
Europaisches  Pa tentamt  

European  Patent  Office  (J)  Publication  number:  0  0 8 9   1 8 4  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83301318.8  ©  Int.  CI.3:  C  22  B  1  1 /06 

@  Date  of  filing:  10.03.83 

®  Priority:  11.03.82  CA  398157  ©  Applicant:  Inco  Limited 
1  First  Canadian  Place 
Toronto  Ontario  M5X  1C4(CA) 

(©  Date  of  publication  of  application: 
21.09.83  Bulletin  83/38  ©  Inventor:  Krause,  Eberhard 

5949  Montevideo  Road 
©  Designated  Contracting  States:  No.  22  Mississauga  Ontario  L5N  2E5(CA) 

BE  DE 
©  Inventor:  Ettel,  Victor  Alexander 

3282  Charmaine  Heights 
Mississauga  Ontario  L5A  3CKCA) 

©  Inventor:  Brandt,  Bernardus  Jacobus 
P.O.  Box  3264 
Holiday  Florida  33590(US) 

©  Inventor:  Glaum,  Gerald  Vernon 
225  Overton  Place 
Oakville  Ontario  L6H  1E8(CA) 

©  Representative:  Greenstreet,  Cyril  Henry  et  al, 
Thames  House  (Fifth  floor)  Miilbank 
London  SW1P4QF(GB) 

©  Process  for  the  recovery  of  silver  from  metallurgical  intermediates. 

An  aqueous  slurry  of  the  silver-containing  intermediate 
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with  an  aqueous  thiosulphate  solution.  When  the  intermedi- 
ate  contains  lead,  the  thiosulphate  leach  solution  should 
have  a  pH  of  at  least  7.  Silver  is  recovered  from  the  final 
solution  by  cementation  or  reduction. 



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

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

c o n t a i n   one   o r   more   o t h e r   p r e c i o u s   m e t a l s .  

Many  b a s e   m e t a l   o r e s ,   s u c h   as  t h o s e   of   c o p p e r ,  

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

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

o t h e r   c o n s t i t u e n t s .   S u c h   o r e s   f o rm  i m p o r t a n t   s o u r c e s   o f  

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

" p r e c i o u s   m e t a l s " ,   t h a t   i s   to  say  t h e   s i x   p l a t i n u m   g r o u p  

m e t a l s ,   g o l d   and   s i l v e r .  

T h e s e   m e t a l s   o c c u r   in  t h e   v a r i o u s   m e t a l   o r e s   i n  

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

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

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

c e m e n t s .   The  c o m p o s i t i o n s o f   t h e s e   p r e c i o u s   m e t a l -  

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

n a t u r e   of   t h e   o r e .   D e s p i t e   t h e   d i f f e r e n c e s   in   c o m p o s i t i o n  

t h e s e   m a t e r i a l s   t e n d   t o   l e n d   t h e m s e l v e s   to   a  more   or   l e s s  

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

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

m e t a l s   t h e r e i n   can   v a r y .   - T h u s ,   m e t a l s   w h i c h   m a y  b e   p r e s e n t  

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

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

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

n i c k e l ,   z i n c ,   i r o n   and   s u l p h u r .   Once  t h e   m a t e r i a l s   a r e  

c o n c e n t r a t e d , e . g .   in  t h e   fo rm  of  a n o d e  s l u d g e s   or  l e a c h  

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

v a l u e s   as  c o m p l e t e l y   as   p o s s i b l e   and  to   p r o d u c e   m e t a l  

c o n c e n t r a t e s   o f   r e s p e c t a b l e   p u r i t y .   One  known  m e t h o d ,   f o r  

e x a m p l e ,   can   i n v o l v e   d e c o p p e r i z i n g   of  t h e   p r e c i o u s   m e t a l  



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

s m e l t i n g   in  a  Dor6   f u r n a c e   in  w h i c h   s i l v e r   may  b e  

r e c o v e r e d   in   t h e   fo rm  of  DorG  m e t a l .   Such  a  p r o c e d u r e  

is   e x p e n s i v e   and   can   p r o d u c e   h a r m f u l   e m i s s i o n s   o f  

