ,   s i l i c i d e s ,   c a r b o n ,   c a r b i d e s   or  f e r r o - . a l l o y s   c o n t a i n i n g  



c a r b o n   and  s i l i c o n   in  s u c h   q u a n t i t i e s   t h a t   i r o n   p r e s e n t   i n  

t h e   s l a g   i s   r e d u c a d   ou t   in  m e t a l l i c   form  p r i o r   to   r e m o v i n g  

t h e   s l a g .  

I m p o r t a n t   a d v a n t a g e s   a r e   o b t a i n e d   when  p r a c t i s i n g   t h e  

a f o r e d e s c r i b e d   m e t h o d .   The  m e l t i n g   c a p a c i t y   of  t h e   f u r n a c e  

can   be  u t i l i z e d   to  t h e   m a x i m u m  ,   s i n c e   t he   f o r m a t i o n   o f  

s p e i s s   in  a  c h a r g e  o f   a b o u t   3 0 - 4 0   t o n s   i s   o b t a i n e d   a l r e a d y  

a f t e r   30  m i n u t e s   a n d  ,   when  c o o l i n g  ,   t h e   h e a t   c o n t e n t   o f  

t h e   l e a d   can  be  r e c o v e r e d   b y  ,   as  a f o r e m e n t i o n e d  ,   u s i n g  

as  t h e   c o o l a n t   a  q u a n t i t y   o f   s l a g   f o r m e r   i n t e n d e d   f o r   a  
s u b s e q u e n t   p r o c e s s ,   s a i d   s l a g   f o r m e r   t h u s   b e i n g   p r e h e a t e d  
in   r e a d i n e s s   f o r   s a i d   s u b s e q u e n t   p r o c e s s .   I f   so  d e s i r e d ,  
t h e   m e l t   of   l e a d  r a w - m a t e r i a l   c a n   a l s o   be  c o o l e d   by  c h a r g i n g  
a  p a r t   of   a  s u b s e q u e n t   c h a r g e   o f   l e a d   r a w - m a t e r i a l .  

The  m e l t i n g   p r o c e s s  ,   and  a l s o   t h e   f o r m a t i o n   of  s p e i s s   a n d  

t h e   s e g r e g a t i o n  o f   c o p p e r ,   a r e   e f f e c t e d   in  a  f u r n a c e   i n  

w h i c h   t h e   m e l t   can  be  t r e a t e d   w h i l s t   b e i n g   s t r o n g l y   a g i -  

t a t e d .   One  s u i t a b l e   f u r n a c e   in   t h i s   r e s p e c t   i s   a  t o p -  

b lown   r o t a r y   c o n v e r t e r ,   known  as  a  TBRC  c o n v e r t e r   or  a 

K a l d o   f u r n a c e .   A  TBRC  c o n v e r t e r   or  a  K a l d o   f u r n a c e   can  b e  

r o t a t e d   a t   a  s p e e d   of  f rom  10  t o   60  r . p . m . ,   t h e   c h o i c e   o f  

s u i t a b l e   r o t a r y   s p e e d   b e i n g   c o n t r o l l e d   by  t h e   d i a m e t e r   o f  

t h e   f u r n a c e .   A  s u i t a b l e   t u r b u l e n c e   or  a g i t a t i o n   can  be  o b -  

t a i n e d   when  t h e   i n s i d e   of  t h e   f u r n a c e   moves  a t   a  p e r i p h e r a l  

s p e e d   of  0 . 5  -  7   m / s ,   p r e f e r a b l y   2 - 5   m / s ,   w h i c h   e n a b l e s   t h e  

m e l t   to  a c c o m p a n y   t h e   r o t a t i n g   i n n e r  s u r f a c e   of  t h e   f u r n a c e  

and  f a l l   down  o n t o   t h e   s u r f a c e   of  t h e   bath  in  d r o p l e t   f o r m ,  

w h i c h   r e s u l t s   in  e x t r e m e l y   good   c o n t a c t   b e t w e e n   s o l i d  

p h a s e ,   l i q u i d   p h a s e   and  gas   p h a s e .   Good  c o n t a c t   i s   a  p r e -  

r e q u i s i t e   of  r a p i d   c h e m i c a l   and  p h y s i c a l   s e q u e n c e s ,   s u c h  

