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8.1 INTRODUCTION 

S e v e r a l  m e t h o d s  c u r r e n t l y  e x i s t  by which g o l d  may be recovered from a 
pregnant  l e a c h  1  iquor.  Two o f  t hese  methods a r e  d iscussed i n  t h i s  chap te r ,  the  
Mer r i  11 - C r o w e  ( z i n c  cementat ion)  process and t h e  carbon adso rp t i on  process. 
These t w o  m e t h o d s  represen t  t h e  most f r e q u e n t l y  used techniques f o r  go ld  
e x t r a c t i o n  a n d  a r e ,  i n  f a c t ,  used a lmos t  e x c l u s i v e l y  i n  U.S. heap leach ing  
o p e r a t i o n s .  B e c a u s e  o f  t he  e f f i c i e n c y  and ease o f  use o f  these two methods, i t  
i s  e x t r e m e l y  l i k e l y  t hey  w i l l  c o n t i n u e  t o  be q u i t e  p reva len t  w i t h i n  t h e  go ld  
minlng i n d u s t r y  i n  y e a r s  t o  come. 

The r e m a i n d e r  o f  t h i s  c h a p t e r  i n c l u d e s  i n f o r m a t i o n  on the h i s t o r y  o f  the 
two p r o c e s s e s ,  d e s c r i p t i o n s  o f  t h e  a c t u a l  processes, c r i t e r i a  t o  cons ider  i n  
s e l e c t i n g  a  r e c o v e r y  process, and commercial design and c o n s t r u c t i o n  
c o n s i d e r a t i o n s  f o r  b o t h  o f  t h e  g o l d  r ecove ry  methods. As w i t h  o the r  chapters  
i n  t h l s  b o o k ,  some f a i r l y  t e c h n i c a l  i n f o r m a t i o n  i s  presented f o r  t h e  b e n e f i t  
o f  those r e a d e r s  need ing  a  g r e a t e r  1  eve1 o f  d e t a i l  . However, t h e  o v e r a l l  
i n t e n t  o f  t h e  c h a p t e r  i s  t o  p r o v i d e  an overv iew o f  t h e  processes 1  i k e l y  t o  be 
used i n  g o l d  e x t r a c t i o n ,  t h u s  g i v i n g  t h e  reade r  a  f i r m  bas is  f o r  more 
t e c h n l c a l  r e s e a r c h  i n t o  the t o p i c ,  shou ld  t h i s  be needed. 

8.1.1 H i s t o r y  o f  Z i n c  Cementation 

D u r i n g  t h e  l a t e  18901s, z i n c  cementat ion was in t roduced  f o r  the  
p r e c i p l t a t i o n  o f  g o l d  and s i l v e r  f rom cyanide s o l u t i o n s .  Th is  occurred a t  
about t h e  same t i m e  as t h e  i n t r o d u c t i o n  o f  t h e  cyan ida t i on  process, the  
h i s t o r y  of w h i c h  i s  recapped i n  Chapter 1. 

The i n i t i a l  cementa t ion  process i n v o l v e d  i n t r o d u c t i o n  o f  a  go ld-bear ing 
cyanide s o l u t i o n  o n t o  a  bed o f  z i n c  shavings. It proved t o  be q u i t e  
i n e f f i c i e n t  b e c a u s e  t h e  r e a c t i o n  r a t e  was v e r y  s low. The z i nc  q u i c k l y  became 
"passive", i n h i b i t i n g  f u r t h e r  g o l d  depos i t i on .  S h o r t l y  a f t e r  t h i s  f i r s t  
i n t r o d u c t i o n ,  z i n c  p r e c i p i t a t i o n  was improved by adding a  lead s a l t  ( u s u a l l y  
lead  n i t r a t e )  t o  t h e  z inc .  T h i s  a l l owed  a  z i nc - l ead  couple t o  form on t he  
surface o f  t h e  s h a v  i ngs ,  e l  i m i n a t i n g  p a s s i v a t i o n  o f  z i nc  sur faces and thereby 
a l l o w i n g  c o n t i n u e d  d e p o s i t i o n  o f  g o l d .  

F u r t h e r  improvements  were s h o r t l y  for thcoming.  'The f i r s t  o f  these 
i nvo l ved  t h e  u s e  of z inc  dus t  r a t h e r  t h a n  z i nc  shavings. This prov ided a  much 
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l a r g e r  s p e c i f i c  s u r f a c e  a rea  f o r  p r e c i p i t a t i o n  and g r e a t l y  speeded t h e  
r e a c t i o n  k i n e t i c s .  The d e a r e a t i o n  o f  go1 d - b e a r i n g  s o l u t i o n s  t o  an oxygen 
c o n c e n t r a t i o n  o f  l e s s  than  1 ppm s i g n i f i c a n t l y  reduced z i n c  consumpt ion  caused 
by o x i d a t i o n ,  aga in  r e s u l t i n g  i n  a  s i g n i f i c a n t  i n c r e a s e  i n  p r o c e s s  e f f i c i e n c y .  
The use o f  c l a r i f i e d ,  dea rea ted  l e a c h  l i q u o r s  was a  l o g i c a l  n e x t  s t e p  i n  t h i s  
process wh ich  u l t i m a t e l y  became known as t h e  M e r r i l l - C r o w e  p r e c i p i t a t i o n  
process,  named f o r  t h e  two men most  r e s p o n s i b l e  f o r  i t s  f i n a l  e v l o u t i o n  t o  a  
w i d e l y  used process. 

