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(54)  A  method  of  refining  crude  lead. 

©  A  method  of  refining  crude  lead  from  copper-contain- 
ing  lead  raw-materials  which  possibly  also  contain  arsenic 
and  which  are  of  a  metallic,  oxidic,  sulphatic  or  sulphidic 
type,  in  a  furnace  in  which  the  contents  thereof  can  be  sub- 
jected  to  turbulence,  preferably  in  a  top  blown  rotary  con- 
verter,  for  example,  of  the  Kaldotype.  According  to  the  in- 
vention,  subsequent  to  chemical  reduction  and  tapping-off 
of  the  slag,  the  crudelead  melt  is  cooled  to  a  temperature 
beneath  about  700°C  whilst  strongly  agitating  said  melt, 

^   in  order  to  separate  out  a  copper  phase  or  a  copper  speiss. 
The  coolant  used  may  be  an  oxidic  or  sulphatic  lead  raw- 
material,  a  crushed  iron-silicate  slag,  a  slag  former,  and, 

1̂ 1  preferably,  water  in  liquid  finely-divided  form.  Large  quan- 
jjj  tities  of  arsenic  can  be  removed  prior  to  said  cooling,  by 
2   forming  an  iron  speiss,  by  adding  iron  to  the  crude-lead 
w  melt  or  forming  iron  in  situ  therewith. 
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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  a  m e t h o d   of  p r o d u c i n g  

c r u d e   l e a d   f rom  c o p p e r - 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   o f  

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   t y p e .  

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 rom  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  ,   such   as  l e a d   c o n c e n t r a t e s   f o r   e x a m p l e ,  

bu t   can  a l s o   be  p r o d u c e d   f rom  o x i d i c   and  s u l p h a t i c   l e a d  

r a u - m a t e r i a l s  ,   f o r   e x a m p l e   d u s t ,   a s h e s   and  s l a g s .   The  m o s t  

common  f u r n a c e   used   f o r   m e l t i n g   and  c h e m i c a l l y   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 , t o   w h i c h   t h e r e   i s   c h a r g e d   a  l e a d  

r a w  m a t e r i a l   w h i c h ,   i f   so  d e s i r e d ,   has  been   p r e - s i n t e r e d  

or  r o a s t e d   to  s i m u l t a n e o u s l y   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  

p r e s e n t   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 u r .   The  l e a d   r a w - m a t e r i a l   can  a l s o   be  m e l t e d   a n d  

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

d i s c l 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 n   7 3 1 7 2 1 7 - 3   a n d  

7 3 1 7 2 1 9 - 9 ,   w h i c h   t e a c h   m e t h o d 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 ,   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 .  

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

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

c o p p e r ,   a r s e n i c   and  a n t i m o n y ,   w h i c h   s u b s t a n c e s   m u s t   t h e r e f o r e  

be  r e m o v e d   f rom  t h e   c r u d e   l e a d .   G o l d   and   s i l v e r   a r e   n o r m a l l y  
a l s o   p r e s e n t   in  t h e   c r u d e   l e a d .  

I r r e s p e c t i v e   of  t h e   m e t h o d   by  w h i c h   t h e   c r u d e   l e a d   i s   p r o -  

d u c e d ,   i t   mus t   t h e r e f o r e   be  r e f i n e d   in  o r d e r   t h a t   a  s u f f i -  

c i e n t l y   p u r e ,   f i n a l   l e a d   p r o d u c t   can  be  o b t a i n e d .   N o r m a l l y ,  

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

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



w i t h   r e s p e c t   to  s a i d   i m p u r i t i e s .   C o p p e r ,   and  a l s o  a r s e n i c  

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

p r o b l e m   w h e n  r e f i n i n g   s a i d   l e a d .   A r s e n i c   and  a n t i m o n y   may 
be  p r e s e n t   in  q u a n t i t i e s   of  up  to  a b o u t   15%,  w h i c h   r e s u l t s  

in  t he   f o r m a t i o n   of  v e r y   l a r g e   q u a n t i t i e s   of  s o l i d ,   p o w d e r -  

ous  p r o d u c t s   w h i c h   f l o a t   to  t h e   s u r f a c e   of  t h e   m e t a l   b a t h  

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 i s   s o - c a l l e d   d r o s s   r e n d e r s  

h a n d l i n g   of  t h e   c r u d e - l e a d   m e l t   d i f f i c u l t .  