as  r e d u c t i o n   s e q u e n c e ,   c o o l i n g   and  s e p a r a t i o n .   The  f o r m a -  

t i o n   of  d u s t   i s   a v o i d e d   to   a  s u r p r i s i n g l y   h i g h   d e g r e e ,  

owing   to   t h e   f a c t   t h a t   t h e   s h o w e r o f   d r o p l e t s   f a l l i n g   d o w n  



o n t o   s a i d   s u r f a c e   d r i v e   down  t h a t   d u s t   w h i c h   w o u l d   o t h e r -  

w i se   l e a v e   t h e   f u r n a c e   w i t h   t he   r e a c t i o n   g a s e s .  

E x a m p l e  1  

30  t o n s   of  p e l l e t s   of  o x i d i c - s u l p h a t i c   l e a d   r a w - m a t e r i a l  

o r i g i n a t i n g   f r o m   c o p p e r - c o n v e r t e r   d u s t   h a v i n g   t h e   f o l l o w i n g  

a n a l y s i s ;   Pb  35%,  As  3 . 5 % ,   Cu  1 . 1 5 % ,   S  6 . 0   %,  Bi  1 . 2 0 % ,  

Au  0 .5   m g / k g   and  Ag  3 . 3 8   m g / k g ,   were   m e l t e d   t o g e t h e r   w i t h  

9  t o n s   of  g r a n u l a t e d   f a y a l i t e   s l a g   and  2 . 2 5   t o n s   of  f i n e l y  

d i v i d e d   l i m e s t o n e   in   a  t o p - b l o w n   c o n v e r t e r   of  t h e   K a l d o -  

t y p e   h a v i n g   an  i n t e r n a l   d i a m e t e r   of  2 . 5   m ,   w i t h   t h e   a i d  

of  an  o i l - o x y g e n - g a s - b u r n e r ,   to  fo rm  a  c r u d e - l e a d   b a t h   a n d  

s l a g .   A f t e r   m e l t i n g   t h e   l e a d   r a w - m a t e r i a l ,   t h e   s l a g   and  t h e  

c r u d e - l e a d   b a t h   w e r e   c h e m i c a l l y   r e d u c e d   w i t h   1 . 3   t o n s  

of  coke   u n t i l   t h e   l e a d   c o n t e n t   of  t h e   s l a g   was  a b o u t  

1 . 5  %   a t   a  t e m p e r a t u r e   of  a b o u t   1 0 0 0  C ,   w h e r e a f t e r   t h e   s l a g  

was  t a p p e d   o f f .   3 . 0   t o n s   of  i r o n   f i l i n g s   we re   t h e n   c h a r g e d  

to  t he   f u r n a c e  ,   t h e   a r s e n i c   c o n t e n t   of  t h e   m e l t   d u r i n g  

r o t a t i o n   of  t h e   c o n v e r t e r   a t   a  s p e e d   of  a b o u t   30  r . p . m .  

f a l l i n g   f r o m   7 .3%  to   l e s s   t h a n   0 .01   %.  T h u s ,   i t   i s   e x t r e m e -  

ly  i m p o r t a n t   t h a t   t h e   s p e i s s   f o r m a t i o n   i s   e f f e c t e d   w i t h  

good  c o n t a c t   b e t w e e n   t h e   i r o n   and  l e a d   p h a s e   and  w i t h   a n  

i r o n   s u r p l u s   of  a t   l e a s t   20%  a b o v e   t h e   s t o i c h o m e t r i c   v a l u e .  

The  t e m p e r a t u r e   d u r i n g   t h e   f o r m a t i o n   of  s p e i s s   was  in   e x c e s s  

of  1 0 0 0 ° C .   The  f o r m e d   and  s e g r e g a t e d   s p e i s s   p h a s e   was  t a p p e d -  

o f f   i m m e d i a t e l y   t h e   c o n v e r t e r   s t o p p e d   r o t a t i n g ,   s i n c e   i n  

a  s t a t i o n a r y   c r u d e - l e a d   b a t h   some  a r s e n i c   w i l l   r e - d i s s o l v e  

in  t he   c r u d e - l e a d   m e l t   f rom  t h e   s p e i s s .  