8.1.2 H i s t o r y  o f  Carbon Adsorption/Desorption/Electrowinning 

A c t i v a t e d  carbon was used e a r l y - o n  i n  t h e  development o f  g o l d  e x t r a c t i o n  
processes t o  adsorb  g o l d  v a l u e s  f rom l e a c h e d  p u l p s  i n  w h i c h  a  s o l i d - l i q u i d  
s e p a r a t i o n  (necessary  f o r  g o l d  e x t r a c t i o n  b y  M e r r i l l - C r o w e  p r o c e s s )  was 
d i f f i c u l t .  Once t h e  a c t i v a t e d  ca rbon  was l o a d e d  w i t h  g o l d ,  i t  was s e n t  t o  a  
s m e l t e r  and burned t o  r e c o v e r  t h e  g o l d .  The c o s t  o f  u s i n g  t h e  ca rbon  o n l y  
once, i n  comb ina t ion  w i t h  t h e  c o s t  o f  s m e l t i n g ,  r e n d e r e d  t h i s  process 
e c o n o m i c a l l y  u n a t t r a c t i v e .  However, t h e  p o t e n t i a l  o f  t h e  p rocess  was r e a l i z e d ,  
t hus  t r i g g e r i n g  a  p e r i o d  o f  i n t e n s i v e  r e s e a r c h  by t h e  U.S.  Bureau o f  Mines 
aimed a t  t h e  development o f  t e c h n i q u e s  f o r  s t r i p p i n g  and r e u s i n g  t h e  carbon.  A  
method o f  d e s o r p t i o n  was q u i c k l y  deve loped  u s i n g  a  c a u s t i c  sodium s u l f i d e  
s o l u t i o n ,  f o l l o w e d  by e l  e c t r o w i n n i n g  o f  go1 d. T h i s ,  however, p roved 
i n e f f e c t i v e  i n  s t r i p p i n g  s i l v e r  f r o m  t h e  ca rbon .  

F o l l o w i n g  f u r t h e r  modi f i c a t i o n ,  a  p r o c e s s  was deve loped (Zadra  e t  a1 . , 
1952) t o  e f f e c t i v e l y  s t r i p  b o t h  g o l d  and s i l v e r .  I t  employed a  h o t  NaOH-NaCN 
s o l u t i o n  t o  desorb t h e  l oaded  p r e c i o u s  m e t a l s .  E l e c t r o w i n n i n g  o f  t h e  s t r i p p i n g  
s o l u t i o n  t o  r e c o v e r  t h e  m e t a l s  was f o l l o w e d  b y  r e a c t i v a t i o n  o f  t h e  carbon 
th rough  h e a t i n g  i n  t h e  absence o f  a i r .  The p r o c e s s  was used s u c c e s s f u l l y  on a  
smal l  s c a l e  a t  t h e  G e t c h e l l  Mine,  Nevada, and a t  t h e  Golden C y c l e  Mine, 
C r i p p l e  Creek, CO, i n  t h e  1950 's .  The f i r s t  m a j o r  s u c c e s s f u l  commerc ia l  use o f  
t h i s  process occu r red  a t  Homestake's S o u t h  Dakota o p e r a t i o n s  i n  t h e  e a r l y  
1970's.  

8.2 PROCESS DESCRIPTION 

Chemis t ry  o f  Process. The c h e m i s t r y  o f  z i n c  p r e c i p i t a t i o n  depends m a i n l y  
on t h e  f a c t  t h a t  g o l d  and s i l v e r  m e t a l s  a r e  more n o b l e  t h a n  z i n c .  T h i s  means 
t h a t  t h e y  a r e  more a p t  t o  r e d u c e  t o  t h e i r  n a t i v e  s t a t e s  ( i .e. ,  AuO and Ago) 
t h a n  remain i n  a  g o l d  o r  s i l v e r - c y a n i d e  complex.  A  g e n e r a l i z e d  cemen ta t i on  
r e a c t i o n  may be w r i t t e n  as f o l l  ows (Zadra  e t  a1 . , 1952) : 

As t h e  g o l d  i s  p r e c i p i t a t e d ,  t h e  z i n c  combines w i t h  t h e  c y a n i d e  t o  fo rm 
a  z i n c - c y a n i d e  complex. H igh  pH (10.0+) i s  r e q u i r e d  t o  p r e c i p i t a t e  p r e c i o u s  
m e t a l s  and t o  m i n i m i z e  p r e c i p i t a t i o n  o f  copper  w h i c h  i s  a t  t i m e s  p r e s e n t  i n  
s o l u t i o n .  

D e t a i l e d  fundamental s t u d i e s  o f  t h e  k i n e t i c s  and mechanisms o f  g o l d  
p r e c i p i t a t i o n  were p u b l i s h e d  b y  N i c o l  e t  a l .  (1979) .  'Their  paper  i s  an 
e x c e l l e n t  r e f e r e n c e  f o r  i n f o r m a t i o n  c o n c e r n i n g  p r e c i p i t a t i o n  o f  p r e c i o u s  
m e t a l s  by z i n c  dus t .  
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Flowsheet.  Me r r i l l -C rowe  z i n c  p r e c . i p i t a t i o n  i s  the  most commonly used 
cementa t ion  process f o r  go ld  recovery ,  and c o n s i s t s  o f  f o u r  bas ic  steps 
( F i g u r e  8.1) : 

C l a r i f i c a t i o n  o f  t he  l each  l i q u o r ;  
Dearea t ion ;  
A d d i t i o n o f z i n c ( a n d 1 e a d  s a 1 t s ) ; a n d  
Recovery o f  Zn/Au p r e c i p i t a t e .  

The p r e c i p i t a t e  i s  then  smelted t o  recover  t h e  prec ious meta ls .  

S o l u t i o n  C h a r a c t e r i s t i c s  f o r  E f f i c i e n t  P r e c i p i t a t i o n .  Three types o f  
s o l u t i o n  c o n s t i t u e n t s  ( o r  p o t e n t i a l  c o n s t i t u e n t s )  can have a  major  e f f e c t  on 
t h e  e f f i c i e n c y  o f  t h e  z inc '  p r e c i p i t a t i o n  process7: suspended s o l  i h s ,  d i sso lved  
oxygen, and i n t e r f e r i n g  meta l  1  i c  ions .  

