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SEPARATION SCIENCE AND TECHNOLOGY, 18(12&13), Pp. 1081-1094,1983 

Recovery of Gold and Silver from Ores by 
Hydrometallurgical Processing 

J.  A .  EISELE, A .  F. COLOMBO, AND G. E. McCLELLAND 
RENO RESEARCH CENTER 
BUREAU O F  MINES 
U.S. DEPARTMENT OF THE INTERIOR 
RENO, NEVADA 89512 

ABSTRACT 

The Bureau of Mines has played an  impor t an t  role i n  t h e  
r e v i v a l  of precious-metal  mining i n  t h e  Western United S t a t e s .  
During t h e  p a s t  30 yea r s ,  many techniques  used by i n d u s t r y  to  re- 
cover gold  and s i l v e r  w e r e  p ioneered  and developed by t h e  Bureau 
of Mines. I n  1952, t echnology w a s  developed t o  s t r i p  gold  from 
q r a n u l a r  a c t i v a t e d  carbon and a l l o w  t h e  carbon t o  be reused. I n  
1969, t h e  heap l each ing  concept  w a s  a p p l i e d  t o  low-grade gold  and 
s i l v e r  o r e s  and mine wastes. Heap l each ing  i n  con junc t ion  wi th  
carbon adsorp t ion-desorp t ion  permits very  l o w  va lue  material to  be 
economica l ly  processed .  I n  1970, an o x i d a t i o n  t r ea tmen t  based on 
h y p o c h l o r i t e  w a s  developed t o  i n c r e a s e  t h e  recovery  of go ld  from 
carbonaceous gold  ores by cyan ida t ion .  I n  t h e  e a r l y  1 9 5 0 ' ~ ~  
a t t e m p t s  w e r e  made t o  employ carbon-in-pulp technology t o  recover  
go ld  from ores, b u t  t h e  f i x e d  p r i c e  of go ld  and i n c r e a s i n q  opera- 
t i o n a l  costs made cyan ida t ion  u n p r o f i t a b l e .  The Bureau of Mines 
and Homestake Mining Co. j o i n t l y  ope ra t ed  a carbon-in-pulp p i l o t  
p l a n t ,  and t h e  technology w a s  used i n  f u l l - s c a l e  p roduc t ion  a t  the 
Homestake Mine i n  1972. I n  1973, a p r e s s u r e  s t r i p p i n g  method, 
which decreased  t h e  t i m e  needed f o r  t h e  s t r i p p i n g  s t e p ,  w a s  
developed t o  deso rb  gold  and s i l v e r  from carbon. An a l c o h o l  
d e s o r p t i o n  method, developed i n  1976, also decreased  t h e  carbon 
s t r i p p i n g  t i m e .  I n  1979, an  agglomera t ion  p r e t r e a t m e n t  w a s  
developed tha t  pe rmi t t ed  c l ayey  p rec ious  metal ores to  be heap- 
leached. Almost a l l  precious-metal-mining companies use  a t  least 
one of t h e  above techniques  i n  p roduc t ion  f a c i l i t i e s .  
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1082 EISELE, COLOMBO, AND McCLELLAND 

INTRODUCTION 

The i n t r o d u c t i o n  of cyanide  l each ing  i n  t h e  1 8 9 0 ' s  revolu-  

t i o n i z e d  t h e  p rocess ing  of go ld  and s i l v e r  o re s .  S ince  t h a t  t i m e  

t h e  s t anda rd  hydrometa l lu rg ica l  process to recove r  gold  and 

s i l v e r  from disseminated  ores has become cyanide  l each ing  i n  a 

c o u n t e r c u r r e n t  d e c a n t a t i o n  (CCD) p l a n t  ( 1 ) .  The o p e r a t i o n  of a 

conventLona1 CCD p l a n t  is shown s c h e m a t i c a l l y  i n  f i g .  1 and con- 

sists of t h e  fo l lowing  s t e p s :  ( 1 )  The o r e  is crushed  and ground. 