When  c o p p e r   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   in  l a r g e  

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

t h e   c o p p e r   e f f e c t i v e l y   at   an  e a r l y   s t a g e   of  t he   p r o c e s s ,   s o  

as  n o t  t o   r e n d e r   t he   p r o c e s s   more  e x p e n s i v e   by  t he   f a c t  

t h a t   t h e   f u r t h e r   t r e a t m e n t   of  t h e   l e a d   to  a  r e f i n e d   l e a d  

is   made  more  d i f f i c u l t   and  s i n c e   t h e   c o p p e r   c o n t e n t   of  t h e  

l e a d   i s   h i g h l y   v a l u a b l e .  

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

c o p p e r - 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   t y p e ,   by  m e l t i n g   t he   raw  m a t e r i a l s  

in  a  f u r n a c e   in  w h i c h   t u r b u l e n c e   can  be  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 ,   s a i d   raw  m a t e r i a l s   b e i n g   m e l t e d   in  t h e  

p r e s e n c e   of  a  s l a g   f o r m e r   and  c h e m i c a l l y   r e d u c e d ,   u h e r e a f -  

t e r   a  s l a g   i s   t a p p e d - o f f .   The  n o v e l   m e t h o d   i s   c h a r a c t e r i z e d  

by  t he   f a c t   t h a t   s u b s e q u e n t   to   t a p p i n g - o f f   t h e   s l a g ,   t h e  

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

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

p o i n t   of  t he   l e a d   m e l t   bu t   b e n e a t h   a b o u t   7 0 0 ° C ,   p r e f e r a b l y  

b e n e a t h   5 0 0 ° C ,   w h e r e a f t e r   t h e   c o p p e r - c o n t a i n i n g   p h a s e   a n d  

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

s e p a r a t e d   f rom  one  a n o t h e r .  

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

a r s e n i c ,   a n t i m o n y   and  c o p p e r ,   t h e   a r s e n i c   and  a n t i m o n y  

can  be  r e m o v e d   in  t h e   form  of  a  s p e i s s .   A  " s p e i s s "   i s  



a  compound   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  

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  one  or  more  of  t h e   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 .   Any  a r s e n i c   or  a n t i m o n y   i m p u r i t i e s   a r e   t h e r e f o r e  

r e m o v e d   by  c h a r g i n g   to  t he   m e l t ,   w h i l s t   c r e a t i n g   a  s t r o n g  

t u r b u l e n c e   t h e r e i 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  

fo rm ,   or  by  c a u s i n g   i r o n   to  be  f o r m e d   in  s i t u ,   w h e r e a f t e r  

the   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 he   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  d i r e c t   c o n j u n c t i o n   w i t h   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 ,   w h e r e a f t e r   c o p p e r i s  

s e p a r a t e d   ou t   and  r e m o v e d .   If   t h e   i r o n   c h a r g e d   to  t h e   m e l t  

i s   in  powder   form  or  in  t he   fo rm  of  i r o n   f i l i n g s   or  f i n e l y -  

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

or  i r o n - a n t i m o n y   s p e i s s   w i l l   be  f o r m e d   in  t he   l e a d   m e l t .  