Suspended s o l i d s  can d r a s t i c a l l y  reduce process e f f i c i e n c y ,  thus  making 
c l a r i f i c a t i o n  (i e .  , t h e  process o f  removing suspended m a t e r i a l  from a  
s o l u t i o n )  t h e  most impo r tan t  s i n g l e  f a c t o r  i n  o b t a i n i n g  e f f i c i e n t  
p r e c i p i t a t i o n .  Through l ong  exper ience,  p re - coa t  pressure c l a r i f i c a t i o n  i s  
know t o  p r o v i d e  t h e  bes t  o p e r a t i o n a l  r e s u l t s .  When t h i s  method o f  
c l a r i  f i c a t i o n  i s  f o l l o w e d ,  p a r t i a l  removal o f  d i s so l ved  oxygen has a1 ready 
been ach ieved when t he  s o l u t i o n  e n t e r s  t h e  Crowe rece i ve r  ( o r  vacuum tower), 
where t h e  deoxygenat ion i s  completed. By c l a r i f y i n g  and deaera t ing  
s lmul taneous ly ,  a v a i l a b l e  vacuum i s  used more e f f i c i e n t l y .  

E f f i c i e n t  and complete p r e c i p i t a t i o n  o f  meta ls  from cyanide leach 
l i q u o r s  r e q u i r e s  t h a t  the  s o l u t i o n ,  a f t e r  c l a r i f i c a t i o n ,  be f u r t h e r  
c o n d i t i o n e d  by t h e  removal o f  d i s s o l v e d  oxygen. Even minute t races  o f  
d i s so l ved  oxygen have a d e l e t e r i o u s  e f f e c t  on complete p r e c i p i t a t i o n  because 
o f  p a s s i v a t i o n  o f  t h e  z i n c  su r f ace .  Vacuum deareat i -on removes d i s s o l v e d  oxygen 
from s o l u t i o n  and appears t o  be t h e  b e s t  process because i t  a l s o  removes 
carbon d i o x i d e .  Carbon d i o x i d e  can r e a c t  t o  form ca lc ium carbonate and b l  ind 
p r e c i p i t a t e  f i l t e r s .  

When meta l1  i c  z i n c  d i s s o l v e s  i n  a1 k a l i n e  cyanide so lu t i ons ,  hydrogen i s  
formed. Prov ided  t h e  d i s s o l v e d  oxygen has been s u b s t a n t i a l l y  removed 
( g e n e r a l l y  through vacuum dea ra t i on ,  as d iscussed above), the  hydrogen w i l l  
combine w i t h  and n u l l i f y  t h e  e f f e c t  o f  any oxygen remain ing i n  s o l u t i o n .  Zinc 
and cyan ide  consumption then decreases and t he  fo rmat ion  o f  troublesome by- 
p roduc ts  i s  m in im ized .  

Severa l  metal  1  i c  i ons  a re  known t o  have v a r y i n g  degrees o f  de t r imen ta l  
( i . e . ,  i n t e r f e r i n g )  e f f e c t s  on z i n c  cementat ion.  The most troublesome ions  are 
those o f  an t imony  and a r sen i c  ( F i n k e l s t e i n ,  1972). Concent ra t ions o f  these 
i ons  as l o w  as 1 ppm can reduce t h e  r a t e  o f  cementat ion by 20 percent .  High 
va lues  o f  t h e s e  i o n s  may be reduced by t r e a t i n g  t h e  m i l l  s o l u t i o n  w i t h  sodium 
s u l f i d e  and f i t  t e r i n g  t h e  r e s u l t i n g  i n s o l u b l e  ant imony and a rsen ic  s u l  f i des .  
However, a l l  s i l v e r  i n  t h e  m i l l  s o l u t i o n  i s  l o s t  when t h i s  process i s  used. 

The presence o f  copper i n  cyan ide  s o l u t i o n s  u s u a l l y  causes h i gh  cyanide 
consumption, and a1 so decreases p r e c i p i t a t i o n  e f f i c i e n c y  by passi  v a t i o n  o f  the 
z i n c ,  i f  a1 lowed t o  accumulate beyond c e r t a i n  l i m i t s .  However, w i t h  t he  use o f  
powdered z i n c ,  f r e s h  sur face  i s  exposed on a  cont inuous bas is ,  and hence go ld  
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and s i l v e r  P r e c  i p i t a t i o n  i s  u s u a l l y  complete.  M a i n t a i n i n g  h igher  f ree cyanide 
c o n c e n t r a t i o n  i n  t h e  p r e c i p i t a t i o n  c i r c u i t  no rma l l y  keeps t he  copper from 
p r e c i p i t a t i n g ,  t h e r e b y  r e d u c i n g  p a s s i v a t i o n  o f  t h e  z i n c  surface. 

The p r e s e n c e  o f  s m a l l  amounts o f  l e a d  i n  s o l u t i o n  has been found t o  be 
b e n e f i c i a l  t o  p r e c  i p i  t a t  i o n .  However, if lead  concen t ra t i ons  a re  too h i gh  
( i . e . .  g r e a t e r  t h a  20 ppm), subsequent  consumption o f  z i n c  i s  increased.  

8.2.2 Carbon A d s o r p t i o n  

A d s o r p t i o n  M e c h a n i s m .  Most t ypes  o f  charcoa l  w i l l  adsorb go ld  t o  some 
ex ten t ;  however ,  t h e  m o s t  e f f e c t i v e  charcoa l  i s  produced s p e c i f i c a l l y  f o r  
adso rp t i on  b y  c h a r r i n g  c o c o n u t  s h e l l s  o r  peach p i t s  a t  around 700 t o  800 
degrees Gel s i u  s i n t h e  p r e s e n c e  o f  steam (Mu i r ,  1982) . 

Dur ing t h e  l a s t  decade, a  number o f  i n v e s t i g a t i o n s  aimed a t  
unders tanding t h e  m e c h a n i s m  o f  a d s o r p t i o n  on to  carbon have been undertaken. 
Although t h e r e  i s  m u c h  c o n f u s i o n  and l i t t l e  agreement among the va r i ous  
researchers ,  a l l  s e e m  t o  ag ree  on t h e  f o l l ow - i ng  p o s t u l a t e :  

The a d s o r p t i o n  o f  g o l d  cyanide i n t o  a  porous charcoal  p a r t i c l e  
i n v o l v e s  t h e  s imu l t aneous  phenomena o f  pore d i f f u s i o n  and 
a d s o r p t i o n  o n t o  " a c t i v e  s i t e s "  o r  areas o f  the carbon hav ing  an 
a f f i n i t y  f o r  g o l d  and s i l v e r  (Davidson, 1982; Ha Cho, 1979a and 
1979b  ; M c D o u g a l l  , 1981) .  