( 2 )  Durinq g r ind ing ,  t h e  ore is s l u r r i e d  wi th  d i l u t e  basic cya- 

n i d e  s o l u t i o n  t y p i c a l l y  con ta in ing  0.1% NaCN and enough CaO t o  

main ta in  t h e  pH a t  10-11. ( 3 )  The s l u r r y  i s  a g i t a t e d  i n  a series 

of l each ing  t anks  t o  g ive  a t o t a l  l each ing  t i m e  of 1 2  t o  48 h,  

which depends on t h e  c h a r a c t e r i s t i c s  of t h e  ore. ( 4 )  The s l u r r y  

is th ickened  and c o u n t e r c u r r e n t l y  washed i n  a series of t h i ck -  

e n e r s .  ( 5 )  The pregnant  s o l u t i o n  from t h e  f i r s t  t h i ckene r  is 

c l a r i f i e d  by f i l t r a t i o n  and deae ra t ed  by vacuum. (6) Zinc powder 

is  added to p r e c i p i t a t e  t h e  gold and/or s i l v e r .  ( 7 )  The gold- 

s i l v e r - z i n c  sponge i s  f i l t e r e d  and r e f i n e d  t o  b u l l i o n .  ( 8 )  The 

ba r ren  cyanide  s o l u t i o n  is r e t u r n e d  t o  t h e  washing-leaching 

c i r c u i t ,  and makeup cyanide  and base a r e  added. 

Gold-s i lver  recovery  from pregnant  s o l u t i o n s  by z i n c  precip- 

i t a t i o n  can p r e s e n t  problems. I d e a l l y ,  the p regnan t  s o l u t i o n  

should  be clear be fo re  p r e c i p i t a t i o n  and must be deaera ted .  This  

can be d i f f i c u l t  to  ach ieve  wi th  many s l imy ores. P r e c i p i t a t i o n  

i s  a l s o  an  i n e f f i c i e n t  method f o r  r ecove r ing  gold from d i l u t e  

s o l u t i o n s .  D i f f e r e n t  forms of carbon, e s p e c i a l l y  a c t i v a t e d  ca r -  

bon, w e r e  known t o  be good adso rhe r s  of gold  and s i l v e r  cyanide  

from s o l u t i o n .  However, s i n c e  t h e  on ly  known means t o  recover  

t h e  qold and s i l v e r  from t h e  carbon w a s  t o  burn it, carbon w a s  

n o t  used e x t e n s i v e l y .  I n  a few cases, where s l imy  ores were 

be ing  t r e a t e d ,  gold a d s o r p t i o n  on carbon was the p r e f e r r e d  method 

t o  recover  t h e  p rec ious  metal va lues  because the c l a r i f i c a t i o n  
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1084 EISELE, COLOMBO, AND McCLELLAND 

s t e p  w a s  e l imina ted .  The precious-metal-loaded carbon w a s  re- 

covered from t h e  s l u r r y  by sc reen ing  or f l o t a t i o n .  

PRECIOUS METALS ADSORPTION-DESORPTION 

I n  t h e  la te  1 9 4 0 ' ~ ~  Bureau of Mines r e s e a r c h e r s  were looking 

f o r  ways t o  s t r i p  t h e  p rec ious  metals from loaded carbon and 

enab le  t h e  carbon t o  be used a number of times. A s u r p l u s  of 

a c t i v a t e d  carbon from World War 11, which w a s  manufactured from 

f r u i t  p i t s ,  w a s  a v a i l a b l e  a t  p r i c e s  tha t  made its use  cheaper 

than  us ing  z inc .  A means f o r  deso rb ing  and r e c y c l i n g  the carbon 

would make it a very  economical p rocess  f o r  t h e  recovery  of go ld .  

I n  1950, an a l k a l i n e  Na2S s t r i p p i n g  method which e l u t e d  t h e  go ld ,  

b u t  n o t  t h e  s i l v e r ,  from carbon w a s  desc r ibed  ( 2 ) .  Since  most 

o r e s  c o n t a i n  some s i l v e r ,  and s i l v e r  i n  some ores is t h e  primary 

va lue ,  t he  s u l f i d e  s t r i p p i n g  method w a s  n o t  s a t i s f a c t o r y  because 

t h e  carbon would e v e n t u a l l y  be loaded wi th  u n s t r i p p a b l e  s i l v e r .  