The  r e s u l t a n t   s p e i s s   was  t a p p e d - o f f   and  s l a g   f o r m e r   i n t e n d e d  

f o r   t h e   n e x t   c h a r g e   was  c h a r g e d   to   t h e   f u r n a c e ,   w h e r e u p o n  

t he   t e m p e r a t u r e   of  t h e   c r u d e   l e a d   f e l l   to  4 5 0 ° C  .   The  s o l u -  

b i l i t y   of  c o p p e r   i n   t h e   l e a d   d e c r e a s e s   g r e a t l y   a t   t h i s  

t e m p e r a t u r e ,   and  h e n c e   t h e   c o p p e r   in  t h e   c r u d e   l e a d  s e g r e -  

g a t e d   o u t   when  c o o l i n g  ,   t h e   l e a d   t a p p e d - o f f   c o n t a i n i n g  



0 .26%  c o p p e r   s u b s e q u e n t   to   s a i d   s e g r e g a t i o n .  

E x a m p l e   2 

30  t o n s   of  o x i d i c - s u l p h a t i c   p e l l e t s   of  t h e   k i n d   and  c o m p o s i -  

t i o n   r e c i t e d   in  E x a m p l e   1  were   m e l t e d   in   a  m a n n e r   s i m i l a r  

to   t h a t   d e s c r i b e d   in  E x a m p l e   1,  w i t h   9  t o n s   of  f a y a l i t e   s l a g  

and  2 . 2 5   t o n s   of  l i m e s t o n e   in   a  K a l d o   c o n v e r t e r , w h i l s t   b u r -  

n i n g   o i l   w i t h   o x y g e n .   S u b s e q u e n t   to   m e l t i n g   t h e   p e l l e t s ,  

t h e   s l a g   and  c r u d e   l e a d   were   c h e m i c a l l y   r e d u c e d   at   a  t e m p e -  

r a t u r e   of  1000°C  w i t h   1 .3   t o n s   of  c o k e , u n t i l   t h e   l e a d   c o n -  

t e n t   of  t h e   s l a g   was  a b o u t   1 . 5   %,  w h e r e a f t e r   a b o u t   70%  o f  

t h e   s l a g   was  t a p p e d - o f f   f rom  t h e   c o n v e r t e r .   About   1 .5   t o n s  

of  s i l i c o n   i r o n  ,   F e S i ,   were   t h e n   c h a r g e d   to   t h e   c o n v e r t e r ,  

to   r e d u c e   t h e   r e m a i n d e r   of  t h e   s l a g   and  to   fo rm  a  s p e i s s .  

The  c o n v e r t e r   was  r o t a t e d   a t   a  s p e e d   of  a b o u t   25  r . p . m . ,  

w h e r e u p o n   t h e   a r s e n i c   c o n t e n t   f e l l   f r om  an  o r i g i n a l  5 % ,  

f i r s t l y   to   a b o u t   1 .3   %  and  t h e n  ,   d u r i n g   t h e   r o t a t i o n   o f  

t h e   c o n v e r t e r   f o r   a b o u t   one  h o u r   and  s u b s e q u e n t   to  t h e  

c h a r g e   of  s i l i c o n   i r o n ,   to   a b o u t   0 . 4 % .  

I t   w i l l   be  e v i d e n t   f rom  t h e s e   two  e x a m p l e s  ,   t h a t a s   a  r e -  

s u l t   of  a d d i n g   m e t a l l i c   i r o n   t h e   s p e i s s   was  f o r m e d   m u c h  

more   q u i c k l y   and  r e s u l t e d   in   a  more   e f f e c t i v e   r e m o v a l   o f  

a r s e n i c   t h a n   when  t h e   i r o n   i s   f o r m e d   by  t h e   r e d u c t i o n   of   s l a g ,  

a l t h o u g h   e v e n   t h i s   l a t t e r   m e t h o d   o f  p r o c e d u r e   r e s u l t e d   i n  

a  f u l l y   a c c e p t a b l e   r e s u l t .  