I n v e s t i g a t i o n s  o n  t h e  a d s o r p t i o n  process usua l  l y  employ a  pore d i f f u s i o n  
~i iodel which I s  t h e  a d s o r p t i o n  i so therms t o  F reund l i ch  isotherms. Study o f  
carbon a d s o r p t i o n  k i n e t i c s  r e v e a l s  t h a t  t h e  a c t i v a t i o n  energy f o r  d i f f u s i o n  
demonstrates t h a t  t h e  l i m i t i n g  s t e p  i n  t he  r a t e  o f  adsorp t ion  i s  d i f f u s i o n .  
Without b e n e f i t  o f  f u r t h e r  t h e o r e t i c a l  development, s u f f i c e  i t  t o  say t h a t  a l l  
the  r e fe rences  1  i s t e d  above  a r e  e x c e l l e n t  sources f o r  more complete coverage 
o f  t he  s u b j e c t  m a t t e r .  

Carbon S p e c d f i c a t i o n .  Commerc ia l ly  a v a i l a b l e  carbon which i s  used i n  
go ld  e x t r a c t i o n  f r o m  l e a c h  l i q u o r s  u s u a l l y  comes i n  two s i zes  ( i . e . ,  minus 6 
p lus  16 mesh o r  m i n u s  1 2  - p l u s  30 mesh). These p roduc ts  are a v a i l a b l e  f rom 
severa l  s u p p l i e r s .  T h e  f o l l o w i n g  i s  a  t y p i c a l  s p e c i f i c a t i o n  l i s t  f o r  a c t i v a t e d  
carbon : 

S u r f a c e  a r e a ,  m2/gm 1050 - 1150 
A p p a r e n t  d e n s i t y  , g/cc  0.48 

1  b / f t 3  30 .O 
P a r t  i c 1 e d e n s i t y  , g/cc  0.85 
V o l d s  i n  d e n s e l y  packed column, % 40 

T y p i c a l l y ,  t h e  p r o d u c t  i s  a v a i l a b l e  i n  55-ga l  l o n  drums. 

U n i t  O p e r a t i o n .  The ca rbon  a d s o r p t i o n  process for recovery  o f  go ld  and 
s i l v e r  can be s e p a r a t e d  i n t o  t h r e e  major  s t eps :  

- G o l d  and s i l v e r  i s  adsorbed from the leach  l i q u o r  on to  
k W P a r t i c l e s ;  
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E l u t i o n  and r e a c t i v a t i o n  - Go ld  and s i l v e r  a r e  desorbed f rom t h e  
carbon i n t o  a  c o n c e n t r a t e d  so1 u t i o n  w i t h  t h e  s t r i p p e d  ca rbon  be ing  
regenera ted  and r e t u r n e d  t o  s t e p  1; and 

Recover - Gold  and s i l v e r  a r e  r e c o v e r e d  f rom t h e  c o n c e n t r a t e d  d b y  e l e c t r o w i n n i n g  o r  p r e c i p i t a t i o n  on z i n c  d u s t ;  t h e  
r e s u l t i n g  b a r r e n  s o l u t i o n  i s  r e t u r n e d  t o  t h e  e l u t i o n  and 
r e a c t i v a t i o n ,  and t h e  r e c o v e r e d  p r e c i o u s  m e t a l s  a r e  f i r e - r e f i n e d  
t o  dore b u l l  i o n .  

F i g u r e  8.2 ( f rom Jha, 1979) i l l u s t r a t e s  a  t y p i c a l  f l o w s h e e t  f o r  r e c o v e r y  
o f  g o l d  and s i l v e r  u s i n g  ca rbon  a d s o r p t i o n .  T h i s  f i g u r e  h i g h l i g h t s  t h e  
l o a d i n g ,  e l u t i o n ,  and r e c o v e r y  s t e p s  o f  t h e  process .  

Commercial o r  m i n e - s i  t e  l a b o r a t o r y  u n i t s  can use s e v e r a l  carbon 
a d s o r p t i o n  methods t o  p e r f o r m  t h e  t h r e e  s t e p s  i d e n t i f i e d  above. The paragraphs 
wh ich  f o l l o w  deal  p r i m a r i l y  w i t h  t h e  l o a d i n g  s t e p  and t h e  v a r i o u s  techn iques  
a v a i l a b l e  t o  e f f e c t  t h e  a c t u a l  a d s o r p t i o n  o n t o  ca rbon  p a r t i c l e s .  Chapter  9  
d iscusses i n  some d e t a i l  t h e  e l u t i o n  and r e a c t i v a t i o n  s t e p  as  w e l l  as t h e  
a c t u a l  r e c o v e r y  s tep .  

Three methods o f  l o a d i n g  a r e  commonly used and a r e  r e f e r r e d  t o  as:  1 )  
ca rbon - in -co l  umn l o a d i n g  (C IC)  ; 2 )  c a r b o n - i n - p u 1  p  1  o a d i n g  ( C I P )  ; and carbon- 
i n - l e a c h  l o a d i n g  ( C I L ) .  

C I C  l o a d i n g  r e s u l t s  when l e a c h  l i q u o r  i s  c o n t a c t e d  w i t h  ca rbon  v i a  a  
carbon-packed column. The 1  i q u o r  i s  passed t h r o u g h  t h e  c a r b o n  i n  an upward 
d i r e c t i o n ,  caus ing  t h e  c a r b o n  column t o  expand v e r t i c a l l y .  As a  r e s u l t  o f  t h i s  
v e r t i c a l  expansion,  t h e  t e r m  "expanded c a r b o n  bed" i s  a l s o  used t o  d e s c r i b e  
t h e  process.  

C I P  l o a d i n g  i n v o l v e s  t h e  i n t r o d u c t i o n  o f  l e a c h  l i q u o r  o r  o r e  p u l p  i n t o  
an a g i t a t i o n  tank  h a v i n g  c o u n t e r - c u r r e n t  a c t i o n  ( i . e . ,  t h e  c a r b o n  f l o w s  i n  one 
d i r e c t i o n ,  w h i l e  t h e  l i q u o r  o r  p u l p  f l o w s  i n  a n o t h e r ) .  