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

I t   i s   known  a l s o   to   r e c o v e r   p r e c i o u s   m e t a l   f r o m  

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

w i t h   c h l o r i n a t i o n   f o l l o w e d   by  ammonia   e x t r a c t i o n   o f  

s i l v e r   f rom  t h e   r e s u l t i n g   r e s i d u e s   and  r e c o v e r y   o f  

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

l e a c h   l i q u o r .   I t   i s   a l s o   known  f rom  t h e   p h o t o g r a p h i c   a r t  

t h a t   t h i o s u l p h a t e   s o l u t i o n s   can   be  e m p l o y e d   to   d i s s o l v e  

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

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

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

in  t h e   p r e s e n c e   of  c u p r i c   ion   and  f r e e   ammonia   i s   a l s o  

k n o w n .  

P u b l i c a t i o n s  r e l e v a n t   to   t h i s   s u b j e c t   m a t t e r  

i n c l u d e   T s v e t n y e   M e t a l l v ,   1 9 6 3 ,   V o l . 3 6 ,   N o . 1 1 ,   p a g e s   8 5 - 8 6 ;  

the   U.S .   P a t e n t s   Nos .   3 , 6 5 8 , 5 1 0 ;   4 , 0 7 0 , 1 8 2 ;   4 , 2 6 9 , 6 2 2   a n d  

4 , 2 2 9 , 2 7 0 .  

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

me thod   f o r   w o r k i n g   up  p r e c i o u s - m e t a l - c o n t a i n i n g  

i n t e r m e d i a t e   m a t e r i a l s   to   g i v e   s e l e c t i v e   and  e f f i c i e n t  

s e p a r a t i o n   of   s i l v e r   t h e r e f r o m .  

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

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

one  or  more  o t h e r   p r e c i o u s   m e t a l s   i s   c o n c e n t r a t e d   a n d  

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

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

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

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

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

f rom  t h e   r e s u l t i n g   s o l u t i o n .  



In  c a r r y i n g   o u t   t h e   p r o c e s s ,   t he   s i l v e r -  

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

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

f r o m   5  to   50%  by  w e i g h t   s o l i d s .   The  r e s u l t i n g   s l u r r y   i s  

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

s i l v e r   c o n t e n t   t o   s i l v e r   c h l o r i d e   and   to   c h l o r i n a t e   m o s t  

of  t h e   r e m a i n i n g   m e t a l   v a l u e s   as   c h l o r i d e s .   In  t h e   c o u r s e  

of   t h e   c h l o r i n a t i o n   a  s u b s t a n t i a l   q u a n t i t y   o f  

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

c h l o r i n e   and  e l e m e n t s   s u c h   as  s u l p h u r ,   s e l e n i u m ,  

t e l l u r i u m ,   and  a r s e n i c   or   c o m p o u n d s   t h e r e o f .   A  c o n v e n i e n t  

t e m p e r a t u r e   r a n g e   f o r   c h l o r i n a t i o n   i s   f rom  60  to   8 0 ° C .  

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

s o l u t i o n   may  s o m e t i m e s   be  r e q u i r e d ,   and  t h e   r a t e   o f  

a d d i t i o n   of  c h l o r i n e   s h o u l d   be  c o n t r o l l e d   to   a v o i d  

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

A f t e r   c o m p l e t i o n   o f   t h e   c h l o r i n e   l e a c h ,   t h e  

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

s u p e r n a t a n t   s o l u t i o n ,   w h i c h   now  c o n t a i n s   t h e   o t h e r   p r e c i o u s  

m e t a l s .  

The  s i l v e r - c o n t a i n i n g   r e s i d u e   can  t h e n   b e  

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

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

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

s u c h   as  s i l i c a   and  f e r r i t e s   w h i c h   may  a l s o   be  p r e s e n t  

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

may  be  c o n d u c t e d   a t   a  t e m p e r a t u r e   of   f rom  10  to   8 0 ° C .  

T h i o s u l p h a t e   s h o u l d   be  u s e d   in  a p p r o x i m a t e l y  

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

e a c h   mol  of  s i l v e r   to   be  l e a c h e d .  