E x a m p l e   3 

O x i d i c - s u l p h a t i c   p e l l e t s   m i x e d   w i t h   p e l l e t s   of  m e t a l l i c  

and  s u l p h i d i c   t y p e   were   m e l t e d   w i t h   f a y a l i t e   s l a g   and  l i m e -  

s t o n e   in   a  m a n n e r   s i m i l a r   to   t h a t   d e s c r i b e d   in   E x a m p l e   1 ,  

r e s u l t i n g   in   a  c r u d e - l e a d   m e l t   of  a b o u t   15  t o n s ' h a v i n g   t h e  

f o l l o w i n g   c o m p o s i t i o n :   l e a d   8 4 . 4 % ,   c o p p e r   2 .7   %,  a r s e n i c  

5 .5%  and  t i n   1 . 4 % .  

The  m e l t   was  r o l l e d   a t   1100°C   and  1200  kg  of  i r o n   f i l i n g s  



were   a d d e d   and  r o l l i n g   of  t h e   m e l t   c o n t i n u e d   a t   30  r . p . m  
f o r   some  m i n u t e s ,   an  i r o n   s p e i s s   b e i n g   f o r m e d .   The  s p e i s s  

was  t a p p e d - o f f   and  t h e   r e s u l t a n t   l e a d   m e l t   had  t h e   f o l l o w i n g  

c o m p o s i t i o n :   l e a d   8 6 . 1   %,  c o p p e r   2 .4%,   a r s e n i c   1 . 1 % ,  

t i n   1 .3%.   The  mole   r a t i o   of  c o p p e r   to  a r s e n i c   was  2 . 6 .   T h e  

m e l t   was  t h e n   c o o l e d   to  4500C  by  i n j e c t i n g   w a t e r   t h e r e i n -  

to  w h i l s t   t h e   f u r n a c e   was  r o t a t i n g ,   a  c o p p e r - s p e i s s - c o p p e r -  

d r o s s   s e g r e g a t i n g  o u t .   The  r e s u l t a n t  l e a d   m e l t   had  t h e  

f o l l o w i n g   c o m p o s i t i o n :   l e a d   9 6 . 3 % ,   c o p p e r   0 . 1 % ,   a r s e n i c  

0 .01%  and  t i n   1 .3   %. 

In  a  f u r t h e r   e x p e r i m e n t  ,   3000  kg  of  i r o n   f i l i n g s   were   u s e d  

i n s t e a d   of  120D  k g  ,   t h e r e   b e i n g   o b t a i n e d   an  a r s e n i c   c o n t e n t  

of  0 .01%  and  t h u s   a  v e r y   h i g h   c o p p e r / a r s e n i c   mole   r a t i o .  

S u b s e q u e n t   to  c o o l i n g   and  s e p a r a t i n g   c o p p e r   f rom  t h e   m e l t ,  

t h e   c o m p o s i t i o n   of  t h e   c r u d e - l e a d   m e l t   u a s  :   l e a d   9 8 . 0 % ,  

c o p p e r   0 . 1 % ,   a r s e n i c   0 .01%  and  t i n   0 . 2 % .  

I t   w i l l   be  e v i d e n t   f rom  E x a m p l e   3  t h a t   by  l i m i t i n g   t h e   i r o n  

c h a r g e   in  a  m a n n e r   s u c h   as  to   o b t a i n   in  t h e   c r u d e - l e a d   m e l t  

a  c o p p e r / a r s e n i c   mole   r a t i o   of  2 . 6 , i t   i s   p o s s i b l e   to  a v o i d  

l o s i n g   t h e   t i n   c o n t e n t   to  s p e i s s   p h a s e s   in   t h e   fo rm  o f  

c o p p e r - t i n - c o m p o u n d s   f rom  w h i c h   t i n   i s   n o t   r e a d i l y   r e c o v e r -  

a b l e .   A  l e a d   w h i c h   c o n t a i n s   t i n   has   a  v e r y   h i g h   c o m m e r c i a l  

v a l u e .  

