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Extraction  process. 

Gold  and/or  other  noble  metals  may  be  recovered  from 
materials  containing  such  metals,  such  as  freshly  mined  ores  or 
ores  and  slimes  resulting  from  previous  extraction  procedures, 
using  an  aqueous  leaching  agent  and  extracting  the  desired 
metal  from  the  resulting  pulp  or  leach  liquor.  The  leaching  agent 
comprises  a  source  of  halide  ions  plus  an  oxidising  agent,  such  as 
nitric  acid. 



T h i s   i n v e n t i o n   r e l a t e s   to  the   r e c o v e r y   of  g o l d  

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

v a l u e s ,   s u c h   as  o r e s   or  g l a c i a l   d e p o s i t s ,   and  i s  

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

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

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

m e t a l s .  

As  the   c h a n c e s   of  f i n d i n g   g o l d   and  o t h e r   n o b l e  

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

i m p l e m e n t a t i o n   of  a  more  e c o n o m i c a l l y   f e a s i b l e   p r o c e s s  
of  r e c o v e r y   a s s u m e s   g r e a t e r   c o m m e r c i a l   s i g n i f i c a n c e .  

P r e v i o u s   a t t e m p t s   have   b e e n   made  to  r e c o v e r   g o l d  

v a l u e s   f rom  o r e s   by  l e a c h i n g   m e t h o d s .  T h u s ,   t h e  

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

o re   w i t h   a q u a   r e g i a ,   a  h i g h l y   c o r r o s i v e   m i x t u r e   o f  

c o n c e n t r a t e d   n i t r i c   a n d  h y d r o c h l o r i c   a c i d .   The  use   o f  

s u c h   a  c h e m i c a l   mix  was  f r a u g h t   w i t h   d i f f i c u l t i e s ,  

i n c l u d i n g   s e r i o u s   d a n g e r   to  workmen   and  was  a b a n d o n e d ,  

as  was  t he   use   of  c h l o r i n e   gas   in  a  s t r o n g   a c i d  

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

Such  p r o c e s s e s   have   e f f e c t i v e l y   been   a b a n d o n e d .  

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

a b o u t   1890  was  the   c y a n i d a t i o n   p r o c e s s .   In  a  t y p i c a l  

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

t h i c k e n i n g   t a n k s ,   t he   t h i c k e n e d   p o r t i o n   is  d r awn   o f f  

f rom  t he   b o t t o m   and  t r a n s f e r r e d   f o r   l e a c h i n g   w i t h   a  

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

to   c y a n i d a t i o n   t a n k s ,   w h e r e ,   a f t e r   a g i t a t i o n   b y  

a e r a t i o n ,   t he   g o l d - b e a r i n g   s o l u t i o n   is  b l e d   o f f   and  t h e  

g o l d   is  r e m o v e d   f rom  the   s o l u t i o n   by  a  c o n t a c t i n g  

p r o c e s s   w i t h   a c t i v a t e d   c a r b o n .   The  g o l d   a d h e r e s   to  t h e  

c a r b o n ,   w h i c h   is  s u b s e q u e n t l y   s e p a r a t e d   f rom  the   s l i m e s  

by  s c r e e n i n g .   T h i s   p r o c e s s   is  l e n g t h y ,   u s u a l l y  

r e q u i r i n g   in  e x c e s s   of  30  h o u r s .  



The  p r e s e n t   i n v e n t i o n   s e e k s   to  o v e r c o m e   t h e s e  

p r o b l e m s .   F u r t h e r m o r e ,   the   p r e s e n t   i n v e n t i o n   s e e k s   t o  

p r o v i d e   a  p r o c e s s   f o r   t he   r e c o v e r y   of  g o l d   a n d / o r   o t h e r  

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

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

can  g i v e   an  e f f e c t i v e   e x t r a c t i o n   in  a  s h o r t   p e r i o d .   I t  

i s   a l s o   p o s s i b l e   f o r   t he   p l a n t   r e q u i r e d   to  be  m o b i l e ,  

s k i d   m o u n t e d   or  e a s i l y   moved  and  o p e r a b l e   on  a  

c o n t i n u o u s   b a s i s .   As  t he   p l a n t   may  be  t o t a l l y   e n c l o s e d  

i t   i s   f r e e   of  e n v i r o n m e n t a l   o b j e c t i o n s   to  fumes   a n d  

l i q u o r   p o l l u t i o n .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   we  p r o v i d e   a  

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

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

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

form  w i t h   an  a q u e o u s   l e a c h i n g   a g e n t   c o m p r i s i n g   a  s o u r c e  

of  h a l i d e   i o n s   and  an  o x i d i s i n g   a g e n t   c a p a b l e   o f  

e n h a n c i n g   t h e   l e a c h i n g   a c t i o n   of  t he   h a l i d e   i o n s   a n d  

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

r e s u l t i n g   p u l p   or  l e a c h   l i q u o r .  

The  m e t a l - c o n t a i n i n g   m a t t e r   can  be  an  o re   w h i c h  

has   b e e n   m i l l e d   or  s c r e e n e d ,   or  o t h e r w i s e   t r e a t e d ,   t o  

r e m o v e   or  r e d u c e   b i g g e r   lumps   of  m a t t e r   u n l i k e l y   to  b e  

n o b l e - m e t a l   b e a r i n g ,   e . g .   l umps   of  g r a n i t e .  

A l t e r n a t i v e l y ,   t h e   m a t t e r   may  be  in  t he   form  of  a  w a s t e  

s a n d   or   s l i m e ,   f r e s h l y   m i n e d   or  w h i c h   p o s s i b l y   has  b e e n  

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

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

The  p r o c e s s   of  t he   i n v e n t i o n   p r e f e r a b l y   e m p l o y s   m a t t e r  

of  c o m p a r a t i v e l y   low  p a r t i c l e   s i z e ,   e . g .   l e s s   t h a n   0 . 5  

mm. 

The  h a l i d e   s o u r c e ,   p r e f e r a b l y   c h l o r i d e   may  b e  

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

m a g n e s i u m   c h l o r i d e   or  p o l a r   o r g a n i c   h a l i d e s .   The  h a l i d e  

c o m p o n e n t   is  p r e f e r a b l y   p r e s e n t   in  a  c o n c e n t r a t i o n   o f  

f rom  3  to   15%  by  w e i g h t   of  t he   l e a c h   s o l u t i o n .   A 



A  m i x t u r e   of  m a t e r i a l s   may  be  u s e d ,   such   as  w a s t e   h a l i d e  

l i q u o r s   r e s u l t i n g   f rom  o t h e r   p r o c e s s e s .   A  p r e f e r r e d  

h a l i d e   is  s o d i u m   c h l o r i d e .  

The  o x i d i z i n g   c o m p o n e n t   of  t he   l e a c h i n g   a g e n t   i s  

p r e f e r a b l y   p r e s e n t   in  an  a m o u n t   of  2  to   15%  by  w e i g h t   o f  

t h e   l e a c h i n g   a g e n t   and  may  be  an  a c i d   s u c h   as  n i t r i c  

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

c o n c e n t r a t i o n   s u c h   as  5  to  12%  by  w e i g h t   of  t he   l e a c h i n g  

a g e n t ,   a l t h o u g h   i t   may  be  n e c e s s a r y   to   i n c r e a s e   t h e  

n i t r i c   a c i d   c o n t e n t ,   f o r   e x a m p l e   up  to  25%,  i f   t h e   o r e  

b e i n g   t r e a t e d   has   an  a l k a l i n i t y   or  c a r b o n a t e   c o n t e n t  

w h i c h   w i l l   c a u s e   i t   to  n e u t r a l i s e   some  of  t h e   n i t r i c  

a c i d   b e i n g   u s e d .   H o w e v e r ,   l e s s   c o r r o s i v e   o x i d i z i n g  

a g e n t s   may  be  e m p l o y e d ,   p r e f e r a b l y   i n o r g a n i c   n i t r a t e s  

( s u c h   as  s o d i u m ,   p o t a s s i u m   or  a m m o n i u m  n i t r a t e ) ,   b u t  

a l s o   o r g a n i c   n i t r a t e s ,   o r g a n i c   or  i n o r g a n i c   p e r o x i d e s ,  

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

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

or  o t h e r   c o n v e n t i o n a l   o x i d i z i n g   a g e n t s   i n c l u d i n g   g a s e o u s  

a i r ,   o z o n e   and  o x y g e n .   When  u s i n g   a  n i t r a t e   as  t h e  

o x i d i z i n g   c o m p o u n d ,   e n h a n c e m e n t   of  t he   l e a c h i n g   a c t i o n  

of  t he   h a l i d e   may  be  o b t a i n e d   by  a d d i n g   l o w  

c o n c e n t r a t i o n s   ( f o r   e x a m p l e   2  to   5%  by  w e i g h t )   of  a c i d  

s u c h   as  n i t r i c   a c i d ,   h y d r o c h l o r i c   a c i d ,   s u l p h u r i c   a c i d  

or  o r g a n i c   a c i d s   or  by  a d d i n g   low  c o n c e n t r a t i o n s   o f  

o t h e r   c o n v e n t i o n a l   o x i d i z i n g   a g e n t s   as  m e n t i o n e d   a b o v e .  