T h e ' p H   of   t h e   t h i o s u l p h a t e   s o l u t i o n   s h o u l d   b e  

a t   l e a s t   2 , a n d   when  l e a d   i s   p r e s e n t   in  t h e   c h l o r i n e   l e a c h  

r e s i d u e   to  an  e x t e n t   r e q u i r i n g   s e l e c t i v e   r e m o v a l   of  t h e  

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

be  a t   l e a s t   7  and  more  p r e f e r a b l y  ≥  p H   9  or  pH  10.  When  t h e  

t h i o s u l p h a t e   s o l u t i o n   i s   s u f f i c i e n t l y   b a s i c ,   t h e  

t h i o s u l p h a t e   l e a c h   i s   h i g h l y   s e l e c t i v e   f o r   s i l v e r   a s  

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

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

s o l u t i o n   b a s i c   i s   t h a t   t h e   s t a b i l i t y   of   t h e   s o l u t i o n   i s  

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

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

a l s o   i m p r o v e   i t s   s t a b i l i t y .  

The  t h i o s u l p h a t e   l e a c h   s o l u t i o n   c o n t a i n i n g  

s i l v e r   f rom  t h e   r e s i d u e   may  be  t r e a t e d   in   a  v a r i e t y   o f  

ways  to  r e c o v e r   t h e   s i l v e r .   For   e x a m p l e ,   c e m e n t a t i o n  

w i t h   m e t a l s   s u c h   as  i r o n ,   z i n c   or   m a g n e s i u m   a t   a m b i e n t  

t e m p e r a t u r e   p r o d u c e s   c e m e n t s   a n a l y z i n g   a b o u t   90%  s i l v e r .  

O r g a n i c   r e d u c i n g   a g e n t s ,   e . g .   f r u c t o s e ,   d e x t r o s e   a n d  

l a c t o s e ,   can  be  u s e d   t o   p r o d u c e   s i l v e r   p r e c i p i t a t e s   o f  

h i g h   p u r i t y ,   e . g .   c o n t a i n i n g   a t   l e a s t   90%  of   s i l v e r .  

E l e c t r o l y t i c   r e c o v e r y   m e a n s   may  a l s o   be  u s e d .  

As  n o t e d   h e r e i n b e f o r e ,   t h e   c o m p o s i t i o n   of  t h e  

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

t r e a t e d   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   can  v a r y   w i d e l y  

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

i t   may  be  c o n v e n i e n t   to   s u b j e c t   t hem  to   p r e l i m i n a r y  

t r e a t m e n t .   For   e x a m p l e ,   in   w o r k i n g   up  c o p p e r   r e f i n e r y  

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

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

in  a c c o r d a n c e   to   t h e   i n v e n t i o n .   S i m i l a r l y ,   a  l e a d  

r e m o v a l   s t e p   may  be  e m p l o y e d   p r i o r   to   t r e a t m e n t   of  t h e  

i n t e r m e d i a t e   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .  



Some  e x a m p l e s   w i l l   now  be  g i v e n .  

E x a m p l e   1 

6 6 . 2   kg  of   a  p r e c i o u s   m e t a l s - c o n t a i n i n g   f e e d ,  

a n a l y z i n g   (in  p e r   c e n t   by  w e i g h t )   Pt   1 . 5 ,   Pd  1 . 6 ,   Au  0 . 4 0 ,  

Rh  0 . 1 6 ,   Ru  0 . 0 9 ,   Ag  7 . 6 ,   Pb  7 . 1 ,   Se  5 . 6 ,   Te  0 . 6 7 ,  

Cu  0 . 3 4   was  s l u r r i e d   in   w a t e r   a t   a  s o l i d s   d e n s i t y   o f  

n 4 5 0   g  s o l i d s   p e r   l i t r e   of  s l u r r y   and  h e a t e d   to   6 0 ° C .  