CIL l o a d i n g  i s  a c t u a l l y  a  l e a c h  c i r c u i t  v a r i a n t  t h a t  s e r v e s  t o  enhance 
s imul taneous d i s s o l u t i o n  and a d s o r p t i o n .  

8.3 SELECTING A SOLUTION RECOVERY SYSTEM 

T h i s  s e c t i o n  o u t l i n e s  c o n s i d e r a t i o n s  and g u i d e l i n e s  f o r  use i n  t h e  
s e l e c t i o n  o f  an a p p r o p r i a t e  m e t a l  r e c o v e r y  system. As w i t h  t h e  o t h e r  p a r t s  o f  
t h i s  chap te r ,  t h e  d i s c u s s i o n  focuses  on two processes - z i n c  p r e c i p i t a t i o n  and 
carbon adso rp t i on .  T a b l e  8 .1  p r e s e n t s  a  summary compar ison o f  t h e  two 
processes.  

8.3.1 When t o  Use Z i n c  P r e c i p i t a t i o n  

Z inc  d u s t  c e m e n t a t i o n ,  o r  M e r r i l l  -Cowe p r e c i p i t a t i o n  i s  t h e  most  w i d e l y  
used method f o r  g o l d  and s i l v e r  r e c o v e r y .  Because o f  i t s  s i m p l e  and e f f i c i e n t  
o p e r a t i o n ,  t h e  M e r r i l l - C r o w e  p rocess  i s  c u r r e n t l y  used a t  t h e  10 l a r g e s t  g o l d  
p roduc ing  mines i n  t h e  f r e e  w o r l d ,  a l l  o f  w h i c h  a r e  i n  Sou th  A f r i c a .  T h i s  
process i s  a t t r a c t i v e  f o r  use  a t  new mines where t h e  o r e  e x h i b i t s  a  h i g h  
s i l v e r  t o  go ld  r a t i o  ( r a n g i n g  f r o m  5 : l  t o  20:l). Ores w i t h  h i g h  s i l v e r  va lues  
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TABLE 8.1 - SUMMARY OF ADVANTAGES AND DISADVANTAGES OF 

CARBON ADSORPTION AND MERRILL-CRONE PRECIPITATION 

MERRILL-CRONE 

ADVANTAGES DISADVANTAGES 

Low l a b o r  c o s t s  f o r  o p e r a t i o n  Pregnant  s o l u t i o n  needs p r e -  
and maintenance ; t r e a t m e n t  p r i o r  t o  p r e c i  p i -  

t a t i o n .  

Low c a p i t a l  c o s t ;  and Process i s  s e n s i t i v e  t o  i n t e r -  
f e r i n g  i o n s ;  and 

Can handle l a r g e  s i l v e r  t o  Low p r e c i o u s  m e t a l  c o n c e n t r a -  
g o l d  r a t i o s  i n  t h e  p r e g n a n t  t i o n  i n  s o l u t i o n  i n c r e a s e s  t h e  
1 i quor . q u a n t i t y  o f  z i n c  r e q u i r e d  t o  

p r e c i p i t a t e  an ounce o f  m e t a l .  

CARBON SYSTEMS 

ADVANTAGES DISADVANTAGES 

No pre-  t r e a t m e n t  o f  p r e g n a n t  H igh  s i l v e r  g rade i n  p regnan t -  
1 i quor r e q u i  red  ; l i q u o r  r e s u l t s  i n  h i g h  ca rbon  

movement ; 

Process hand1 es s l  imy  and 
carbonaceous o res ;  and 

Carbon i s  s u s c e p t i b l e  t o  f o u l -  
i n g  by c a l c i u m  and magnesium 
s a l t s ;  

Very e f f i c i e n t  r e c o v e r i e s ,  Carbon r e g e n e r a t i o n  and s t r i p -  
i r r e s p e c t i v e  o f  i n c o m i n g  p i n g  i s  l a b o r  i n t e n s i v e ;  and 
p r e c i o u s  me ta l  c o n c e n t r a t i o n .  - A d s o r p t i o n  processes have a 

h i g h e r  c a p i t a l  c o s t  t h a n  z i n c  
cemen ta t i on  o p e r a t i o n s .  
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p r e s e n t  s i g n i f i c a n t  problems t o  ca rbon  a d s o r p t i o n  c i r c u i t s  because t h e  s i l v e r  
causes h i g h  ca rbon  s t r i p p i n g  r e q u i r e m e n t s  w h i c h  may be economica l l y  
p r o h i b i t i v e .  Seve ra l  o f  t h e  e x i s t i n g  o p e r a t i o n s  u s i n g  M e r r i l l  -Crowe 
p r e c i p i t a t i o n  a c t u a l l y  e x p e r i e n c e  h i g h e r  s i l v e r  r e c o v e r i e s  than  g o l d .  

One o t h e r  advantage t o  t h e  z i n c  c e m e n t a t i o n  sys tem i s  t h a t  once dyamic 
e q u i l i b r i u m  ( s t e a d y  s t a t e )  i s  reached  i n  t h e  p r o c e s s  p l a n t s ,  r e l a t i v e l y  few 
peop le  a r e  r e q u i r e d  f o r  o p e r a t i o n  and m a i n t a i n e n c e  ( i . e . ,  o n l y  s imp le  v a l v e  
o p e r a t i o n  and m e t e r  r e a d i n g  t a s k s  a r e  r e q u i r e d ) .  