I t   has   b e e n   f o u n d   t h a t   a  m i x t u r e   of  a c i d s   g i v e s  

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

n i t r i c   a c i d   p l u s   s u l p h u r i c   a c i d   s u i t a b l y   w i t h   a  h a l i d e  

s u c h   as  s o d i u m   c h l o r i d e   as  the   o t h e r   c o m p o n e n t   of  t h e  

l e a c h i n g   a g e n t .  

The  l e a c h i n g   is  p r e f e r a b l y   c a r r i e d   o u t   a t   a  pH 

no t   e x c e e d i n g   3 . 5 .   The  l e a c h i n g   is  p r e f e r a b l y   c a r r i e d  

o u t   a t   a  t e m p e r a t u r e   in  t he   r a n g e   of  45°  to   9 5 ° C ,   f o r  



e x a m p l e   a b o u t   90°C .   I t   is  d e s i r a b l e   t h a t   t he   s u b s e q u e n t  

e x t r a c t i o n   of  m e t a l   v a l u e s   is  c a r r i e d   ou t   at  a  l o w e r e d  

t e m p e r a t u r e ,   p r e f e r a b l y   in  t he   r a n g e   of  20°C  to  4 5 ° C .  

The  m e t a l   v a l u e s   may  be  e x t r a c t e d   f rom  the   p u l p  

or   l i q u o r   f rom  the   l e a c h i n g   s t e p   in  s e v e r a l   w a y s .  

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

t h e   l e a c h   l i q u o r   w i t h   a  s o l v e n t   w h i c h   can  be  r e a d i l y  

r e c o v e r e d   f o r   r e u s e .   The  p r e f e r r e d   s o l v e n t   is  m e t h y l  

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

a  r e s i d u e   of  h i g h   p u r i t y   m e t a l ,   p r e f e r a b l y   g o l d .   O t h e r  

s o l v e n t s   s u c h   as  d i i s o b u t y l   k e t o n e ,   amyl  a c e t a t e ,   a m y l  

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

a c e t o n e ,   c h l o r o f o r m ,   b u t y l   a c e t a t e ,   m e t h y l   n - h e x y l  

k e t o n e ,   e t h y l   a c e t a t e   and  k e r o s e n e   may  be  e m p l o y e d .   T h e  

m o s t   s u i t a b l e   s o l v e n t s   a r e   t h o s e   w i t h   min imum  s o l u b i l i t y  

in  w a t e r ,   a c i d   s o l u t i o n s ,   s a l t   s o l u t i o n s   or  any  o t h e r  

r e s u l t a n t   l e a c h   s o l u t i o n .  

A l t e r n a t i v e l y   t he   m e t a l   v a l u e s   may  be  e x t r a c t e d  

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

a c t i v a t e d   c a r b o n ,   w h i c h   can  be  r e a d i l y   c o m m e r c i a l l y  

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

be  e m p l o y e d   c a p a b l e   of  a c t i n g   as  p r e c i p i t a n t s ,   such   a s  

o x a l i c   a c i d .   M e t h o d s   of  s u b s e q u e n t l y   r e c o v e r i n g   g o l d  

f r o m   an  a c t i v a t e d   m a t e r i a l   such   as  c h a r c o a l   a r e   w e l l  

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

s u c h   as  s t r i p p i n g   w i t h   h y d r o g e n   c y a n i d e   or  n i t r i c   a c i d  

or  o t h e r   c o n c e n t r a t e d   a c i d   or  a l k a l i n e   m a t e r i a l s ,  

d e p o s i t i o n   u s i n g   z i n c   c h i p s   and  e l e c t r o l y t i c   p r o c e d u r e s  

s u c h   as  t h e   w e l l   known  Z a d r a   p r o c e s s .  

A l t e r n a t i v e l y ,   when  t h e   m e t a l   b e i n g   e x t r a c t e d   i s  

g o l d ,   t h e   g o l d   may  be  e x t r a c t e d   f rom  t h e   p u l p   or  l i q u o r  

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

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

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

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



c o m p l e x i n g   a g e n t   is  p r e f e r a b l y   R h o d a m i n e   B  w h i c h   can  b e  

u s e d   in  e i t h e r   o i l - s o l u b l e   or  w a t e r - s o l u b l e   form  but   c a n  

a l s o   be  a n o t h e r   o r g a n i c   c o m p l e x i n g   a g e n t   s u c h   a s  

5 - ( 4 - d i m e t h y l a m i n o b e n z y l i d e n e )   ( R h o d a n i n e ) .  

The  a c t i v a t e d   m a t e r i a l   u s e d   to  r e c o v e r   the   g o l d  

f rom  t he   o r g a n i c   c o m p l e x i n g   a g e n t   is  s u i t a b l y   a c t i v a t e d  

c a r b o n   or  c e l l u l o s e   c h a f f ,   w h i c h   may  be  r e g e n e r a t e d   f o r  

r e u s e   as  d e s c r i b e d   a b o v e .  

I f   d e s i r e d   an  e x t r a c t i n g   s o l v e n t ,   s u c h   as  m e t h y l  

i s o b u t y l   k e t o n e ,   and  a  g o l d   c o m p l e x i n g   a g e n t   s u c h   a s  

R h o d a m i n e   B  may  be  u s e d   t o g e t h e r .  

The  e x t r a c t i o n ,   by  any  of  t he   a b o v e   m e t h o d s ,   i s  

p r e f e r a b l y  c a r r i e d   ou t   by  p a s s i n g   the   p u l p   or  l e a c h  

l i q u o r   in  c o c u r r e n t   or  c o u n t e r c u r r e n t   t h r o u g h   a  

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

l i q u i d   p h a s e   c o m p r i s i n g   an  e x t r a c t a n t   f o r   t he   m e t a l  

v a l u e s .   A  p r e f e r r e d   c o n t a c t o r   i s   of  t he   s o l i d s - l i q u i d  

b u c k e t   c o n t a c t o r   t y p e ,   f o r   e x a m p l e   as  d e s c r i b e d   in  G . B .  

P a t e n t   S p e c i f i c a t i o n   No.  1 , 1 4 5 , 8 9 4   and  U . S .  

S p e c i f i c a t i o n   No.  3 , 6 4 9 , 2 0 9 .   H o w e v e r   t h e  p r o c e s s   may  b e  

c a r r i e d   ou t   by  o t h e r   m e t h o d s ,   s u c h   as  t he   use   of  a  

v e r t i c a l   s t i r r e d   and  h e a t e d   l e a c h   t a n k   or  a  h o r i z o n t a l  

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

A k i n s   c l a s s i f i e r .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  o f  

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

e x a m p l e s .  

In  t he   d r a w i n g s ,   F i g u r e s   1  to   4  a r e   f l o w  

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

a c c o r d a n c e   w i t h   d i f f e r e n t  e m b o d i m e n t s   of  t he   i n v e n t i o n .  

R e f e r r i n g   to   F i g u r e   1,  g o l d - c o n t a i n i n g   m a t e r i a l  

to   be  p r o c e s s e d   is  i n t r o d u c e d   on  l i n e   2  to   a  m i x e r   4 

w i t h   a  s u i t a b l y   low  p a r t i c l e   s i z e   of  l e s s   t h a n   0 . 5   mm. 

D e p e n d e n t   on  the   s t a r t i n g   m a t e r i a l ,   w h i c h   may  f o r  

e x a m p l e   be  a  s a n d ,   s l i m e   or  n e w l y   m i n e d   o r e ,   p r e l i m i n a r y  



s t e p s   s u c h   as  c o n c e n t r a t i o n ,   or  s t e p s   to  r e m o v e   o v e r s i z e  

m a t e r i a l   s u c h   as  s c r e e n i n g   or  t h e   use   of  h y d r o c y l o n e s ,  

may  h a v e   b e e n   c a r r i e d   o u t .   L e a c h i n g   a g e n t ,   s u i t a b l y  

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

i n t r o d u c e d   to  t he   m i x e r   4  on  l i n e   6.  The  m i x t u r e   i n  

m i x e r   4  is   s u b j e c t e d   to  c o n t i n u o u s   t h o r o u g h   s t i r r i n g   a n d  

h e a t i n g .  