When  t h e   c r u d e - l e a d   m e l t   o b t a i n e d   s u b s e q u e n t   to   m e l t i n g   a n d  

r e d u c t i o n   in  a c c o r d a n c e   w i t h   t h e   a f o r e g o i n g , c o n t a i n e d   s o  

much  c o p p e r   in  r e l a t i o n   to   a r s e n i c   t h a t   t h e   mole   r a t i o   o f  

c o p p e r   to  a r s e n i c   e x c e e d s   a b o u t   4  i t   i s   p o s s i b l e  ,   in  o r d e r  

to   a v o i d   l o s s e s   of  t i n   t h r o u g h   t h e   f o r m a t i o n   of  c o p p e r - t i n -  

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

fo rm  or  o t h e r ,   e . g .   in  t h e   fo rm  of  a  s p e i s s   r i c h   in  a r s e n i c ,  

or  to  r e m o v e   c o p p e r   f rom  t h e   m e l t , b y   a d d i n g   s u l p h u r   in  a n  

e l e m e n t a r y   form  or  in  t h e   fo rm  of  a  c o m p o u n d   w h i c h   c o n t a i n s  



s u l p h u r ,   f o r   e x a m p l e   p y r i t e s ,   t h e r e b y   to   fo rm  a  c o p p e r -  

m a t t e   p h a s e   in   w h i c h   c o p p e r   w i l l   be  p r e s e n t   in   t h e   f o r m  

of  d i - c o p p e r  s u l p h i d e ,   w h i c h   c o p p e r - m a t t e   p h a s e   can   t h e n  

be  t a p p e d - o f f .  



1.  A  m e t h o d   of  m a n u f a c t u r i n g   and  r e f i n i n g   c r u d e  l e a d   f r o m  

a r s e n i c - c o n t a i n i n g   l e a d   r a w - m a t e r i a l s   of  a  m e t a l l i c ,   o x i d i c ,  

s u l p h a t i c   or  s u l p h i d i c  n a t u r e ,  t h e   l e a d   r a w - m a t e r i a l   b e i n g  

m e l t e d   in   a  f u r n a c e   in  t h e   p r e s e n c e   of  a  s l a g   f o r m e r ,   s a i d  

f u r n a c e   b e i n g   of  t h e   t y p e   in  w h i c h   t u r b u l e n c e   can  b e  

c r e a t e d   in  t h e   c o n t e n t s  t h e r e o f ,   w h e r e a f t e r   t h e   s l a g   i s  

d r a w n - o f f ,   c h a r a c t e r i z e d   in   t h a t   s u b s e q u e n t   to  d r a w i n g   o f f  

s a i d   s l a g , i r o n   in  a  m e t a l l i c   f i n e l y - d i v i d e d   fo rm  i s   c h a r g e d  

to  t h e   m e l t   or  c a u s e d   to  be  f o r m e d   in   s i t u   t h e r e i n ,   a t   a  

t e m p e r a t u r e   of  8 0 0 - 1 2 0 0 ° C   d u r i n g   s t r o n g   t u r b u l e n c e   of  t h e  

m e l t ,   w h e r e a f t e r   t h e   i n s o l u b l e   i r o n   s p e i s s   f o r m e d   in  t h e  

l e a d   m e l t   i s   s e p a r a t e d   in  l i q u i d   f o r m   f rom  s a i d   m e l t   i n  

d i r e c t   c o n j u n c t i o n   w i t h   a  g r a v i t a t i o n a l   s e p a r a t i o n   of  s p e i s s  

and  c r u d e   l e a d .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   t h e  

i r o n   c h a r g e d   to   t h e   f u r n a c e   i s   in   t h e   fo rm  of  i r o n   f i l i n g s ,  

i r o n   p o w d e r   or  f i n e l y - d i v i d e d   p i e c e s .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   t h e  

i r o n   c o m p r i s e s   an  i r o n   a l l o y   c o n t a i n i n g   more  t h a n   60%  i r o n .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   t h e  

i r o n   i s   c a u s e d   to   be  f o r m e d   in   s i t u   in   t h e   m e l t   by  a d d i n g  

s i l i c o n  ,   s i l i c i d e s ,   c a r b o n ,   c a r b i d e s   or  f e r r o - a l l o y s   h a v i n g  

c a r b o n   and  s i l i c o n   in   s u c h   q u a n t i t i e s   t h a t   t h e   i r o n   in   t h e  

s l a g   i s   r e d u c e d   ou t   in  m e t a l l i c   f o r m   b e f o r e   t h e   s l a g   i s  

t a p p e d - o f f .  

5.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

t h e   s p e i s s   i s   t a p p e d - o f f   a t  a   t e m p e r a t u r e   of  9 5 0 - 1 0 0 0 ° C .  