I n  1952, Bureau r e s e a r c h e r s  publ i shed  a method f o r  deso rb ing  gold 

and s i l v e r  from loaded carbon ( 3 ) .  Prec ious  metals w e r e  s t r i p p e d  

by c o n t a c t i n g  t h e  carbon wi th  a b o i l i n g  NaOH-NaCN s o l u t i o n .  With 

each pass  of t h e  s o l u t i o n  through t h e  carbon bed, some of t h e  

gold  and s i l v e r  w a s  removed. The s o l u t i o n  e n t e r e d  an e l e c t r o l -  

y s i s  c e l l  where t h e  gold and s i l v e r  w e r e  depos i t ed  on t h e  

cathode. The ba r ren  s o l u t i o n  w a s  r ehea ted  and r ecyc led  through 

t h e  carbon. A 1% NaOH-0.1% NaCN s o l u t i o n  a t  i t s  b o i l i n g  p o i n t  

desorbed more than  90% of t h e  gold  and s i l v e r  i n  4 t o  6 h. The 

carbon could  be reused  up t o  t e n  times wi thou t  l o s i n g  s i g n i f i c a n t  

a c t i v i t y .  

Carbon adsorp t ion-desorp t ion  pe rmi t t ed  go ld - s i lve r  recovery  

from s l imy o r e s ,  o r  t h e  s l imy  p o r t i o n  of o r e s ,  by e l i m i n a t i n g  t h e  

requi rement  of a c l a r i f i e d  s o l u t i o n .  Th i s  became t h e  foundat ion  

f o r  two impor tan t  developments i n  gold  and s i l v e r  ore process ing:  

carbon-in-pulp (CIP) cyan ida t ion  and heap leaching .  The c y l i n -  
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GOLD AND SILVER FROM ORES 1085 

d r i c a l  e l e c t r o l y t i c  ce l l  o r i g i n a l l y  descr ibed i s  s t i l l  used f o r  

e lectrowinning and is commonly r e f e r r e d  t o  as a "Zadra" cel l ,  

even though many u n i t s  i n  commercial use have been modified. 

Rectangular e lectrowinning cells a r e  a l s o  used and make better 

use of f l o o r  space than c y l i n d r i c a l  cells. The NaOH-NaCN 

e l e c t r o l y t e  and steel  wool cathode remain common t o  a l l  the 

electrowinning cells. The Bureau's desorption-electrowinning 

process ,  known as the Zadra process ,  has been u t i l i z e d  i n  cyanide 

m i l l i n g  f o r  more than 30 years.  

Although gold and s i l v e r  were e l u t e d  from the f r u i t  p i t  car-  

bon i n  4 t o  6 h i n  p i l o t - s c a l e  tests, t h i s  was no t  t he  gene ra l  

case. C o m m e r c i a l  p r a c t i c e ,  which had adopted carbons made from 

coconut s h e l l s ,  showed t h a t  24 t o  48 h were required t o  desorb 

more than 90% of the  precious metals with a l k a l i n e  cyanide solu- 

t i o n  heated to bo i l ing .  Although this was better than n o t  being 

a b l e  t o  s t r i p  the carbon, t he  long s t r i p p i n g  time was undesir-  

able. Bureau research w a s  d i r e c t e d  toward ways to  decrease the  

s t r i p p i n g  t i m e .  Two methods, p re s su re  s t r i p p i n g  and a l k a l i n e -  

a l coho l  s t r i p p i n g ,  were developed and g r e a t l y  decreased the  

desorpt ion t i m e .  

In  1973 Bureau r e sea rche r s  showed t h a t  by using a p res su re  

v e s s e l  and inc reas ing  the  temperature of t he  s t r i p p i n g  so lu t ion ,  

gold could be s t r i p p e d  from carbon i n  2 t o  6 h ( 4 ) .  The loaded 

carbon was conditioned with c a u s t i c  cyanide s o l u t i o n  a t  90' C and 

e l u t e d  with w a t e r  a t  150' C. Another advantage w a s  t h a t  con- 

sumption of cyanide and c a u s t i c  was less with heated p res su re  

s t r i p p i n g  than with prolonged ambient p re s su re  s t r i p p i n g .  The 

s t r i p p i n g  s o l u t i o n  w a s  cooled t o  90° C and the  gold recovered by 

electrowinning. 