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

a  t o t a l   o f   4  h  a t   a  f l o w r a t e   of   100  l i t r e s / m i n .   A f t e r  

f i l t r a t i o n   of   t h e   l e a c h e d   s l u r r y   a b o u t   4 6 . 5   kg  of   l e a c h  

r e s i d u e   was  o b t a i n e d ,   w h i c h   was  f o u n d   to   an  a n a l y z e  

Pt   0 . 0 3 5 ,   Pd  0 . 0 1 6 ,   Au  0 . 0 0 5 ,   Ag  1 0 . 1 ,   Pb  3 . 2 % .   T h e  

f o l l o w i n g  m e t a l   e x t r a c t i o n s   w e r e   o b t a i n e d   (%):  Pt   9 8 ,  

Pd  9 9 . 3 ,   Au  9 9 . 1 ,   Ag  < 1 .  

The  c h l o r i n e   l e a c h   r e s i d u e   w a s  t h e n   l e a c h e d  

w i t h   t h i o s u l p h a t e   as  f o l l o w s :   3 3 . 8   l i t r e s   of  w a t e r   w a s  

a d d e d   to   1 5 . 5   kg  o f   t h e   a b o v e   c h l o r i n e   l e a c h   r e s i d u e ,  

w h i c h   a l r e a d y   c o n t a i n e d   39%  m o i s t u r e .   NaOH  was  a d d e d   t o  

t h e   a g i t a t e d   s l u r r y   to   b r i n g   t h e   pH  t o  1 0 . 0   a t   2 2 ° C .  

Then   3 . 7 5   kg  of  Na2S203   was  a d d e d   ( 3 . 9   kg  N a 2 S 2 0 3 / k g   Ag) 

and   t h e   s l u r r y   was  a g i t a t e d   f o r   30  m i n u t e s   a t   a  pH  of   10 

( 2 2 ° C ) .   The  r e s i d u e   was  f i l t e r e d   o f f   and  w a s h e d   w i t h   o n e  

c a k e   d i s p l a c e m e n t   of   w a t e r .   S i n c e   t h e   l e a c h   r e s i d u e  

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

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

s u b j e c t e d   t o   a  r e p u l p   l e a c h   u s i n g   11  l i t r e s   of   w a t e r   a n d  

0 .4   kg  of   N a 2 S 2 0 3 .   L e a c h i n g   was  a g a i n   c o n d u c t e d   f o r  

30  m i n u t e s   a t   22°C  (pH  10) .   F i n a l l y ,   t h e   l e a c h   r e s i d u e  

was  s e p a r a t e d   f r o m   t h e   s o l u t i o n   by  f i l t r a t i o n .   The  l e a c h  ,  

r e s i d u e   a n a l y z e d   0.11%  Ag  and  5.2%  Pb.  99.1%  of   t h e   s i l v e r  

w a s   e x t r a c t e d   w i t h   o n l y   0.8%  of   t h e   l e a d .  

The  t h i o s u l p h a t e   l e a c h   l i q u o r   and  t h e   r e p u l p  

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

a n a l y z i n g   ( g / 1 )   Ag  18.0   and  Pb  0 . 0 7 .   S u l p h u r i c   a c i d   w a s  

a d d e d   to   t h e   s o l u t i o n   to  r e a c h   a  pH  of  4 .0   a t   2 2 ° C .  



T h c n i r o n   p o w d e r   was  a d d e d   to   c e m e n t   t h e   c o n t a i n e d   s i l v e r  

v a l u e s .   The  pH  was  h e l d   a t   4  by  s i m u l t a n e o u s   a d d i t i o n   o f  

s u l p h u r i c   a c i d .   When  a  r e d o x   p o t e n t i a l   of  -400   mV(SCE)  

was  r e a c h e d ,   t h e   s l u r r y   was  f i l t e r e d .   The  s i l v e r   c e m e n t  

a n a l y z e d   (%)  Ag  8 7 . 1 ,   Fe  9 . 3 ,   Pb  0 . 3 8 ,   S  1 . 4 .   More  t h a n  

99.9%  of  t he   s i l v e r   had  b e e n   c e m e n t e d   and  t h e   b a r r e n  

s o l u t i o n   a n a l y z e d   10  m g / l   A g .  