By  i r o n   in  f i n e l y - d i v i d e d   fo rm  i s   mean t   m e t a l l i c   i r o n   i n  

a  form  such   as  to  p r e s e n t   to  t h e   l e a d   m e l t   a  good  s p e c i f i c  

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

in  a  s i m p l e   m a n n e r .   The  s p e i s s ,   w h i c h   i s   p r a c t i c a l l y   i n -  

s o l u b l e   in  l e a d   a t   t he   p r e v a i l i n g   t e m p e r a t u r e s ,   i s   r e a d i l y  

s e p a r a b l e   and  can  be  t a p p e d - o f f ,   p r e f e r a b l y   a t   a  t e m p e r a t u r e  

of  8 5 0 - 1 2 0 0 0 C .   The  i r o n   c h a r g e d   may  a l s o   have   t he   fo rm  o f  

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

the   i r o n   c h a r g e   may  be  a d a p t e d   so  t h a t   o n l y   a  p a r t   of  t h e  

a r s e n i c   c o n t e n t   f o r m s   an  i r o n   s p e i s s   and  t h a t   t h e r e   r e m a i n s  

in  the   l e a d   melt a guantity of arsenic corresponding to a molar  r a t i o   of  c o p p e r  
to  a r s e n i c   of  a t   l e a s t   1 . 1 7 ,   so  t h a t   c o p p e r   i s   a b l e   to  f o r m  

a  c o p p e r   s p e i s s ,   w h i c h   can  r e a d i l y   be  t r e a t e d   to  r e c o v e r  

c o p p e r   and  a r s e n i c .   Any  t i n   p r e s e n t   in  t he   m e l t   w i l l   r e -  

main  t h e r e i n .   The  m a j o r   p a r t   of  t he   c o p p e r   c o n t e n t   of  t h e  

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

h o w e v e r ,   b u t ,   as  a b o v e   m e n t i o n e d ,   w i l l   be  s e g r e g a t e d   a s  

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

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

m e l t i n g   p o i n t   of  t h e   l e a d - m e l t   bu t   b e n e a t h   a b o u t   7 0 0 ° C ,  

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



C o o l i n g   of  t h e   c r u d e - l e a d   m e l t   can  be  e f f e c t e d   by  a d d i n g ,  

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

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

c r u d e - l e a d   m e l t   can  a l s o   be  e f f e c t e d   by  a d d i n g   a  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   m e l t i n g   c y c l e .  

A l t e r n a t i v e l y  ,   t he   c r u d e - l e a d   m e l t   can  be  c o o l e d   b y  

s p r a y i n g   w a t e r   i n  l i q u i d  ,   f i n e l y - d i v i d e d   fo rm  d i r e c t l y  

o n t o   t h e   t u r b u l e n t   c r u d e - l e a d   m e l t .  

I t   i s   n o t   n e c e s s a r y   to  c o o l   t he   c r u d e - l e a d   m e l t   e a c h   t i m e  

a  new  c h a r g e   of  l e a d   r a w - m a t e r i a l   i s   m e l t e d   down,   and  r e -  

mova l   of  s l a g   and  any  i r o n - a r s e n i c - s p e i s s   f o r m e d   has  b e e n  

e f f e c t e d .   T h u s ,   i t   i s   p o s s i b l e   to  f i l l   t h e   f u r n a c e   w i t h  

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

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

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

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

c o p p e r   s e p a r a t i o n ,   a r e   e f f e c t e d   in  a  f u r n a c e   in  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 u b j e c t e d   to  s t r o n g   t u r -  

b u l e n c e .   Such  a  f u r n a c e   i s   s u i t a b l y   a  t o p   b lown   r o t a r y  

c o n v e r t e r  ,   f o r   e x a m p l e   a  s o - c a l l e d   TBRC  or  a  K a l d o   f u r -  

n a c e .  A   TBRC  or  K a l d o   f u r n a c e   can  be  r o t a t e d   a t   a  s p e e d  

of  f rom  10  to  60  r . p . m  .   and  t he   c h o i c e   of  s u i t a b l e   r o -  

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

of  t he   f u r n a c e   i s   r o t a t e d   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   t o  