M i x t u r e   is  w i t h d r a w n   on  l i n e   8  v i a   pump  10  a n d  

e n t e r s   c o n t a c t o r   12  h a v i n g   f i r s t   p a s s e d   t h r o u g h  

d e a e r a t o r   11,   i n t e n d e d   to  a s s i s t   in  m i n i m i s i n g   p r o b l e m s  

w i t h   c o n t a m i n a n t   f l o t a t i o n   in  t he   c o n t a c t o r .   C o n t a c t o r  

1 2  m a y   s u i t a b l y   be  of  t he   s o l i d s - l i q u i d   b u c k e t   c o n t a c t o r  

t y p e   d e s c r i b e d   in   G.B.   P a t e n t   No.  1 , 1 4 5 , 8 9 4   and  U . S .  

S p e c i f i c a t i o n   No.  3 , 6 4 9 , 2 0 9 ,   b u t   o t h e r   c o n t a c t i n g  

m e t h o d s   may  be  e m p l o y e d ,   s u c h   as  a  h o r i z o n t a l   c o n t a c t o r  

w i t h   a  s c r e w   c o n v e y o r   or  an  A k i n s   c l a s s i f i e r .   A c t i v a t e d  

c a r b o n ,   c e l l u l o s e   c h a f f ,   or  o t h e r   s u i t a b l e   a c t i v a t e d  

m a t e r i a l ,   i s   i n t r o d u c e d   to  c o n t a c t o r   12  on  l i n e   14  a n d  

p r e f e r a b l y   t r a v e l s   c o c u r r e n t   w i t h   t he   m i x t u r e   o f  

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

c o n t a c t o r .   I f   d e s i r e d ,   t h e   s t r e a m s   of  a c t i v a t e d  

m a t e r i a l   and  t h e   m i x t u r e   may  be  i n t r o d u c e d   a t   o p p o s i t e  

e n d s   of  t h e   c o n t a c t o r   12  and  f l o w   in  c o u n t e r c u r r e n t .  

The  a c t i v a t e d   m a t e r i a l   s u i t a b l y   has   a  s p e c i f i c   g r a v i t y  

of  a b o u t   0 .6   and  n o t   more   t h a n   1 . 2   when  f u l l y   l o a d e d .  

As  t h e   m i x t u r e   of  g o l d - b e a r i n g   m a t e r i a l   and  l e a c h i n g  

a g e n t   i n i t i a l l y   w i l l   s u i t a b l y   have   a  s p e c i f i c   g r a v i t y   o f  

a b o u t   1 .3   to   1 . 8 ,   t he   d i f f e r e n c e   in  s p e c i f i c   g r a v i t i e s  

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

a g e n t   m i x t u r e   r e a d i l y   s e p a r a t e ,   so  t h a t   e a c h   can  b e  

d r a w n   s e p a r a t e l y   f rom  t h e   c o n t a c t o r   12.  F u r t h e r m o r e ,  

t h e   a c t i v a t e d   m a t e r i a l   is  u n a f f e c t e d   by  t h e  

c o n c e n t r a t i o n s   of  n i t r i c   a c i d   u s e d   in  t he   p r o c e s s .   T h e  

f l o w   r a t e   t h r o u g h   c o n t a c t o r   12  can   v a r y   bu t   a  s u i t a b l e  

r e s i d e n c e   t i m e   is   f rom  2  to   6  h o u r s .   The  c o n t a c t i n g   i s  



p r e f e r a b l y   c a r r i e d   ou t   at  a  t e m p e r a t u r e   o f  f r o m   3 0 ° C  

(more   p r e f e r a b l y   50°C)   to   95°C .   H e a t i n g   of  c o n t a c t o r   12  

can  be  c a r r i e d   ou t   by  any  s u i t a b l e   m e a n s ,   f o r   e x a m p l e   b y  

a p p l y i n g   s t e a m   p a n e l s   to  the   c o n t a c t o r   1 2 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t ,   i n s t e a d   of  c a r r y i n g  

out   b o t h   l e a c h i n g   and  t r e a t m e n t   w i t h   a c t i v a t e d   m a t e r i a l  

in  a  s i n g l e   c o n t a c t o r   12,  two  c o n t a c t o r s   c o u l d   b e  

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

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

l i q u o r   f r e e d   at  l e a s t   p a r t l y   f rom  s o l i d s   is  p a s s e d   to  a  

s e c o n d   c o n t a c t o r   f o r   c o n t a c t   w i t h   t he   a c t i v a t e d  

m a t e r i a l .  

The  a c t i v a t e d   m a t e r i a l   b e a r i n g   the   e x t r a c t e d  

g o l d   v a l u e s   l e a v e s   t h e   c o n t a c t o r   12  on  l i n e   16  a n d  

p a s s e s   v i a   l i n e   31  to   s c r e e n   and  l i q u o r   t a n k   u n i t   1 8 .  

The  l i q u o r   p a s s i n g   t h r o u g h   t he   s c r e e n   is  r e c y c l e d   o n  

l i n e   42  to  t he   l e a c h i n g   a g e n t   f e e d   to  m i x e r   4.  T h e  

a c t i v a t e d   m a t e r i a l   and  g o l d   v a l u e s   p a s s   on  l i n e   44  t o  

t r e a t m e n t   u n i t   46  w h e r e   t h e   g o l d   v a l u e s   a r e   r e c o v e r e d   b y  

any  s u i t a b l e   m e a n s ,   s u c h   as  c a l c i n i n g ,   s t r i p p i n g   w i t h  

h y d r o g e n   c y a n i d e   or  n i t r i c   a c i d ,   d e p o s i t i o n   o r  

e l e c t r o l y t i c   p r o c e s s e s .   Gold   v a l u e s   a r e   w i t h d r a w n   o n  

l i n e   20,  w h i l e   r e c o v e r e d   a c t i v a t e d   m a t e r i a l   is  r e c y c l e d  

on  l i n e   22  to  l i n e   14.  A l t e r n a t i v e l y   u n i t   46  may  s i m p l y  

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

the   p l a n t .   M a k e - u p   a c t i v a t e d   c a r b o n ,   c e l l u l o s e   c h a f f   o r  

o t h e r   a c t i v e   m a t e r i a l   is  s u p p l i e d   on  l i n e   24.   In  a n  

a l t e r n a t i v e   p r o c e s s ,   t h e   use   of  a c t i v a t e d   m a t e r i a l   i n  

c o n t a c t o r   12  is  r e p l a c e d   by  t he   use   in  p r o c e s s i n g   u n i t  

18  of  o x a l i c   a c i d ,   u s e d   in  s t o i c h i o m e t r i c   e x c e s s   to  t h e  

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

g o l d .  

The  s p e n t   l i q u o r   and  o r e ,   s and   or  s l i m e   a r e  

w i t h d r a w n   f rom  c o n t a c t o r   12  on  l i n e   26.  Any  r e m a i n i n g  

c a r b o n   is  d r awn   o f f   v i a   s c r e e n   28  and  j o i n e d   v i a   l i n e   30  



w i t h   t h e   c a r b o n   f l o w   in  l i n e   16.   A l t e r n a t i v e l y   c a r b o n  

on  l i n e   30  may  be  p a s s e d   d i r e c t l y   to  t r e a t m e n t   u n i t   4 6 .  

The  r e m a i n i n g   m a t e r i a l   p a s s e s   t h r o u g h   d e s a n d e r   3 2 .  

S p e n t   p u l p   is   w i t h d r a w n   on  l i n e   34.  D e p e n d e n t   on  t h e  

n a t u r e   of  t h e   w a s t e   and  r e g u l a t i o n s   g o v e r n i n g   i t s  

d i s p o s a l ,   i t   may  be  d e s i r a b l e   to  add  l i m e ,   or  o t h e r  

n e u t r a l i s i n g   a g e n t ,   on  l i n e   36.  The  u s e d   l e a c h i n g   a g e n t  

is   r e c y c l e d   v i a   l i n e   38  to  l i n e   6.  M a k e - u p   l e a c h i n g  

a g e n t   is   a d d e d   on  l i n e   4 0 .  

R e f e r r i n g   to  F i g u r e   2,  g o l d - c o n t a i n i n g   m a t e r i a l  

to  be  p r o c e s s e d   is   i n t r o d u c e d ,   as  o re   or  a  s l i m e   s l u r r y ,  

on  l i n e   100  and  p a s s e s   t h r o u g h   a  24  mesh   s c r e e n   102  t o  

g i v e   a  s u i t a b l y   low  p a r t i c l e   s i z e ,   e . g .   l e s s   t h a n   0 . 5  

mm.  The  s c r e e n e d   m a t e r i a l   p a s s e s   on  l i n e   103  t o  

t h i c k e n e r   u n i t   104  ( p r o v i d e d   w i t h   an  o v e r f l o w   l i n e   1 3 4  

to   r e m o v e   e x c e s s   s l u r r y   w a t e r   or  b r i n e )   and  t h e n c e   o n  

l i n e   105  to  v e r t i c a l l y   a r r a n g e d   h e a t e d   l e a c h   t a n k   1 0 6 .  