E x a m p l e   2 

T h i s   e x a m p l e   shows  t h e   e f f e c t   of   v a r y i n g   t h e  

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

170  g  of  a  m o i s t   (39.4%  H20)  p r e c i o u s   m e t a l s  

c o n t a i n i n g   f e e d   a n a l y z i n g   (%)  Pt  1 . 7 3 ,   Pd  1 . 6 5 ,   Au  0 . 3 3 ,  

Ag  2 . 0 0 ,   Pb  3 . 4 3   and  S i02   5 2 . 0   was  s l u r r i e d   w i t h   w a t e r  

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

shown  in  T a b l e   1.  The  r e s u l t i n g   s l u r r i e s   (30-35%  s o l i d s )  

were   a g i t a t e d   and  h e a t e d   to   80°C.   G a s e o u s   c h l o r i n e   w a s  

b u b b l e d   i n t o   t h e   s l u r r y   a t   a  f l o w r a t e   of  ~1  g /1   s l u r r y / m i n .  

f o r   a  t o t a l   of  4  h.  The  s l u r r y   was  t h e n   f i l t e r e d   and  t h e  

l e a c h   r e s i d u e   and  t h e   l e a c h   l i q u o r   we re   a n a l y z e d .  

As  shown  in  T a b l e   1,  i t   was  f o u n d   t h a t   t h e  

e x t r a c t i o n   of  t h e   p r e c i o u s   m e t a l s   P t ,   Pd  and  Au  w a s  

e s s e n t i a l l y   u n a f f e c t e d   by  t h e   i n i t i a l   a c i d i t y .   H o w e v e r ,  

much  l e s s   s i l v e r   was  e x t r a c t e d   ( o n l y   0 .2%)  in  t h e   t e s t  

w h e r e   t h e   f e e d   was  s l u r r i e d   w i t h   w a t e r .   T h u s ,   a  b e t t e r  

s e p a r a t i o n   of  s i l v e r   f r o m   P t ,   Pd  and  Au  was  a c h i e v e d .  

E x a m p l e   3 

T h i s   e x a m p l e   shows   t h e   e f f e c t   of   a c i d i t y   on  t h e  

e x t r a c t i o n   of  s i l v e r   by  a  t h i o s u l p h a t e   s o l u t i o n .  

A  c h l o r i n e   l e a c h   r e s i d u e   a n a l y z i n g ,   in  w e i g h t  

p e r   c e n t ,   Ag  17 .3   and  Pb  9 . 9 ,   was  s u b j e c t e d   to  t h i o s u l p h a t e  

l e a c h   t e s t s   a t   v a r i o u s   pH  v a l u e s   b e t w e e n   2  and  1 2 .  





The  l e a c h   c o n d i t i o n s   w e r e   s i m i l a r   to   E x a m p l e   1  and  a r e  

l i s t e d   in   T a b l e   2,  t o g e t h e r   w i t h   t h e   r e s u l t s   of  d u p l i c a t e  

t e s t s .   The  e x t r a c t i o n   of  s i l v e r   was  l o w e s t   (~97%)  a t   a  pH 
of   2 . 0 ,   and  was  g e n e r a l l y   99%  or   h i g h e r   b e t w e e n   pH  4  a n d  

12.  The  d i s s o l u t i o n   of   l e a d   was  s t r o n g l y   i n f l u e n c e d   b y  

t h e   pH.  At  pH  6  and  b e l o w ,   more  t h a n   75%  of  t h e   Pb  w a s  

d i s s o l v e d ,   w h e r e a s   a t   pH  8  l e s s   t h a n   20%  Pb  was  e x t r a c t e d  

and  a t   a  pH  of   10  t h e   d i s s o l u t i o n   of   Pb  was  o n l y  ~ 1 % .  