The process  does, however, have some d i sadvan tages .  The l e a c h  l i q u o r  
must  be t r e a t e d  ( i  e . ,  c l a r i f i e d  and d e a r e a t e d )  p r i o r  t o  p r e c i p i t a t i o n .  
Indeed,  as n o t e d  i n  a  p r e c e d i n g  s e c t i o n ,  i n e f f i c i e n t  p r e t r e a t m e n t  i s  
d e t r i m e n t a l  t o  s u c c e s s f u l  p r e c i  p i  t a t i o n .  O the r  d i sadvan tages  stem f rom t h e  
process  b e i n g  q u i t e  dependent  on and s e n s i t i v e  t o  t h e  p regnan t  l i q u o r  
c o m p o s i t i o n .  Lower g o l d  c o n c e n t r a t i o n s  i n  t h e  f e e d  s o l u t i o n  r e s u l t  i n  h i g h e r  
z i n c  consumpt ion.  T h i s  i s  because t h e  z i n c  i s  m o s t l y  used t o  p r e c i p i t a t e  a l l  
o f  t h e  o t h e r  m e t a l s  i n  s o l u t i o n  b e f o r e  g o l d  and s i l v e r  a r e  recovered.  Also,  
i n t e r f e r i n g  i o n s  such as a r s e n i c  and an t imony  can be p rob lemat i c ,  l e a d i n g ,  i n  
some cases, t o  t h e  c o n s i d e r a t i o n  o f  o t h e r  r e c o v e r y  methods. 

8.3.2 When t o  Choose Carbon A d s o r p t i o n  

A c t i v a t e d  carbon r e c o v e r y  systenis have ga ined  a  wide acceptance -in t h e  
g o l d  i n d u s t r y  w i t h i n  t h e  l a s t  10  y e a r s .  As a l l u d e d  t o  e a r l i e r ,  one o f  t h e  
ma jo r  advantages o f  t h i s  p rocess  i s  r e l a t e d  t o  t h e  f a c t  t h a t  l e a c h  1  i q u o r  does 
n o t  have t o  be t r e a t e d  p r i o r  t o  r e c o v e r y .  I n  t h e  C I C  p rocess  (wh ich  i s  
commonly used i n  c o n j u n c t i o n  w i t h  heap l e a c h i n g )  t h e  pregnant  l i q u o r  i s  r u n  
th rough  a  bed o f  c a r b o n  w i t h o u t  p r e t r e a t m e n t .  

S l i m y  and carbonaceous o r e s  p r e s e n t  few prob lems t o  carbon a d s o r p t i o n  
systems, u n l i k e  t h e  M e r r i l l - C r o w e  sys tem w h i c h  i s  s e n s i t i v e  t o  t hese .  The CIP 
o r  CIL  processes e l  i m i n a t e  t h e  need f o r  compl i c a t e d  s o l  i d - 1  i q u i d  sepa ra t i on .  
Carbon systems seem t o  o p e r a t e  a t  a  maximum e f f i c i e n c y ,  i r r e s p e c t i v e  o f  feed 
s o l u t i o n  grade.  Thus, r e c o v e r i e s  may be b e t t e r  w i t h  ca rbon  systems i f  none o f  
t h e  c o m p l i c a t i n g  f a c t o r s  d i s c u s s e d  be low o r  l i s t e d  o n  Tab le  8 .1  a r e  i n v o l v e d .  
However, t h e  ca rbon  can e a s i l y  be f o u l e d  by d i s s o l v e d  s a l t s ,  i n  p a r t i c u l a r  
c a l c i u m  o r  magnesium ca rbona tes .  Carbon can a l s o  be f o u l e d  by o r g a n i c  
compounds l i k e  o i l  s  and f l o t a t i o n  reagen ts .  

Carbon systems t e n d  t o  be more l a b o r  i n t e n s i v e ,  o f t e n  r e q u i r i n g  f r e q u e n t  
a c i d  washing o r  r e a c t i v a t i o n .  The e l u t i o n  and r e g e n e r a t i o n  s teps  a r e  t h e  most 
expens ive  p a r t s  o f  t h e  f l o w s h e e t .  P ressu re  s t r i p p i n g  appears t o  be t h e  niost 
popu la r  method i n  c u r r e n t  use,  a l t h o u g h  work  i s  c o n t i n u i n g  on development o f  
s e v e r a l  o r g a n i c  s t r i p p i n g  methods.  F o l l o w i n g  ca rbon  s t r i p p i n g ,  a  process  such 
as z i n c  c e m e n t a t i o n  o r  e l e c t r o w i n n i n g  must  be used t o  t r e a t  t h e  c o n c e n t r a t e d  
1  i q u o r  ; each o f  t h e s e  supp lemen ta ry  processes p r e s e n t s  i t s  own o p e r a t i o n a l  
compl i c a t i o n s .  

W i t h  b o t h  M e r r i l l - C r o w e  and ca rbon  systems, i t  i s  p ruden t  t o  i n v e s t i g a t e  
t h e  e x i s t e n c e  and e f f e c t  o f  m e r c u r y  i n  t h e  p r e g n a n t  s o l u t i o n .  I n c r e a s i n g l y ,  
o p e r a t i o n s  a r e  h a v i n g  t o  dea l  w i t h  o p e r a t i o n a l  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  
t h e  e x i s t e n c e  o f  mercury .  Mercu ry  t e n d s  t o  be d e t r i m e n t a l  t o  t h e  o p e r a t i o n ,  
c a u s i n g  an i n c r e a s e  i n  t h e  consumpt ion  o f  z i n c  on t h e  one hand, and d e c r e a s i n g  
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t h e  u l t i m a t e  l o a d i n g  o f  g o l d  o n t o  t h e  ca rbon ,  on  t h e  o t h e r .  M e r c u r y  p a s s i f i e s  
t h e  z i n c  i n  t h e  M e r r i l l - C r o w e  process ,  and o c c u p i e s  v a l u a b l e  a c t i v e  s u r f a c e  
space i n  carbon a d s o r p t i o n .  

8.3.3 Economic C o n s i d e r a t i o n s  

Severa l  economic compar isons  have been made between c a r b o n  systems and 
M e r r i l l - C r o w e  systems. One o f  these,  a  s y s t e m a t i c  compar ison comp le ted  by  
DeMent and King (1982) i s  summarized below. 

F i v e  sepa ra te  c o n v e n t i o n a l  m i l l s  i n v o l v i n g  b o t h  M e r r i l l - C r o w e  and t h e  
CIP processes were compared f rom an economic v i e w p o i n t .  The g o l d  c o n c e n t r a t i o n  
on t h e  feed l e a c h  l i q u o r  ranged  f r o m  0.428 t o  0.054 oz o f  g o l d  p e r  t o n  (14.6 
t o  1.8 g/mt)  o f  s o l u t i o n .  