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

and  a  s o u r c e   of  h a l i d e   i o n s   is  m i x e d   v i a   l i n e   107  w i t h  

t h e   t h i c k e n e d   m a t e r i a l   in  l i n e   103  p r i o r   to  e n t r y   t o  

l e a c h   t a n k   1 0 6 .   Make  up  n i t r i c   a c i d   and  h a l i d e   a r e  

i n t r o d u c e d   to  t a n k   106  on  l i n e s   141  and  142 .   T h e  

c o n t e n t s   of  l e a c h   t a n k   106  a r e   s u b j e c t e d   to  i n t e n s i v e  

m i x i n g   and  a l s o   h e a t e d ,   f o r   e x a m p l e   to  a b o u t   9 0 ° C ,   b y  

s u i t a b l e   m e a n s ,   s u c h   as  t h e   p r o v i s i o n   of  a  s t e a m   j a c k e t  

( n o t   shown)   w i t h   s t e a m   i n t r o d u c e d   f rom  b o i l e r   108  o n  

l i n e   1 0 9 .   U n d e r   t h e s e   c o n d i t i o n s ,   t he   l e a c h   t i m e   i s  

g r e a t l y   r e d u c e d ,   f o r   e x a m p l e   in  t h e   r a n g e   of  20  m i n s .   t o  

3  h o u r s .  

T h e  m a t e r i a l   f r om  t a n k   106  p a s s e s   v i a   d e a e r a t o r  

110  ( w h i c h   may  be  d i s p e n s e d   w i t h   d e p e n d e n t   on  t h e  

m a t e r i a l s   e m p l o y e d )   on  l i n e   111  to   a  h o r i z o n t a l l y  

a r r a n g e d   p r i m a r y   d e c a n t e r   112 ,   w h i c h   is  f i t t e d   w i t h   a  

p l u r a l i t y   of  w e i r s   113 .   A d d i t i o n a l   l e a c h i n g   a g e n t   a n d  

b r i n e   may  be  a d d e d   to   d e c a n t e r   112  on  l i n e   114.   B o t h  



l i n e   114  and  d e c a n t e r   112  may  a l s o   be  h e a t e d   by  s t e a m  

p r o v i d e d   f rom  b o i l e r   108  v i a   s t e a m   s u p p l y   l i n e   115  a n d  

c o n d e n s a t e  r e t u r n   l i n e   116 .   S o l i d s   r e m o v e d   by  t h e  

a c t i o n   of  w e i r s   113  is  c o m b i n e d   and  w i t h d r a w n   on  l i n e  

117  to   a  n e u t r a l i s a t i o n   and  d i s c h a r g e   t a n k   118  a n d  

f i n a l l y   d i s c h a r g e d   f rom  t a n k   118  on  l i n e   1 1 9 .  

N e u t r a l i s a t i o n   may  be  w i t h   l i m e   or  o t h e r   n e u t r a l i s i n g  

a g e n t   d e p e n d e n t   on  t he   n a t u r e   of  the   w a s t e   a n d  

r e g u l a t i o n s   g o v e r n i n g   i t s   d i s p o s a l .  

I t   is   to  be  n o t e d   t h a t ,   as  the   l e a c h i n g   i s  

c a r r i e d   ou t   a t   e l e v a t e d   t e m p e r a t u r e   in  t a n k   1 0 6 ,  

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

s o l i d s   f rom  t he   l e a c h   l i q u o r ,   so  t h a t ,   in  c e r t a i n  

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

d e c a n t e r   112  and  w i t h d r a w   s o l i d s   and  l e a c h   l i q u o r  

d i r e c t l y   f rom  t a n k   1 0 6 .  

The  l e a c h   l i q u o r   f rom  d e c a n t e r   112  l e a v e s   o n  

l i n e   120  and  p a s s e s   to  a  s o l i d s - l i q u i d   s e p a r a t o r   1 2 1  

w h i c h   is  of  t h e   s e t t l i n g   t y p e   or  may  be  an  a l t e r n a t i v e  

t y p e   of  s o l i d s - l i q u i d   s e p a r a t o r .   S o l i d s   is  w i t h d r a w n   o n  

l i n e   122  to   n e u t r a l i s a t i o n   and  d i s c h a r g e   t a n k   118  f o r  

f i n a l   d i s c h a r g e   on  l i n e   119 .   The  c l e a r   l i q u o r   f r o m  

s e p a r a t o r   121  p a s s e s   on  l i n e   123  to   h e a t   e x c h a n g e r   1 2 4  

w h e r e   i t   is  c o o l e d ,   f o r   e x a m p l e   to  no  h o t t e r   t h a n   4 0 ° C  

f o r   p a s s a g e   v i a   l i n e   125  to   c o m p l e x i n g   v e s s e l   1 2 6 .  

V e s s e l   126  may  t a k e   the   f o rm  of  a  m i x e r   s e t t l e r ,   c o l u m n  

or  a  G r a e s s e r   b u c k e t   c o n t a c t o r   or  o t h e r   t y p e   o f  

c o n t a c t o r .   The  l i q u o r   is  c o n t a c t e d   in  c o u n t e r c u r r e n t  

f a s h i o n   in  v e s s e l   126  w i t h   a  s u p p l y   o f ,   f o r   e x a m p l e ,   t h e  

c o m m e r c i a l l y   a v a i l a b l e   o i l   s o l u b l e   form  of  t h e  

c o m p l e x i n g   a g e n t   R h o d a m i n e   B,  s u p p l i e d   f rom  d o s e r   1 2 7  

v i a   l i n e s   128  and  129  in  an  o r g a n i c   c a r r i e r   s u c h   a s  

amyl   a c e t a t e ,   m e t h y l   i - b u t y l k e t o n e   or  t he   l i k e ,   or  a  

m i x t u r e   t h e r e o f ,   w h i c h   c a r r i e r   is  s e l e c t e d   so  as  to  h a v e  

low  s o l u b i l i t y   in  a q u e o u s - a c i d   s o l u t i o n .   The  R h o d a m i n e  



B  c o m p l e x e s   s p e c i f i c a l l y   w i t h   t he   g o l d   v a l u e s   w h i c h   a r e  

t h e n   w i t h d r a w n   on  l i n e   130 ,   w h i l e   d i s c a r d e d   l i q u o r  

l e a v e s   on  l i n e   131  f o r   r e c y c l e .  

T h e  o r g a n i c   c o m p l e x   p h a s e   t h e n   p a s s e s   to  a  

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

u s e d   to   r e c o v e r   t he   g o l d   v a l u e s .   In  the   fo rm  shown  i n  

t h e   d r a w i n g ,   two  f i x e d   b e d s   132  and  133  of  a c t i v a t e d  

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

R e c o v e r e d   o r g a n i c   c o m p l e x i n g   a g e n t   is  r e t u r n e d   t o  

c o m p l e x i n g   v e s s e l   126  on  l i n e   129 .   The  a c t i v a t e d   c a r b o n  

w i t h   a d s o r b e d   g o l d   v a l u e s   may  be  t r e a t e d   in  any  s u i t a b l e  

way  to   r e c o v e r   t h e   g o l d .   I t   is  to  be  n o t e d   t h a t   o n l y  

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

a d s o r p t i o n   s t a g e   and  so  t h e   c a r b o n   does   n o t   b e c o m e  

c l o g g e d   and  has   a  l o n g   u s e f u l   l i f e   and  can   be  u s e d   t o  

g r e a t e r   e f f i c i e n c y   to  a d s o r b   l a r g e   a m o u n t s   of  g o l d  .   I t  

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

of  up  t o   500  oz  g o l d   p e r   t on   of  c a r b o n .   F u r t h e r   t h e  

a c t i v a t e d   c a r b o n   is   no t   a g i t a t e d ,   w h i c h   a i d s   c l e a n  

s e p a r a t i o n   a f t e r   a d s o r p t i o n   of  t he   g o l d   v a l u e s .  

F u r t h e r ,   t h e   o r g a n i c   c o m p l e x i n g   a g e n t   r e a d i l y   s e p a r a t e s  

t h e r e f r o m .   The  c o n s u m p t i o n   of  o r g a n i c   c o m p l e x i n g   a g e n t  
i s   r e l a t i v e l y   low  as  i t   can  be  e f f i c i e n t l y   r e c y c l e d .  