The  n e x t   f o u r   E x a m p l e s   (Nos.   4 -7)   i l l u s t r a t e  

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

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

E x a m p l e   4 

A  t h i o s u l p h a t e   l e a c h  l i q u o r   (1 .0   l i t r e s )  

a n a l y z i n g   ( g / 1 )   Ag  1 8 . 4   and  S203=  68  a t   pH  10  w a s  

a c i d i f i e d   t o   pH  4,  and  3 .8   g  of   Mg  g r a n u l e s   ( 0 . 1 7 7 - 0 . 2 1 m m )  

was  a d d e d   o v e r   2  h  w i t h   s i m u l t a n e o u s   a d d i t i o n   of  1 5 1 . 5   m l  

of  50  g / l   H 2 S O 4  s o l u t i o n   to   m a i n t a i n   pH  4.  D u r i n g   t h i s  

p e r i o d   t h e   t e m p e r a t u r e   r o s e   f r o m   22  t o   31°C  and  t h e   r e d o x  

p o t e n t i a l   of   t h e   s o l u t i o n   d e c r e a s e d   f r o m   +70  mV  t o  

- 2 5 0   mV  (Pt  vs  SCE) .   A f t e r   f i l t r a t i o n   and  d r y i n g ,   t h e  

s o l i d s   ( 2 0 . 1 4 . g )   a n a l y z e d   (%):  Ag  9 0 . 9 ,   Mg  1.6  and  S  3 . 1 5 .  

The  f i l t r a t e   ( 1 . 0 8 5   l i t r e s )   c o n t a i n e d   0 . 0 4 2   g /1   Ag.  T h u s ,  

99.7%  of  t h e   s i l v e r   was  r e c o v e r e d   in  t h e   s o l i d s .  

E x a m p l e   5 

A  t h i o s u l p h a t e   l e a c h   l i q u o r   ( 1 . 0   l i t r e s )  

a n a l y z i n g   ( g / 1 )   Ag  1 8 . 5 ,   Pb  0 .11   and  S203=  69  a t   pH  10 

was  h e a t e d   a t   80°C  and  1 4 . 3   g  of  D - f r u c t o s e   was  a d d e d .  

The  s o l u t i o n   was  m a i n t a i n e d   a t   pH  10  by  a d d i t i o n   o f  

7 2 . 9   ml  of   a  150  g / 1  N a O H   s o l u t i o n .   A f t e r   15  m i n u t e s   t h e  

r e d o x   p o t e n t i a l   of   t h e   s o l u t i o n   had  d e c r e a s e d   f r o m   0  mV 

to  - 6 6 0   mV  (Pt  vs  SCE)  and  t h e   s i l v e r   m i r r o r ,   o r i g i n a l l y  

p l a t e d   on  t h e   s i d e s   of   t h e   b e a k e r ,   d i s a p p e a r e d   l e a v i n g   a  

f l o c c u l a n t   p r e c i p i t a t e   ( 1 8 . 2 3   g)  w h i c h   a n a l y z e d   ( % ) :  

Ag  9 7 . 5 ,   Pb  0 . 5 5 ,   and  S  0 . 6 6 .   The  f i l t r a t e   ( 1 . 0 4 4   l i t r e s )  

a n a l y z e d   <5  m g / l   Ag.  T h u s ,   99 .97%  of  t h e   s i l v e r   w a s  

r e c o v e r e d   in   t h e   s o l i d s .  

E x a m p l e   6 

A  t h i o s u l p h a t e   l e a c h   l i q u o r   (1 .0   l i t r e s )  

a n a l y z i n g   ( g / 1 )   Ag  1 7 . 9 ,   Pb  0 . 1 0 ,   and  S2O3=  67  a t   pH  10 

was  h e a t e d   to   80°C  and  14 .3   g  of  D - g l u c o s e   was  a d d e d .  



The  s o l u t i o n   was  m a i n t a i n e d   a t   pH  10  by  a d d i t i o n   of   265  m l  

of  a  38  g /1   NaOH  s o l u t i o n .   A f t e r   30  m i n u t e s   t h e   r e d o x  

p o t e n t i a l   of  t h e   s o l u t i o n   had  d e c r e a s e d   f rom  +30  mV  t o  

-660  mV  (Pt  vs  SCE)  and  t h e   s i l v e r   m i r r o r ,   o r i g i n a l l y  

p l a t e d   on  t h e   s i d e s   of  t h e   b e a k e r ,   d i s a p p e a r e d   l e a v i n g   a  

f l o c c u l a n t   p r e c i p i t a t e   ( 1 7 . 4 5   g)  w h i c h   a n a l y z e d   ( % ) :  

Ag  9 7 . 9 ,   Pb  0 . 5 2 ,   and  S  0 . 5 6 .   The  f i l t r a t e   ( 1 . 2 6   l i t r e s )  

c o n t a i n e d   40  m g / l   Ag.  T h u s ,   99 .7%  of   t h e   s i l v e r   w a s  

r e c o v e r e d   in  t h e   s o l i d s .  