6 .  A   m e t h o d   a c c o r d i n g   to  any  one  of  c l a i m s   1 - 5 ,   c h a r a c -  

t e r i z e d   in  t h a t   any  c o p p e r   i m p u r i t i e s   a r e   s e g r e g a t e d   o r  

f r o z e n   o u t   f rom  t h e   l e a d   m e l t   d u r i n g   t u r b u l e n c e   t h e r e o f   i n  

s a i d   f u r n a c e   by  a d d i n g   a  c o o l a n t ,   w h e r e a f t e r   c r u d e   l e a d  

i s   t a p p e d - o f f .  

7 .  A   m e t h o d   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   in   t h a t  

when  c o p p e r   i s   p r e s e n t   in  t h e   c r u d e - l e a d   m e l t   a  c o p p e r  

s p e i s s   i s   f o r m e d   p r i o r   to   f o r m i n g   s a i d   i r o n   s p e i s s ,   b y  

c o o l i n g   t h e   m e l t   to   a  t e m p e r a t u r e   b e l o w   1 1 0 0 ° C ,   w h e r e a f -  

t e r   t h e   c o p p e r   s p e i s s   f o r m e d   i s   t a p p e d - o f f .  

8,  A  m e t h o d   a c c o r d i n g   to  c l a i m   7,  c h a r a c t e r i z e d   in   t h a t  

i r o n   i s   c h a r g e d   to   t h e   l e a d   m e l t   in   a  q u a n t i t y   b e l o w   t h a t  

r e q u i r e d   to   f o rm  an  i r o n   s p e i s s   w i t h   r e s i d u a l   a r s e n i c   b e -  

f o r e   t h e   t e m p e r a t u r e   i s   l o w e r e d   to   fo rm  s a i d   c o p p e r   s p e i s s ,  

w h e r e a f t e r   s a i d   c o p p e r   s p e i s s   i s   t a p p e d - o f f   and  f u r t h e r  

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

9.  A  m e t h o d   a c c o r d i n g   to   c l a i m   6,  c h a r a c t e r i z e d   in   t h a t  

t h e   c o o l a n t   u s e d   i s   an  o x i d i c   or  s u l p h a t i c   l e a d   r a w - m a t e r i a l  

or  c r u s h e d   i r o n - s i l i c a t e   s l a g .  
. 

10.   A  m e t h o d   a c c o r d i n g   to   c l a i m   6,  c h a r a c t e r i z e d   in   t h a t  

t h e  c o o l a n t   u s e d   i s   w a t e r  ,   w h i c h   i s   i n j e c t e d   d i r e c t l y  

i n t o   t h e   f u r n a c e   in  a  l i q u i d ,   f i n e l y - d i v i d e d   f o r m .  

1 1 .  A   m e t h o d   a c c o r d i n g   to   c l a i m   6,  c h a r a c t e r i z e d   in   t h a t  

t h e   c o o l a n t   u s e d   i s   a  s l a g   f o r m e r   f o r   a  s u b s e q u e n t   m e l t i n g  

of  t h e   l e a d   r a w - m a t e r i a l .  

12.   A  m e t h o d   a c c o r d i n g   to   c l a i m   6,  c h a r a c t e r i z e d   in   t h a t  

t h e   m e l t   i s   c o o l e d   to   a  t e m p e r a t u r e   of  4 0 0 - 6 0 0  C .  

1 3 .  A   m e t h o d   a c c o r d i n g   to   c l a i m   6,  c h a r a c t e r i z e d   in   t h a t  



s e g r e g a t e d   c o p p e r   or  c o p p e r   and  s p e i s s   i s   or  a r e   r e t a i n e d  

in  t h e   f u r n a c e   d u r i n g   a t   l e a s t   one  f u r t h e r   m e l t i n g   c y c l e .  

14 .   A  m e t h o d   a c c o r d i n g   to  c l a i m  1 ,   c h a r a c t e r i z e d   in  t h a t  

t h e   m a n u f a c t u r i n g   and  r e f i n i n g   p r o c e s s e s   a r e   e f f e c t e d   i n  

a  r o t a r y ,   i n c l i n e d   f u r n a c e   of  t h e   K a l d o   t y p e .  
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