A p p r o x i m a t e l y   5  to   10  p a r t s   by  w e i g h t   of  o i l - s o l u b l e  

R h o d a m i n e   B  p e r   1  p a r t   of  g o l d   c h l o r i d e   p r e s e n t   in  t h e  

l i q u o r   i s   s u i t a b l y   e m p l o y e d   in  t he   c o m p l e x i n g   s t a g e .  

W h i l e   t h e   d r a w i n g   i l l u s t r a t e s   t he   p r o v i s i o n   o f  

s t e a m   h e a t i n g   f o r   l e a c h   t a n k   106  and  d e c a n t e r   112  f r o m  

s t e a m   b o i l e r   1 0 8 ,   i t   may  a l s o   be  e x p e d i e n t   to  h e a t  

t h i c k e n e r   u n i t   104  a n d / o r   to  i n s u l a t e   a l l   t h r e e   v e s s e l s .  

F u r t h e r ,   to   m i n i m i s e   t h e   e n e r g y   r e q u i r e m e n t s   of  t h e  

s y s t e m ,   t h e   b r i n e   a n d / o r   w a t e r   o v e r f l o w   f rom  t h i c k e n e r  

u n i t   104  i s   w i t h d r a w n   on  l i n e   134  and  p a s s e s   to  h e a t  

e x c h a n g e r   124  w h e r e   t he   l i q u i d   is  h e a t e d   by  e x c h a n g e  

w i t h   t h e   g o l d - b e a r i n g   l i q u o r   f l o w   in  l i n e   123 .   T h e  



h e a t e d   b r i n e   a n d / o r   w a t e r   p a s s e s   on  l i n e   135  to   a  

f u r t h e r   h e a t   e x c h a n g e r   136  and  is  r e t u r n e d   to  s l u r r y  

v e s s e l   104  on  l i n e   140 .   L i n e   140  has   a  b l e e d - o f f   s t r e a m  

144  w h i c h   may  be  u s e d   i f   t h e r e   is  need   to  r e d u c e   t h e  

v o l u m e   of  s l i m e s   in  t he   s y s t e m .   S p e n t   l i q u o r   on  l i n e  

131  a c q u i r e s   some  h e a t   by  p a s s a g e   t h r o u g h   h e a t   e x c h a n g e r  

136  and  t h e n   p a s s e s   v i a   l i n e   137  to   h e a t   e x c h a n g e r   138  

w h i c h   is  h e a t e d   f rom  b o i l e r   108  and  s e r v e s   to  h e a t   t h e  

r e t u r n   l i q u o r   to  t he   d e s i r e d   t e m p e r a t u r e   f o r   r e c y c l e   o n  

l i n e   107  to  t he   i n c o m i n g   t h i c k e n e d   f e e d   in  l i n e   1 0 5 .  

C o n d e n s e d   s t e a m   l e a v e s   on  l i n e   139 .   L i n e s   1 3 5 ,   137  a n d  

107  may  be  i n s u l a t e d   to  m i n i m i s e   h e a t   l o s s .  

T u r n i n g   now  to  F i g u r e   3,  g o l d   b e a r i n g   m a t e r i a l ,  

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

d e s c r i b e d   a b o v e   in  c o n n e c t i o n   w i t h   F i g u r e s   1  and  2,  a n d  

s u i t a b l y   in  t he   f o rm  o f  a   p u l p   w i t h   b r i n e ,   is  i n t r o d u c e d  

on  l i n e   220  to  a  s t i r r e d   l e a c h i n g  v e s s e l   222  to   w h i c h   i s  

s u p p l i e d   an  o x i d i s i n g   a g e n t   on  l i n e   224,   s u i t a b l y   n i t r i c  

a c i d .   A l t e r n a t i v e l y   o t h e r   o x i d i s i n g   a g e n t s   or  m i x t u r e s  

of  o x i d i s i n g   a g e n t s   may  be  e m p l o y e d   as  d e s c r i b e d   a b o v e .  

I t   may  be  p o s s i b l e   to  add  g o l d   b e a r i n g   m a t e r i a l ,   b r i n e  

and  a c i d   d i r e c t l y   to  l e a c h   v e s s e l   222  w i t h o u t  

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

in  r e l e a s i n g   t he   g o l d   a r e   no t   e n c o u n t e r e d .   Thus   w i t h  

f r i a b l e   o r e s ,   h i g h   s p e e d   s t i r r i n g   of  t he   l e a c h   v e s s e l  

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

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

d e f l o c c u l a t i n g   t h e   p a r t i c l e s .   L e a c h i n g   v e s s e l   222  m a y  

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

m a t e r i a l s   to  r e s i s t   c o r r o s i o n .   I t   may  be  h e a t e d   by  a n y  
s u i t a b l e   m e a n s ,   s u c h   as  by  h e a t i n g   c o i l s   w i t h   s t e a m   o r  

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

90°C  so  as  to  g i v e   a  s a t i s f a c t o r y   l e a c h   t i m e ,   f o r  

e x a m p l e   f r o m   20  m i n s .   to   3  h o u r s .   The  c o n c e n t r a t i o n   o f  

b r i n e   and  o x i d i z i n g   a g e n t   in  l e a c h i n g   v e s s e l   222  c a n  



v a r y   w i d e l y .   For   e x a m p l e ,   a  s u i t a b l e   c o n t e n t   of  n i t r i c  

a c i d   is   f r o m   5  to   12%  by  w e i g h t   of  t he   a q u e o u s   m e d i u m ,  

a l t h o u g h   t h i s   may  be  i n c r e a s e d ,   f o r   e x a m p l e   up  to  2 5 % ,  

i f   t h e   o r e   b e i n g   t r e a t e d   has   an  a l k a l i n i t y   or  c a r b o n a t e  

c o n t e n t   w h i c h   w i l l   c a u s e   i t   to  n e u t r a l i s e   some  of  t h e  

n i t r i c   a c i d   b e i n g   u s e d .   L i k e w i s e ,   t he   b r i n e   c o n t e n t   m a y  

v a r y   f r o m   v e r y   d i l u t e   to  s a t u r a t e d ,   b u t   is  p r e f e r a b l y   i n  

t h e   r a n g e   of  f r o m   5  to   30%.  As  an  e x a m p l e ,   l e a c h   t a n k  

222  may  c o n t a i n   a  s o l u t i o n   of  s o l u b l e   i n o r g a n i c  

c h l o r i d e s   ( e . g .   s o d i u m ,   m a g n e s i u m   and  p o t a s s i u m )   in  u p  

to   15%  n i t r i c   a c i d .   The  o r e   and  l e a c h i n g   a g e n t   may  b e  

s t i r r e d   f o r   a b o u t   30  m i n s   w i t h   a  s t i r r e r   s h a f t   s p e e d   o f  

5000  r p m .  

A n a l y s e s   of  n i t r i c   a c i d   and  c h l o r i d e   c o n t e n t s   i n  

t a n k   222  may  be  c a r r i e d   ou t   and  p r e v i o u s   a n a l y s i s   of  t h e  

c a r b o n a t e   and  s u l p h i d e   c o n t e n t   of  t he   o re   e n a b l e  

a d j u s t m e n t   of  t h e   a c i d   a d d e d   to  g i v e   a  f i n a l   l e a c h  

a c i d i t y   of  15%  HN03.  A  t y p i c a l   mix  in  t a n k   222  is   o r e  

( d r y )   6  kg,   s o d i u m   c h l o r i d e   2 .5   kg  and  15%  n i t r i c   a c i d  

18  l i t r e s .  

The  l e a c h e d   s l u r r y   p a s s e s   f rom  v e s s e l   222  o n  

l i n e   226  to   c o o l i n g   t a n k s   228  w h e r e   t he   s l u r r y   i s  

c o o l e d ,   s u i t a b l y   by  h e a t   e x c h a n g e .   C o o l i n g   t a n k s   2 2 8  

may  be  l i n e d   w i t h   c o r r o s i o n   r e s i s t a n t   m a t e r i a l s   s u c h   a s  

p o l y t h e n e   and  p o l y b u t a d i e n e   and  may  be  s t i r r e d .  