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   a n d  

f a l l   down  o n t o   t he   s u r f a c e   of  t he   b a t h   in  a  s h o w e r   o f  

d r o p l e t s ,   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 .   Such   good  c o n -  

t a c t   i s   a  r e q u i s i t e   f o r   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  a  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  

l a r g e   e x t e n t  ,   by  t h e   f a c t   t h a t   t h e   s h o w e r   of  d r o p l e t s  

d r i v e   t h e   d u s t   d o w n , w h i c h   wou ld   o t h e r w i s e   p a s s   ou t   of  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  an  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 rom  a  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   the   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 ,   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 .6   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   ( i r o n - s i l i c a t e - s l a g  

o b t a i n e d   f rom  a  fume  f u r n a c e   f o r   t r e a t i n g   c o p p e r   s l a g )   a n d  

3 .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  top   b lown  r o t a r y  

c o n v e r t e r   of  t he   K a l d o - t y p e   h a v i n g   an  i n n e r   d i a m e t e r   o f  

2 .5   m ,   w i t h   t he   a i d   of  an  o i l - o x y g e n - g a s   b u r n e r  ,   to  f o r m  

a  c r u d e - l e a d   b a t h   and  s l a g .   S u b s e q u e n t   to  m e l t i n g   t h e   r a w  

m a t e r i a l ,   t h e   s l a g   and  t he   c r u d e - l e a d   b a t h   were   r e d u c e d  

c h e m i c a l l y   w i t h   1 .9   t o n s   of  coke   u n t i l   t he   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   %  Pb  a t   a  t e m p e r a t u r e   of  a b o u t  

1 1 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 .  

W h i l s t   s t r o n g l y   a g i t a t i n g   t h e   b a t h ,   2 . 2 5   t o n s   of  c r u s h e d  

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

of  t i m e   of  60  m i n u t e s ,  f r o m   1100°C   to  a b o u t   8 5 0 ° C ,   a  c o p p e r -  

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

was  t h e n   r e m o v e d   f rom  the   c r u d e - l e a d   m e l t ,   whose   c o p p e r  

c o n t e n t   was  t h e r e b y   r e d u c e d   f rom  5 %  Cu  to  1 . 5  %   C u .  

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

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

4 0 0 ° C ,   i t   b e i n g   p o s s i b l e   to  s e g r e g a t e   o u t   and  r e m o v e   a  
f u r t h e r   c o p p e r - c o n t a i n i n g   p h a s e .   The  r e s u l t a n t   c o p p e r   c o n -  

t e n t   of  t h e   c r u d e - l e a d   m e l t   was  0.2%  C u .  



E x a m p l e   2 

30  t o n s   of  p e l l e t s   of  an  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   h a v i n g   t h e   same  c o m p o s i t i o n   as  t h a t   in  E x a m p l e   1 

were   m e l t e d   t o g e t h e r   w i t h   9 .6   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  3 . 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  

r o t a r y   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  form  a  c r u d e - l e a d   b a t h   and  a  s l a g .   S u b s e q u e n t   to  m e l t i n g  

t he   raw  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 .9   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%  Pb,  at   a  t e m p e r a t u r e   o f  

a b o u t   1 1 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 .  

W a t e r   in  a  f i n e l y - d i v i d e d   form  was  t h e n   s p r a y e d   d i r e c t l y  

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

r a t u r e   b e i n g   l o w e r e d   f rom  1100°C  to  a b o u t   650°C  o v e r   a  

p e r i o d   of  a b o u t   60  m i n u t e s ,   w h e r e w i t h   a  c o p p e r - c o n t a i n i n g  

p h a s e   s e g r e g a t e d   o u t .   T h i s   p h a s e   was  t h e n   r e m o v e d   f r o m  

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

5%  Cu  to  1 . 5  %   C u .  

E x a m p l e   3 

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

r i a l   h a v i n g   t h e   same  c o m p o s i t i o n   as  t h a t   in  E x a m p l e   1 

were   m e l t e d   t o g e t h e r   w i t h   9 .6   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  3 . 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  

blown  r o t a r y   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 n e r  

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 , t o  f o r m   a  c r u d e - l e a d   b a t h   and  a  s l a g .   S u b s e q u e n t  

to  m e l t i n g   t h e   raw  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   were   c h e m i c a l l y   r e d u c e d   w i t h   1 .9   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%  Pb  a t   a  t e m p e -  

r a t u r e   of  a b o u t   1 1 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 .  