C a p i t a l  c o s t s  a t  t h e  f r o n t  end o f  a  CIP p l a n t  a r e  based on i ncoming  f l o w  
r a t e ,  and a r e  n o t  a  f u n c t i o n  o f  t h e  g o l d  grade.  However, t h e  c a p i t a l  c o s t s  o f  
carbon s t r i p p i n g  r e c o v e r y  p o r t i o n s  do v a r y ,  as t h e y  a r e  dependent  on t h e  grade 
o f  g o l d  i n  t h e  s o l u t i o n .  Carbon r e g e n e r a t i o n  i s  a l s o  dependent  on t h e  amount 
o f  carbon processed. On t h e  o t h e r  hand, w i t h  a  M e r r i l l - C r o w e  process ,  t h e  
t o t a l  c a p i t a l  c o s t  i s  s o l e l y  a  f u n c t i o n  o f  t h e  i n i t i a l  f l o w  r a t e .  

Opera t i ng  c o s t s  v a r y  i n  t h e  CIP p l a n t  a c c o r d i n g  t o  t h e  g rade  o f  g o l d  i n  
t h e  l e a c h  l i q u o r .  T h i s  c o s t  does n o t  v a r y  w i t h  t h e  M e r r i l l - C r o w e  e x c e p t  i n  t h e  
case o f  z i n c  usage wh ich  i n c r e a s e s  w i t h  h i g h e r  i n p u t  c o n c e n t r a t i o n s .  

Gold l o s s e s  i n  c o n v e n t i o n a l  C I P  p l a n t s  r e s u l t  f r o m  p r e g n a n t  v a l u e s  w h i c h  
a r e  n o t  adsorbed o n t o  ca rbon  and a re  t h e r e f o r e  d i s c a r d e d  t o  t a i l s .  Another  
g o l d  l o s s  occurs  whenever g o l d  i s  l o a d e d  o n t o  v e r y  f i n e  ca rbon  p a r t i c l e s .  T h i s  
f i n e  carbon passes a l l  s c r e e n s  and a l s o  ends up i n  t a i l i n g s .  The ma in  g o l d  
l o s s  i n  a  M e r r i l l - C r o w e  c i r c u i t  has a  much d i f f e r e n t  sou rce  ( i  .e., i t  r e s u l t s  
f rom incomp le te  washing o f  t h e  f i l t e r  cake  on t h e  p r e c i p i t a t e  p r e s s e s ) .  

DeMent and K i n g ' s  r e s u l t s  a r e  based on e s t i m a t e d  c o s t s  o f  a  CIP and 
M e r r i l l - C r o w e  p l a n t ,  b e a r i n g  i n  mind t h a t  c o s t s  a r e  dependent  on t h e  
p a r t i c u l a r  c h a r a c t e r i s t i c s  o f  each ore .  However, i t  seems p e r t i n e n t  t o  p o i n t  
o u t  t h a t  w i t h i n  one o p e r a t i o n  u s i n g  M e r r i l l - C r o w e  p r e c i p i t a t i o n ,  t h e  a u t h o r ' s  
persona l  expe r ience  showed t h a t  f o r  a  1  ower grade 1  each 1  i quor ,  M e r r i  11 -Crowe 
was s e l e c t e d .  In t h e  p l a n t  i n  q u e s t i o n ,  t h e  d e c i s i o n  was made t o  use z i n c  
p r e c i p i t a t i o n  based on t h e  v a r y i n g  grade o f  p regnan t  l i q u o r  ( f r o m  0.075 ounces 
pe r  t o n  t o  0.010 ounces p e r  t o n  (2 .6  t o  0.3 g /mt )  g o l d ) .  As o p e r a t i n g  c o s t s  
were n e g l i g i b l y  a f f e c t e d  b y  t h i s  v a r i a t i o n ,  t h e  d e s i g n  d e c i s i o n  proved 
p r o f i t a b l e .  

It i s  wor th  n o t i n g  t h a t  o p e r a t i o n s  do e x i s t  wh ich  combine carbon 
a d s o r p t i o n  w i t h  z i n c  p r e c i p i t a t i o n .  U s u a l l y  a  z i n c  p r e c i p j t a t i o n  p l a n t  i s  
f o l l o w e d  by a  C I C  s e t  up. T h i s  i s  done t o  enchance t h e  removal  o f  g o l d  f rom 
b a r r e n  s o l u t i o n  coming f r o m  t h e  z i n c  c i r c u i t .  Ve ry  f r e q u e n t l y ,  i f  no c l e a r  
d i s t i n c t i o n  i s  e v i d e n t  as t o  whe the r  z i n c  o r  c a r b o n  i s  t h e  b e s t  cho i ce ,  t h e  
f i n a l  d e c i s i o n  i s  based on t h e  p a r t i c u l a r  e x p e r i e n c e  o f  t h e  p r o j e c t  personne l  
who w i l l  be o p e r a t i n g  t h e  proposed p l a n t .  
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8.4 COMMERCIAL DESIGN 8 CONSTRUCTION 

8.4.1 Zinc P r e c i p i t a t i o n  

Por tab le  Un i t s /She l f  Un i t s .  Depending on t he  expected f l ow  r a t e  and the  
s i z e  of ope ra t i on ,  M e r r i l l - C r o w e  z i n c  p r e c i p i t a t i o n  u n i t s  can come i n  a  
v a r i e t y  o f ' s i z e s .  These range from 20 ga l ' lons 'per  m inu te  (1.3 l l s e c )  i n  smal l  
se l f - con ta ined  u n i t s  t o  4,000 - 5,000 gpm (250 t o  315 l / s e c )  throughput  i n  
custom p lan t s .  