P r e f e r a b l y   t h e  s l u r r y   is  c o o l e d   to  a  t e m p e r a t u r e   of  4 5 ° C  

or   l e s s   b e f o r e   b e i n g   p a s s e d   on  l i n e   230  to   a  c o n t a c t o r  

2 3 2 .   T a n k s   228  may  a c t   as  s e t t l i n g   t a n k s   so  t h a t   t h e  

m a t e r i a l   p a s s e d   on  l i n e   230  is   a  r i c h   l i q u o r   s e p a r a t e d  

f r o m   r e s i d u a l   o r e .   C o n t a c t o r   232  is  p r e f e r a b l y   a  b u c k e t  

c o n t a c t o r ,   f o r   e x a m p l e ,   as  d e s c r i b e d   in  G .B .   P a t e n t  

S p e c i f i c a t i o n   No.  1 1 4 5 8 9 4   and  U . S .   S p e c i f i c a t i o n   N o .  

3 6 4 9 2 0 9 .   H o w e v e r   t h e   c o n t a c t i n g   may  be  c a r r i e d   ou t   b y  

o t h e r   e q u i p m e n t ,   s u c h   as  an  A k i n s   c l a s s i f i e r .  

In  c o n t a c t o r   232 ,   t he   l e a c h   l i q u o r   is  c o n t a c t e d  



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

c o n t a c t o r   on  l i n e   234 .   As  an  e x a m p l e ,   a  6"  b u c k e t  

c o n t a c t o r   may  be  u s e d   w i t h   a  f l o w   r a t e   of  60  l i t r e s   p e r  
h o u r   and  a  r o t a t i o n   s p e e d   of  6  to   8  rpm.  E x t r a   c o o l i n g  

may  be  s u p p l i e d   by  h e a t   e x c h a n g e   w i t h   c o l d   b r i n e .  

S o l v e n t   may  be  s u p p l i e d   to  t he   c o n t a c t o r   at   a b o u t   6  t o  

15  l i t r e s   p e r   h o u r .   The  p r e f e r r e d   s o l v e n t   is  m e t h y l  

i s o b u t y l   k e t o n e ,   a l t h o u g h   o t h e r   s o l v e n t s   may  b e  

e m p l o y e d ,   w i t h   or  w i t h o u t   t h e   a d d i t i o n   of  a  g o l d  

c o m p l e x i n g   a g e n t ,   as  d e s c r i b e d   a b o v e .   As  a  f u r t h e r  

e x a m p l e ,   the   r a t e   of  l i q u i d   f l o w   t h r o u g h   the   c o n t a c t o r  

may  be  of  the   o r d e r   of   120  l i t r e s   p e r   h o u r   w i t h   a  v o l u m e  

r a t i o   of  l e a c h   l i q u o r   to  s o l v e n t   of  a b o u t   1 0 : 1   and  a  

r e t e n t i o n   t i m e   in  t he   c o n t a c t o r   of  a b o u t   10  m i n u t e s .  

The  m e t h y l   i s o b u t y l   k e t o n e   c a r r y i n g   e x t r a c t e d   g o l d  

v a l u e s   l e a v e s   c o n t a c t o r  2 3 2   on  l i n e   236  and  p a s s e s   t o  

s o l v e n t   s t i l l   238  w h e r e   t h e   m e t h y l   i s o b u t y l   k e t o n e   i s  

d i s t i l l e d   by  h e a t i n g   to  i t s   b o i l i n g   p o i n t   of  103  t o  

1 0 6 ° C .   A f t e r   a d d i t i o n   of  a l k a l i   to  n e u t r a l i s e   t he   a c i d  

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

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

s t i l l   238 .   We  have   f o u n d   t he   g o l d   to  be  of  h i g h   p u r i t y  

of  a t   l e a s t   80%  and  u s u a l l y   of  95  to   100%  p u r i t y .   I f  

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

can   be  r e m o v e d ,   f o r   e x a m p l e   by  w a s h i n g   a n d / o r   c a l c i n i n g .  

As  an  a l t e r n a t i v e   to  d i s t i l l i n g   o f f   the   m e t h y l   i s o b u t y l  

k e t o n e   s o l v e n t ,   t he   s o l v e n t   may  be  h e a t e d ,   f o r  e x a m n l e  

up  to   90°C ,   at   w h i c h   t e m p e r a t u r e   t he   g o l d   i s  

p r e c i p i t a t e d   as  a  h i g h   p u r i t y   f i n e   p o w d e r .  

The  d i s t i l l e d   m e t h y l   i s o b u t y l   k e t o n e   i s  

l i q u i f i e d   in  c o n d e n s e r   240  and  c o l l e c t s   in  s o l v e n t   t a n k  

242  f o r   r e c y c l e   to  c o n t a c t o r   232  on  l i n e   234 .   T h i s  

s i m p l e   r e c o v e r y   of  s o l v e n t   by  d i s t i l l a t i o n   is  e f f i c i e n t  

and  g i v e s   a  low  l o s s   of  s o l v e n t .   I f   d e s i r e d   the   m e t h y l  

i s o b u t y l   k e t o n e   can  be  c l e a n e d   b e f o r e   r e c y c l e   by  a n y  



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

c a r b o n ,   or  e x c h a n g e   r e s i n s .   Thus  when ,   f o r   e x a m p l e ,   a n  

a c i d i c   l e a c h i n g   a g e n t   h a s  b e e n   e m p l o y e d   some  a c i d   may  
h a v e   b e e n   t a k e n   up  by  t h e   m e t h y l   i s o b u t y l   k e t o n e .   T h i s  

may  be  r e m o v e d   by  d i s t i l l i n g   o v e r   an  a l k a l i   such   a s  

d i l u t e   c a u s t i c   s o d a   or  c a l c i u m   h y d r o x i d e   or  by  o t h e r  

s u i t a b l e   m e a n s .   O t h e r   w a s h i n g   p r o c e d u r e s   may  b e  

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

i r o n   c h l o r i d e s .   W a s h i n g   may  be  c a r r i e d   ou t   in  a  s e c o n d  

s m a l l   c o n t a c t o r .  

S t r i p p e d   l e a c h   l i q u o r   l e a v e s   c o n t a c t o r   232  o n  

l i n e   244  and  p a s s e s   to  l e a c h   r e s i d u e   s e t t l i n g   t a n k s   2 4 6 ,  

o r   any  a l t e r n a t i v e   t y p e   of  s o l i d s - l i q u i d   s e p a r a t o r   o r  

s e t t l i n g   p o n d s .   S o l i d s   r e s i d u e   is  w i t h d r a w n   on  l i n e   2 4 8  

to   r e s i d u e   n e u t r a l i s a t i o n   t a n k   250  and  f i n a l   d i s c h a r g e  

on  l i n e   2 5 2 .   The  r e c o v e r e d   l e a c h   l i q u o r   f rom  t a n k s   2 4 6  

i s   r e c y c l e d   on  l i n e   254  to   l i n e   224  w h i c h   s u p p l i e s   a c i d  

to   l e a c h   t a n k   222 .   Make  up  a c i d   is   s u p p l i e d   f r o m  

r e s e r v o i r   2 5 6 .  

F i g u r e   4  i l l u s t r a t e s   an  a l t e r n a t i v e   p r o c e s s   f o r  

u s e   w i t h   f e e d s t o c k   o r e s   f r o m   w h i c h   i t   is  p a r t i c u l a r l y  

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

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

l i n e   268  to   l e a c h   t a n k   270  w h e r e   a c i d   s u c h   as  n i t r i c  

a c i d   i s   a d d e d   on  l i n e   272  to   g i v e   l e a c h i n g   c o n d i t i o n s  

w i t h i n   t a n k   2 7 0 .   Tank  270  i s   h e a t e d   by  s u i t a b l e   m e a n s  

( n o t   s h o w n ) .   L e a c h e d  p u l p  i s  w i t h d r a w n  o n  l i n e  2 7 4   t o  

c o o l i n g   t a n k s   276  w h e r e   t h e   t e m p e r a t u r e   is  r e d u c e d   b y  
s u i t a b l e   m e a n s   s u c h   as  h e a t   e x c h a n g e   p r i o r   to  p a s s a g e   o f  

t h e   p u l p   on  l i n e   278  to   c o n t a c t o r   280  s i m i l a r   t o  

c o n t a c t o r   232  shown  in  F i g u r e   3.  In  t he   same  way  a s  

d e s c r i b e d   in  F i g u r e   3,  t h e   l e a c h e d   p u l p   i s  b r o u g h t   i n t o  

c o n t a c t   in  c o n t a c t o r   280  w i t h   a  s t r e a m   of  s o l v e n t ,  

p r e f e r a b l y   m e t h y l   i s o b u t y l   k e t o n e   fed   to  t he   c o n t a c t o r  

on  l i n e   282 .   The  s o l v e n t   c a r r y i n g   e x t r a c t e d   g o l d   v a l u e s  



is   w i t h d r a w n   on  l i n e   284  and  the   s o l v e n t   d i s t i l l e d   o f f  

in  s t i l l   284  l e a v i n g   g o l d   p r o d u c t .   A l t e r n a t i v e l y   t h e  

g o l d   is  p r e c i p i t a t e d   by  h e a t i n g   the   s o l v e n t   b e l o w   i t s  

b o i l i n g   p o i n t .   S o l v e n t   is  c o n d e n s e d   in  c o n d e n s e r   2 8 8 ,  

and  s t o r e d   in  v e s s e l   290  f o r   r e c y c l e   on  l i n e   2 8 2 .  