In  t h e  a l k a l i n e  a l coho l  s t r i p p i n g  method developed by Bureau 

r e sea rche r s  i n  1976, ambient p re s su re  w a s  used, bu t  t he  modified 

s t r i p p i n g  s o l u t i o n  contained 20% e thano l  i n  add i t ion  to  t h e  alka- 

l i n e  cyanide ( 5 ) .  A t  80' C, gold and s i l v e r  w e r e  desorbed i n  
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1086 EISELE, COLOMBO, AM) McCLELLAND 

6 h. A concur ren t  development was t h e  s e p a r a t i o n  of go ld  from 

s i l v e r  by p r e c i p i t a t i n g  s i l v e r  as a s u l f i d e  (6). The s e p a r a t i o n  

of s i l v e r  as a s u l f i d e  t a k e s  p l a c e  a f t e r  d e s o r p t i o n  from t h e  

carbon and r e s u l t s  i n  a more pure  go ld  b u l l i o n .  For pregnant  

s o l u t i o n s  con ta in ing  cons ide rab le  amounts of s i l v e r ,  t h e  p r e f e r -  

a b l e  sequence is t o  p r e c i p i t a t e  t h e  s i l v e r  be fo re  load ing  t h e  

carbon (7). A l a r g e  carbon i n v e n t o r y  is  avoided by main ta in ing  

c a p a c i t y  f o r  on ly  gold  adso rp t ion .  The A92S p r e c i p i t a t e  can  be 

smel ted  to  a s i l v e r  b u l l i o n .  The gold  i n  t h e  f i l t r a t e  from 

s i l v e r  p r e c i p i t a t i o n  is  adsorbed, desorbed, and electrowon. 

Both p r e s s u r e  s t r i p p i n g  and a l k a l i n e  a l c o h o l  s t r i p p i n g  a r e  

used by indus t ry .  The o r i g i n a l  ambient p r e s s u r e  s t r i p p i n g  i s  

a l s o  i n  use. The p re fe rence  of the m i l l  o p e r a t o r  is  t h e  d e t e r -  

mining f a c t o r  i n  choosing t h e  s t r i p p i n g  system. 

HEAP LEACHING 

I n  1969, Bureau r e s e a r c h e r s  proposed heap l each ing  as a low- 

c o s t  means f o r  r ecove r ing  gold  va lues  from disseminated  go ld  ores 

wi th  porous gangue, mine s t r i p p i n g  waste, and submarginal ores 

(8 ,9 ,10 ) .  Heap l each ing  w a s  f i r s t  used on oxide  copper ores and 

uranium o r e s  and had t h e  advantage of very  l o w  c a p i t a l  cost, l o w  

o p e r a t i n g  costs, and o p e r a t i o n a l  f l e x i b i l i t y  ( 1 1 ) .  I n  heap 

l each ing ,  t h e  crushed material i s  p i l e d  i n  heaps on impervious 

pads. A d i l u t e  a l k a l i n e  cyanide  s o l u t i o n  is d i s t r i b u t e d  on t o p  

of t h e  heap by a s p r i n k l i n g  system. The s o l u t i o n  p e r c o l a t e s  

through t h e  heap and d r a i n s  from t h e  impervious pad. The preg- 

nan t  go ld  s o l u t i o n s  from t h e  heaps c o n t a i n  t y p i c a l l y  1 t o  3 ppm 

Au. P r e c i p i t a t i o n  of metal  va lues  wi th  z i n c  may n o t  be t h e  m o s t  

e f f i c i e n t  recovery  method for many o p e r a t i o n s ,  whereas carbon 

a d s o r p t i o n  i s  very  e f f i c i e n t  f o r  t h e  recovery  of metals from 

d i l u t e  s o l u t i o n s .  The pregnant  s o l u t i o n  is  passed  through a 

series of columns c o n t a i n i n g  a c t i v a t e d  carbon, and t h e  gold  is 

adsorbed. The r e s u l t i n g  ba r ren  s o l u t i o n  is f o r t i f i e d  wi th  re- 
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GOLD AND SILVER FROM ORES 1087 

agen t s  and recycled to  the  heap. The leaching cont inues u n t i l  

t h e  gold e x t r a c t i o n  is completed. The gold-loaded carbon is  

s t r i p p e d  by one of t he  previously mentioned methods. Some preg- 

nan t  s o l u t i o n s  from s i l v e r  heap leaching contain enough s i l v e r ,  

t y p i c a l l y  10 t o  20 ppm Ag, so t h a t  z inc  p r e c i p i t a t i o n  is used t o  

recover the s i l v e r .  