Smaller skid-mounted u n i t s  a r e  a v a i l a b l e  f rom severa l  suppl  i e r s .  Each 
u n i t  comes equipped w i t h  a l l  t h e  necessary  pumps and p i p i n g .  A l l  t he  user  must 
prov ide i s  a  feed l i n e  t o  t h e  u n i t ,  an e f f l u e n t  ( ba r ren )  l i n e  out ,  and 
e l e c t r i c a l  supply .  These u n i t s  a r e  v e r y  u s e f u l  f o r  ranges o f  f l ows  from 50 t o  
250 gpm ( 3  t o  16 l / s e c ) .  They a r e  e a s i l y  assembled o r  d ismant led and o f t e n  are 
mounted on t r a i l e r s  f o r  easy t r a n s p o r t a t i o n .  However, beyond a  c e r t a i n  p o i n t ,  
i t  becomes apparent  t h a t  t he  f i l t r a t i o n  s u p p l i e d  w i t h  these u n i t s  i s  
i n s u f f i c i e n t  f o r  o p t  inium o p e r a t i o n .  The o p e r a t o r  may spend more t ime c l e a n i n g  
t he  c l a r i f i e r  f i l t e r s  than a c t u a l l y  t r e a t i n g  s o l u t i o n .  It i s  f o r  t h i s  reason 
t h a t  opera t ions  a r e  custom des igned  f o r  hand1 i n g  l a r g e  d a i l y  volumes o f  
pregnant s o l u t i o n .  

Custom Designed Un i t s .  Here t h e  c h o i c e  o f  s i z e  and volume throughput  i s  
no t  l i m i t e d .  T y p i c a l l y ,  t he  des igns  a re  based on  an expected volume o f  
requirements , w i t h  a  b u i l t - i n  ove r -des ign  i nc l uded .  S t a t i o n a r y  pressure 
f i l t e r s ,  o r  the  leaf-vacuum t ype ,  a re  i n c o r p o r a t e d  as we11 as vacuum 
deareators. P l a t e  and frame p resses  a r e  o f t e n  a  s tandard .  Larger  throughputs  
o f  these p l a n t s  j u s t i f y  i n s t r u m e n t a t i o n  such as t u r b i d i m e t e r s  o r  con t inuous  
f low ( in-1 i n e )  oxygen probe d e t e c t o r s  t o  f a c i l  i t a t e  t h e  ope ra t i on  and improve 
e f f i c i ency .  

Disadvantages a r e  i nhe ren t  w i t h  t h e  s i z e  o f  t h e  p l a n t s .  They a re  u s u a l l y  
permanent i n s t a l  1  a t i o n s  and a r e  expens i ve  t o  r e 1  oca t e  . 
8.4.2 Carbon Adsorp t ion  

Small Commercial Operat ions.  As w i t h  z i n c  cementat ion u n i t s ,  a  l a r g e  
v a r i e t y  o f  s i z e s  o f  carbon a d s o r p t i o n  u n i t s  a r e  a v a i l a b l e .  Al though o n l y  a  few 
shel f  u n i t s  a r e  a v a i l a b l e ,  columns a r e  des igned f o r  s p e c i f i c  leach 1  i quo r  f l o w  
ra tes  . 

Smaller u n i t s  a r e  designed t y p i c a l l y  w i t h  f o u r  o r  f i v e  columns i n  
se r ies .  The pregnant l i q u o r  f lows th rough  a  bed o f  a c t i v a t e d  carbon. The 
so lu t i on  i s  then rou ted  from t h e  t o p  o f  t h e  f i r s t  column, through another  bed 
o f  carbon i n  t h e  bot tom o f  column 2, i n  t h e  f o l l o w i n g  fash ion  (F i gu re  8.3). 
The carbon i s  eductedl coun te r  c u r r e n t l y  f rom t h e  f l o w  o f  t he  leach  l i q u o r .  
Thus, i n  t h e  F igure  8.3 example, t h e  carbon f l ows  f rom t h e  l a s t  column ( # 3 )  t o  
the  second, and then  t o  column #1. Fresh carbon i s  in t roduced  t o  column #3 and 
f u l l y  loaded carbon i s  removed f rom column # l .  

l ~ d u c t i o n  r e f e r s  t o  t he  t r a n s p o r t a t i o n  o f  carbon i n  a s l u r r y .  
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Large Commercial Opera t ions .  L a r g e r  p l a n t s  i n c o r p o r a t e  l a r g e r  co lumns 
t o  hand le  t h e  l a r g e r  volume th roughpu ts .  Most  p l a n t s  o p e r a t e  w i t h  a  c a r b o n  bed 
expansion approach ing 60 t o  70 pe rcen t .  T h e r e f o r e ,  t h e  b o t t o m  1 / 3  o f  t h e  
column i s  l oaded  w i t h  carbon, such t h a t  a f t e r  expans ion  t h e  c a r b o n  co lumn 
depth  amounts t o  r o u g h l y  t w o - t h i r d s  o f  t h e  t a n k  dep th ;  o n e - t h i r d  o f  t h e  d e p t h  
i s  a v a i l a b l e  f o r  f ree-board .  

FIGURE 8.3 TYPICAL CONFIGURATION OF A  
CARBON-IN-COLUMN PLANT 

SOLUTION FLOW 

COLUMN 

OF  CARBON 

Genera l l y ,  t h e  s o l u t i o n  f l o w  r a t e  r e q u i r e d  t o  m a i n t a i n  f l u i d i z a t i o n  i n  
bed o f  ca rbon  c o n t a i n i n g  minus 6  - p l u s  1 6  mesh p a r t i c l e s  i s  a b o u t  25 gpm/ f t  5 
(17 l / s /m2)  o f  c r o s s - s e c t i o n a l  a r e a  o f  t h e  column, whereas f o r  t h e  minus  12 - 
p l u s  30 mesh carbon,  t h e  r e q u i r e d  f l ow  i s  15  gpm/f t2 (10  l / s /m2) .  Under t h e s e  
c o n d i t i o n s ,  t h e  ca rbon  bed expands a b o u t  60 p e r c e n t .  

As can be seen, t h e  column d i a m e t e r  r e q u i r e m e n t s  a r e  dependent  on t h e  
f l o w  r a t e  requ i remen ts .  Whereas s m a l l e r  o p e r a t i o n s  m i g h t  s t o c k p i l e  t h e i r  
loaded ca rbon  and t r e a t  i t  e l sewhere  i n  b u l k ,  l a r g e r  o p e r a t i o n s  wou ld  have 
e l u t i o n  - r e g e n e r a t i o n  - r e c o v e r y  u n i t  o p e r a t i o n s  on  s i t e .  
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