To  a v o i d   h i g h   l o s s   of  g o l d   v a l u e s   in  t h e  

r e s i d u a l   p u l p   f rom  c o n t a c t o r   280 ,   the   p u l p   is  l ed   o n  

l i n e   292  to   f u r t h e r   r e a c t i o n   t a n k s   294,   w h e r e   i t   i s  

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

a l k a l i n e   c o n d i t i o n s ,  s u i t a b l y   a l c o h o l   and  s o d i u m  

h y d r o x i d e .   S e p a r a t e d   l i q u o r   is  r e c y c l e d   on  l i n e   296  t o  

l e a c h   t a n k   270 .   A l c o h o l / w a t e r   e x t r a c t   p a s s e s   v i a   l i n e s  

298  to   d i s t i l l a t i o n   c o l u m n   300  w h e r e   t he   a l c o h o l / w a t e r  

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

s o l v e n t   is  c o n d e n s e d   in  c o n d e n s e r   302  and  s t o r e d   in  t a n k  

304  p r i o r   to  i t s   r e c y c l e   ( n o t   s h o w n ) .  

V a r i o u s   m o d i f i c a t i o n s   to  the   d e s c r i b e d   p r o c e s s  

may  be  u s e d   to  i m p r o v e   y i e l d   of  g o l d  v a l u e s .   Thus   i t  

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

in  F i g u r e s   3  and  4  to  s t i r   t he   l e a c h e d   p u l p   w i t h   a b o u t  

0 .005%  by  w e i g h t   of  a  c o m p l e x i n g   a g e n t   s p e c i f i c   f o r   g o l d  

s u c h   as  R h o d a m i n e   B,  s u i t a b l y   w i t h   a  r e t e n t i o n   t i m e   of   5 

to   10  m i n u t e s ,   b e f o r e   c o n t a c t   w i t h   t he   m e t h y l   i s o b u t y l  

k e t o n e   s o l v e n t ,   g i v i n g   a  v e r y   h i g h   t r a n s f e r   of  g o l d  

f r e e d   in  t h e   l e a c h   to  t he   s o l v e n t   p h a s e .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h o s e   v e s s e l s   i n  

w h i c h   t he   l e a c h i n g   a g e n t   is  e m p l o y e d   a re   a d v a n t a g e o u s l y  

made  of  m a t e r i a l s   s u c h   as  t i t a n i u m   w h i c h   a r e   r e s i s t a n t  

to   t he   c o n c e n t r a t i o n s   of  l e a c h i n g   a g e n t   such   as  h a l i d e  

and  n i t r i c   a c i d   b e i n g   c o n v e n t i o n a l l y   u s e d .   I f   h i g h e r  

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

p o s s i b l e   to  e m p l o y   v e s s e l s   c a r r y i n g   a  c o r r o s i o n  

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

c o s t .  



The  h i g h l y   o x i d i s i n g   l e a c h   is  p a r t i c u l a r l y  

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

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

m a t e r i a l s ,   s u c h   as  n o n - o x i d i s e d   a r s e n i c .   B e i n g   in  a  

t o t a l l y   e n c l o s e d   v e s s e l   t he   o x i d a t i o n   does   no t   r e l e a s e  

p o i s o n o u s   m a t e r i a l s   and  t h e s e   can  be  s u b s e q u e n t l y  

p r e c i p i t a t e d   by  known  m e t h o d s .  

A l l  o r   p a r t   of  t h e   a p p a r a t u s   is  p r e f e r a b l y  

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

c o r r o s i v e   r e a c t a n t s .   The  r e c y c l i n g   of  l e a c h i n g   a g e n t  

r e d u c e s   t h e s e   p r o b l e m s   and  m i n i m i s e s   t he   c o s t   o f  

r e a g e n t s .   C l e a r l y   t h e   p r o c e s s   can  be  s u c c e s s f u l l y  

o p e r a t e d   on  a  c o n t i n u o u s   b a s i s .  

D e s i r a b l y ,   g o l d   r e c o v e r i e s   of  g r e a t e r   t h a n   8 0 % ,  

p r e f e r a b l y   g r e a t e r   t h a n   90%,  a r e   a c h i e v e d .  

The  p r o c e s s   of  t he   i n v e n t i o n   can  be  c a r r i e d   o u t  

on  a  s c a l e   to  s u i t   a  p a r t i c u l a r   m i n i n g   o p e r a t i o n .   T h u s ,  

f o r   e x a m p l e ,   a p p a r a t u s   f o r   c a r r y i n g   ou t   t he   p r o c e s s   may  
be  s c a l e d   so  t h a t   i t   can  be  m o u n t e d   on  a  l o r r y .   Such  a n  

a p p a r a t u s   can   t h e n   be  r e a d i l y   t r a n s p o r t e d   to  t he   s c e n e  

of  o p e r a t i o n s   and  u s e d ,   f o r   e x a m p l e , - t o   p r o c e s s   s l i m e  

h e a p s   a l o n g   a  p r e v i o u s l y   w o r k e d   r i v e r b e d .   Such  a n  

a p p a r a t u s   c o u l d   p r o c e s s ,   f o r   e x a m p l e ,   some  1 0 0 , 0 0 0   t o n s  

of  o r e   p e r   a n n u m ,   d e p e n d e n t   of  c o u r s e   on  t he   t y p e   of  o r e  

and  r e s i d e n c e   t i m e s   e m p l o y e d .   L a r g e r   a p p a r a t u s   may  b e  

c o n s t r u c t e d   on  s i t e ,   on  t h e   s u r f a c e   or  in  a  mine   c a v e r n ,  

h a v i n g   a  c o n t a c t o r   of  f o r   e x a m p l e ,   2  to   3  m e t r e s  

d i a m e t e r   and  a  t h r o u g h p u t   of  2 5 0 , 0 0 0   to   8 0 0 , 0 0 0   t o n s   o f  

o r e   p e r   a n n u m ,   a g a i n   d e p e n d e n t   on  the   o re   b e i n g  

p r o c e s s e d   and  t h e   c o n d i t i o n s   of  p r o c e s s i n g .   T h e  

t h r o u g h p u t   can  a l s o   be  i n c r e a s e d ,   f o r   e x a m p l e ,   by  a  

f a c t o r   of  5  to  1,  or  e v e n   10  to   1,  by  s u i t a b l e  

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

s e p a r a t i o n   and  c o n c e n t r a t i o n   p r o c e s s e s .  



The  a b o v e   d e s c r i p t i o n   w i t h   r e f e r e n c e   to  F i g u r e s  

1  to   4  r e l a t e s   to  t he   use  of  h a l i d e   and  n i t r i c   a c i d   a s  

l e a c h i n g   a g e n t .   We  have   f o u n d   i t   to  be  p a r t i c u l a r l y  

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

o x i d i s i n g   a g e n t   c o m p r i s e s   a  m i x t u r e   of  a c i d s   such   as  a  

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

c o n j u n c t i o n   w i t h   m e t h y l   i s o b u t y l   k e t o n e   as  a n  

e x t r a c t a n t .   T h i s   is  i l l u s t r a t e d   in  t he   f o l l o w i n g  

e x a m p l e s .  

E x a m p l e   1 .  

The  s t a r t i n g   m a t e r i a l   u s e d   was  an  o re   of  h e a d  

g r a d e   2 . 2 1 g   of  g o l d   p e r   t o n n e   ( a s s a y e d   by  n e u t r o n  

a c t i v a t i o n )   and  2 . 5 g   p e r   t o n n e   (by  aqua   r e g i a   a s s a y ) .  

100g  of  o r e   we re   m i x e d   w i t h   300g  of  an  a q u e o u s   s o l u t i o n  

c o n t a i n i n g   10%  by  w e i g h t   s u l p h u r i c   a c i d ,   5%  by  w e i g h t  

n i t r i c   a c i d ,   17.7%  by  w e i g h t   p o t a s s i u m   c h l o r i d e   a n d  

13.3%  by  w e i g h t   s o d i u m   c h l o r i d e .   The  m i x t u r e   w a s  

v i g o r o u s l y   s t i r r e d   a t   95°C  f o r   30  m i n u t e s ,   a l l o w e d   t o  

c o o l   and  f i l t e r e d .   The  r e s i d u e   was  w a s h e d   t h r e e   t i m e s  

w i t h   w a t e r   and  t he   w a s h i n g s   c o m b i n e d   w i t h   t h e   i n i t i a l  

f i l t r a t e .  