E x a m p l e   7 

A  t h i o s u l p h a t e   l e a c h   l i q u o r   ( 1 .0   l i t r e s )  

c o n t a i n i n g   1 7 . 9   g /1   Ag  and   67  g / 1   S2O3=  was  a d j u s t e d   t o  

pH  13  a t   24°C  by  a d d i n g   16  g  NaOH.  Then  14 .3   g  o f  

D = f r u c t o s e   was  a d d e d .   A f t e r   2  h o u r s   t h e   r e d o x   p o t e n t i a l  

had  d e c r e a s e d   f rom  +60  mV  to   - 2 2 5   mV  (Pt  vs  SCE)  a n d  

8 . 8 5   g  of   p r e c i p i t a t e   was  f i l t e r e d   o f f .   A f t e r   s t a n d i n g  

o v e r n i g h t ,   an  a d d i t i o n a l   8 . 3 0   g  of   p r e c i p i t a t e   w a s  

r e c o v e r e d .   The  c o m b i n e d   p r e c i p i t a t e s   a n a l y z e d   99.6%  Ag 

w h i l e   t h e   s o l u t i o n   c o n t a i n e d   o n l y   70  m g / l   Ag.  T h u s ,  

99.6%  of   t h e   s i l v e r   was  r e c o v e r e d   in  t h e   s o l i d s .  

E x a m p l e   8 

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

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

a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   a r e   shown  in  T a b l e   3.  E a c h  

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

c o n d i t i o n s   and  f o r   t he   t i m e s   shown  in  T a b l e   4.  I t   w i l l  

be  s e e n   f rom  T a b l e   4  t h a t   e x c e l l e n t   e x t r a c t i o n s   o f  

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

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

v a r i e d   w i d e l y .   On  t h e   o t h e r   h a n d ,   e x t r a c t i o n s   of  s i l v e r  

w e r e   l ow .   The  c o m p o s i t i o n s ,   in  w e i g h t   p e r   c e n t ,   of  t h e  

c h l o r i n e   l e a c h   r e s i d u e s   a r e   shown  in  T a b l e   5.  A l l   o f  

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

t h i o s u l p h a t e   l e a c h i n g ,   in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,  

t o   d i s s o l v e   s i l v e r .  









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

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

and  a l s o   one  or   more   o t h e r   p r e c i o u s   m e t a l s   to   c o n c e n t r a t e  

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

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

a q u e o u s  s l u r r y   t o   d i s s o l v e   p l a t i n u m   g r o u p   m e t a l s   and  g o l d  

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

s i l v e r   f r o m   t h e   r e s i d u e   w i t h   an  a q u e o u s   t h i o s u l p h a t e  

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

s o l u t i o n .  

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 h e   t h i o s u l p h a t e   s o l u t i o n   h a s   a  pH  of   a t   l e a s t - 2 .  

3.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i s e d   i n  

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

t h e   t h i o s u l p h a t e   s o l u t i o n   has   a  pH  of   a t   l e a s t   7 .  

4.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   3,  c h a r a c t e r i s e d   i n  

t h a t   t h e   t h i o s u l p h a t e   s o l u t i o n   h a s   a  pH  of   a t   l e a s t   9 .  

5.  A  p r o c e s s   a c c o r d i n g   to   any   p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in  t h a t   t he   t h i o s u l p h a t e   l e a c h   i s   c o n d u c t e d  

a t   a m b i e n t   t e m p e r a t u r e .  

6.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

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

f i n a l   s o l u t i o n   by  c e m e n t a t i o n .  

7.  A  p r o c e s s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

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

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