2 . 2 5   t o n s   of  c r u s h e d   i r o n - s i l i c a t e   s l a g   were   t h e n   c h a r g e d  

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



of  t he   m e l t   b e i n g   l o w e r e d   f rom  1100°C  to  a b o u t   850°C  o v e r  

a  p e r i o d   of  a b o u t   60  m i n u t e s ,   and  a  c o p p e r - c o n t a i n i n g   p h a s e  

s e g r e g a t i n g   o u t .   The  c r u d e - l e a d   m e l t ,   whose   c o p p e r  
c o n t e n t   d e c r e a s e d   f rom  5%  Cu  to  1 . 5  %   Cu,  was  t a p p e d - o f f  

W h i l s t   t h e   c o p p e r - c o n t a i n i n g   p h a s e ,   t o g e t h e r   w i t h   t h e   i r o n -  

s i l i c a t e   s l a g  ,   were   r e t a i n e d   in  t h e   f u r n a c e .   A  f u r t h e r  

30  t o n 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   and  3 .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   were   t h e n   c h a r g e d   to  t h e  

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

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

c r u d e - l e a d   b a t h   were   c h e m i c a l l y   r e d u c e d   w i t h   1 .9   t o n s   o f  

coke  u n t i l   t h e   l e a d   c o n t e n t   in  t he   s l a g   was  a b o u t   1 . 5 %  

Pb  a t   a  t e m p e r a t u r e   of  a b o u t   1 1 0 0 ° C ,   W h e r e a f t e r   t he   s l a g  

was  t a p p e d - o f f .   W h i l s t   s t r o n g l y   a g i t a t i n g   t h e   r e s u l t a n t  

c r u d e - l e a d   m e l t  ,   a  f u r t h e r   2 . 2 5   t o n s   of  c r u s h e d   i r o n -  

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

of  t he   c r u d e - l e a d   m e l t   d e c r e a s i n g   f rom  1100°C  to  a b o u t  

850  °C  o v e r   a  p e r i o d   of  60  m i n u t e s ,   and  a  l a r g e   q u a n t i t y  

of  c o p p e r - c o n t a i n i n g   p h a s e   was  o b t a i n e d .   T h i s   l a r g e   q u a n -  

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

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

one  f r e e z i n g   or  s e g r e g a t i o n   p r o c e s s   w i t h   i r o n - s i l i c a t e  

s l a g   was  c a r r i e d   o u t .   In  a d d i t i o n ,   a  c o n s i d e r a b l e   s a v i n g  

in  t i m e   per   ton   of  l e a d   p r o d u c e d   was  m a d e  ,   s i n c e   o n l y  

one  s e g r e g a t i o n   p r o c e s s   was  r e q u i r e d .  

T h i s   m e t h o d   in  wh ich   the   c o p p e r - c o n t a i n i n g   p h a s e   i s   r e -  

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

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

is   s u i t a b l e   in  r e s p e c t   of  t he   p r o d u c t i o n   c o n d i t i o n s .  

E x a m p l e   4 

30  t o n 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   h a v i n g   t h e  

c o m p o s i t i o n   of  E x a m p l e   1  were  m e l t e d   t o g e t h e r   w i t h   9 .6   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  3 .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 op   b lown   r o t a r y   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  f o r m   a  c r u d e - l e a d   b a t h  

and  a  s l a g .  

S u b s e q u e n t   to  m e l t i n g   t h e   raw  m a t e r i a l ,   t h e   s l a g   a n d  

the   c r u d e - l e a d   b a t h   were   c h e m i c a l l y   r e d u c e d   w i t h   1 . 9  

t o n s   of  coke   u n t i l   t he   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%  Pb  a t   a  t e m p e r a t u r e   of  a b o u t   1 1 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 .  