100  ml  of  the   r e s u l t i n g   s o l u t i o n   were   s h a k e n   a t  

room  t e m p e r a t u r e   w i t h   10  ml  m e t h y l   i s o b u t y l   k e t o n e   f o r   3 

m i n u t e s   and  t h e n   the   l a y e r s   a l l o w e d   to  s e p a r a t e .   T h e  

m e t h y l   i s o b u t y l   k e t o n e   l a y e r   was  s u b j e c t e d   to  a n a l y s i s  

by  a t o m i c   a b s o r p t i o n   s p e c t r o s c o p y .   The  a n a l y s i s   s h o w e d  

t h a t   t h e   a m o u n t   of  g o l d   e x t r a c t e d   f rom  t h e   100g  of  o r e  

was  218  ppm,  i . e .   an  e x t r a c t i o n   e f f i c i e n c y   of  9 8 . 8 % .  

E x a m p l e   2 .  

100g  of  an  o re   of  head   g r a d e   3 . 9 6 g   p e r   t o n n e   o f  

g o l d   ( a s s a y e d   by  n e u t r o n   a c t i v a t i o n )   was  a t t r i t i o n  

m i l l e d   f o r   15  m i n u t e s ,   t h e n   m i x e d   w i t h   a  s o l u t i o n  

c o n t a i n i n g   15%  by  w e i g h t   n i t r i c   a c i d ,   10%  by  w e i g h t  

s u l p h u r i c   a c i d   and  13.3%  by  w e i g h t   s o d i u m   c h l o r i d e .   T h e  

s o l u t i o n   was  s t i r r e d   a t   93°C  f o r   30  m i n u t e s ,   f i l t e r e d  



and  w a s h e d   as  in  E x a m p l e   1  and  t h e n   e x t r a c t e d   a s  

d e s c r i b e d   in  E x a m p l e   1  w i t h   m e t h y l   i s o b u t y l   k e t o n e .   T h e  

g o l d   e x t r a c t e d   f rom  100g  of  o re   was  314  ppm,  i . e .   a n  

e x t r a c t i o n   e f f i c i e n c y   of  7 9 . 3 % .  

E x a m p l e   3 .  

In  a  run   c o n d u c t e d   on  a  l a r g e r   s c a l e ,   3  kg  o f  

o r e   of  h e a d   g r a d e   3 3 . 8 g   p e r   t o n n e   was  h e a t e d   a t   9 5 ° C  

w i t h   9 . 2   kg  of  an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   10%  b y  

w e i g h t   s u l p h u r i c   a c i d ,   5%  by  w e i g h t   n i t r i c   a c i d   a n d  

13 .5%  s o d i u m   c h l o r i d e .   The  s o l u t i o n   was  s t i r r e d  

c o n t i n u o u s l y   and  h e a t e d   by  r e c i r c u l a t i n g   t he   m i x t u r e  

t h r o u g h   a  t i t a n i u m   c o i l   h e a t e d   by  an  o i l   b u r n e r .   T h e  

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

s o l i d s / l i q u i d s   b u c k e t   t y p e   c o n t a c t o r   in  c o u n t e r c u r r e n t  

to  a  s t r e a m   of  m e t h y l   i s o b u t y l   k e t o n e .   The  r a t i o   o f  

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

1 0 : 1 .  

A n a l y s i s   by  a t o m i c   a b s o r p t i o n   s p e c t r o s c o p y   o f  

t h e   m e t h y l   i s o b u t y l   k e t o n e   p h a s e   f rom  t he   c o n t a c t o r  

s h o w e d   t h a t   2 7 . 7   ppm  of  g o l d   had  b e e n   e x t r a c t e d  -   a n  

e f f i c i e n c y   of  8 2 % .  



1.  A  p r o c e s s   f o r   t he   r e c o v e r y   of  g o l d   a n d / o r   o t h e r  

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

c h a r a c t e r i s e d   in  t h a t   s a i d   m a t t e r   is  c o n t a c t e d   i n  

s u b s t a n t i a l l y   f i n e l y   d i v i d e d   f o rm  w i t h   an  a q u e o u s  

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

o x i d i s i n g   a g e n t   c a p a b l e   of  e n h a n c i n g   the   l e a c h i n g   a c t i o n  

of  t he   h a l i d e   i o n s   and  the   r e s u l t i n g   s o l u b l e   m e t a l   s a l t s  

a r e   e x t r a c t e d   f rom  the   r e s u l t i n g   p u l p   or  l e a c h   l i q u o r .  

2.  A  p r o c e s s   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 s e d   i n  

t h a t   t he   e x t r a c t i o n   of  m e t a l   v a l u e s   is  c a r r i e d   ou t   b y  

p a s s i n g   t h e   p u l p   or  l e a c h   l i q u o r   in  c o c u r r e n t   o r  

c o u n t e r c u r r e n t   t h r o u g h   a  c o n t a c t o r  i n   c o n t a c t   w i t h   a  

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

e x t r a c t a n t   f o r   t he   m e t a l   v a l u e s .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  or  2 

c h a r a c t e r i s e d   in  t h a t   t he   o x i d i z i n g   a g e n t   is  p r e s e n t   i n  

an  a m o u n t   of  2  to   15%  by  w e i g h t   of  the   l e a c h i n g   a g e n t .  

4.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1  to   3 

c h a r a c t e r i s e d   in  t h a t   t he   o x i d i s i n g   a g e n t   c o m p r i s e s  

n i t r i c   a c i d .  

5.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   4  c h a r a c t e r i s e d   i n  

t h a t   t he   c o n t e n t   of  n i t r i c   a c i d   is  f r o m   5  to   12%  of  t h e  

a q u e o u s   l e a c h i n g   a g e n t .  

6.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  the   p r e c e d i n g  

c l a i m s   c h a r a c t e r i s e d   in  t h a t   t he   e x t r a c t i o n   of  m e t a l  

v a l u e s   is  c a r r i e d   o u t   u s i n g   an  a c t i v a t e d   m a t e r i a l  

c a p a b l e   of  r e m o v i n g   m e t a l   v a l u e s   f rom  the   l e a c h   l i q u o r ,  

t h e   a c t i v a t e d   m a t e r i a l   b e a r i n g   the   m e t a l   v a l u e s   i s  

s e p a r a t e d   and  the   m e t a l   r e c o v e r e d   t h e r e f r o m .  



7.  A  p r o c e s s   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 s e d   i n  

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

a c t i v a t e d   c a r b o n .  

8.  A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g  

c l a i m s   1  to   5  c h a r a c t e r i s e d   in  t h a t   t he   m e t a l   is  g o l d .  

9.  A  p r o c e s s   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 s e d   i n  

t h a t   t he   e x t r a c t i o n   of  g o l d   v a l u e s   is  c a r r i e d   ou t   w i t h  

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

g o l d   v a l u e s   a r e   r e c o v e r e d   f rom  t he   c o m p l e x  s o   f o r m e d .  

10.   A  p r o c e s s   a c c o r d i n g   to  c l a i m   9  c h a r a c t e r i s e d   i n  

t h a t   t he   c o m p l e x i n g   a g e n t   is   R h o d a m i n e   B .  

I I .   A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1  to   5 

c h a r a c t e r i s e d   in  t h a t   t he   e x t r a c t i o n   of  m e t a l   v a l u e s   i s  

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

12.   A  p r o c e s s   a c c o r d i n g   to  c l a i m   11  c h a r a c t e r i s e d   i n  

t h a t   t h e   s o l v e n t   is  m e t h y l   i s o b u t y l   k e t o n e .  

13.   A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g  

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

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

and  t h e   m e t a l   v a l u e s   a r e   s u b s e q u e n t l y   e x t r a c t e d   a t   a  

l o w e r   t e m p e r a t u r e .  

14 .   A  p r o c e s s   a c c o r d i n g   to  c l a i m   13  c h a r a c t e r i s e d   i n  

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

r a n g e   of  45°  t o   95°C  and  t h e   e x t r a c t i o n   is  c a r r i e d   o u t  

a t   a  l o w e r e d   t e m p e r a t u r e   in  t he   r a n g e   of  20°C  to   4 5 ° C .  

15.   A  p r o c e s s   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g  

c l a i m s   c h a r a c t e r i s e d   in  t h a t   t he   l e a c h i n g   a g e n t  



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

s u l p h u r i c   a c i d .  

16.  Gold   a n d / o r   o t h e r   n o b l e   m e t a l s   when  r e c o v e r e d   b y  

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