The  c r u d e   l e a d   o b t a i n e d   c o n t a i n e d   7%  As  and  3%  Cu.  3 

t o n s   of  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   form  w a s  

c h a r g e d   to  t he   t u r b u l e n t   c r u d e - l e a d   m e l t ,   to  form  a n  

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

o f f   in  l i q u i d   f o r m .  

A  c r u s h e d   i r o n - s i l i c a t e   s l a g   was  t h e n   c h a r g e d   to  t h e   f u r -  

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

in  E x a m p l e   1,  t he   t e m p e r a t u r e   of  t he   b a t h   d e c r e a s i n g ,  

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

f rom  t h e   m e l t .  



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

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

which   a  t u r b u l e n c e   can  be  c r e a t e d   in  t he   c o n t e n t s   t h e r e o f ,  

t he   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  t he   p r e s e n c e   o f  

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

is   t a p p e d - 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  t a p p i n g -  

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

ly  a g i t a t e d ,   f rom  m e l t i n g   t e m p e r a t u r e   to  a  t e m p e r a t u r e  

above   t h e   l i q u i d u s   p o i n t   of  t he   l e a d   m e l t   bu t   b e n e a t h  

a b o u t   7 0 0 ° C ,   w h e r e a f t e r   t h e   c o p p e r - c o n t a i n i n g   p h a s e  

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

s e q u e n c e   i s   r e m o v e d   f rom  s a i d   m e l t .  

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   i n t h a t  

the   l e a d   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  l e s s   t h a n  

a b o u t   5 0 0 ° C .  

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  

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

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  

c o o l a n t   u s e d   i s   s a i d   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  l e a d   r a w - m a t e r i a l .  

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  

c o o l i n g   i s   e f f e c t e d   by  s p r a y i n g   w a t e r   in  l i q u i d ,   f i n e l y -  

d i v i d e d   fo rm  d i r e c t l y   o n t o   t he   t u r b u l e n t   c r u d e - l e a d   m e l t .  

6.  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 he   c o p p e r - c o n t a i n i n g   p h a s e   w h i c h   s e g r e g a t e s   o u t   f r o m   t h e  

m e l t   i s   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 .  



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  

m e l t i n g   of  s a i d   raw  m a t e r i a l   and  t h e   e l i m i n a t i o n   o f  

c o p p e r   i s   e f f e c t e d   in  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 .  

8 .  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  

any  a r s e n i c   i m p u r i t i e s   in  t h e   l e a d   r a w - m a t e r i a l s   a r e  
a t   l e a s t   p a r t i a l l y   r e m o v e d   by  s u p p l y i n g   to  s a i d   m e l t ,  

w h i l s t   s t r o n g l y   a g i t a t i n g   t h e   s a m e ,   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   form  or  by  c a u s i n g   i r o n   to  be  f o r m e d   i n  

s i t u   in  s a i d   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   t h e r e f r o m   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   o f  

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

and  i s   r e m o v e d .  

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

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

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

s a i d   i r o n   i s   c h a r g e d   to  s a i d   f u r n a c e   in  t h e   form  of  a n  

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 .  

11.   A  m e t h o d   a c c o r d i n g   to  c l a i m   8,  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   f o r m e d   in  s i t u   by  c h a r g 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   or  f e r r o - a l l o y s   h a v i n g   s i l i c o n   or  c a r b o n   in  q u a n -  
t i t i e s   s u c h   t h a t   t h e   i r o n   p r e s e n t   in   t h e   s l a g   i s   r e d u c e d  

ou t   in  a  m e t a l l i c   fo rm  p r i o r   to  t a p p i n g - o f f   t h e   s l a g .  

12.   A  m e t h o d   a c c o r d i n g   to  c l a i m   8,  c h a r a c t e r i z e d   i n 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  8 5 0  -   1 2 0 0 ° C .  
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