For heap leaching t o  be f e a s i b l e ,  t he  o re  must be porous and 

permeable t o  t h e  leaching so lu t ion .  Since the o re  i s  not  f i n e l y  

ground, the cyanide ions  must d i f f u s e  through the  h o s t  rock t o  

d i s s o l v e  a gold p a r t i c l e .  The d i s so lved  gold must d i f f u s e  out- 

ward. This gives  leaching cyc le s  varying from weeks to months, 

and may r e s u l t  i n  dissolved gold cyanide complexes which are not  

completely washed from the  heap. Runoff from abandoned heaps is  

no t  discharged to  su r face  o r  groundwater sources u n t i l  t h e  e f f l u -  

e n t  from t h e  spen t  heap is  f r e e  of cyanide. 

Heap leaching has been an important f a c t o r  i n  precious 

metals recovery because it permits u t i l i z a t i o n  of l ean  o res  and 

wastes which a r e  n o t  economically processed by convent ional  

a g i t a t i o n  cyanidation. F i f t e e n  years  a f t e r  i t s  in t roduc t ion ,  

t h e r e  are between 50 and 100 commercial gold and s i l v e r  heap 

leaching operat ions,  which range i n  s i ze  from 10 tons a week t o  

10,000 tons a day. A flow diagram of a t y p i c a l  heap leaching 

ope ra t ion  is shown i n  f i g .  2. 

CARBON-IN-PULP 

Carbon-in-pulp techniques were proposed i n  the  e a r l y  1950's 

(3,121, and used by a few mills which burned the  screened carbon 

t o  recover gold,  u n t i l  the l o w  p r i c e  of gold and e s c a l a t i n g  c o s t s  

c u r t a i l e d  t h e i r  use (Ref. 1 ,  Vol 11, p. 95; 1 3 ) .  Bureau of Mines 

r e sea rche r s  and t h e  Homestake Mining Co. conducted p i l o t - s c a l e  

tests i n  1971 and published a d e s c r i p t i o n  of development and 

ope ra t ion  of a CIP p l a n t  i n  1974 (14,15,16) .  The impetus for 

implementing the process  was the  requirement by EPA environmental 
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FIGURE 2. Flow diagram of heap leaching .  

r e g u l a t i o n s  t o  d i s c o n t i n u e  amalgamation f o r  r ecove r ing  go ld  from 

t h e  f ine -g r ind ing  c i r c u i t  a t  the Homestake p l a n t  i n  South Dakota. 

The o r i q i n a l  p l a n t  was des igned  t o  g r i n d  t h e  o r e  t o  a nominal 200 

mesh. The ground o r e  w a s  s p l i t  i n t o  a sand and a slime f r a c t i o n  

which were leached s e p a r a t e l y  wi th  d i l u t e  cyanide  s o l u t i o n .  The 

go ld ,  which w a s  fo rmer ly  amalgamated du r ing  g r ind ing ,  w a s  t r e a t e d  

i n  t h e  s l i m e  p l a n t .  Because of t h e  s h o r t  l each ing  t i m e  (4-1/2 h )  

and the coarser s i z e  of t h e  go ld  p a r t i c l e s ,  d i s s o l u t i o n  w a s  n o t  

complete and gold  recovery  decreased .  A t echnique  was needed 

t h a t  would provide  a longer  c o n t a c t  t i m e  w i th  t h e  cyanide  s o l u -  

t i o n ,  and would n o t  r e q u i r e  an i n c r e a s e  i n  t h e  c a p a c i t y  of t h e  

very  expensive f i l t e r  p r e s s e s  used to separate t h e  pregnant  s o l u -  
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GOLD AND SILVER FROM ORES 1089 

t i o n s  from t h e  slime. Carbon-in-pulp so lved  t h i s  problem and has  

proven very  u s e f u l  i n  t r e a t i n g  ores which have a h igh  c l a y  con- 

t e n t ,  or gene ra t e  l a r g e  amounts of slimes dur ing  gr inding .  I n  

CIP p rocess ing  t h e  ore is  ground t o  less than  65 mesh and leached 

wi th  a l k a l i n e  cyanide  s o l u t i o n .  A coarse, ha rd  coconut s h e l l  

carbon,  20 mesh or l a r g e r ,  is  added t o  the s l u r r y  a f t e r  l each ing  

is completed,  and the s l u r r y  is agitated f o r  several hours.  The 

carbon i s  passed c o u n t e r c u r r e n t l y  through s e v e r a l  t anks  to  

ach ieve  gold  load ing  of s e v e r a l  hundred ounces per t o n  of carbon 

and i s  sepa ra t ed  from the s l u r r y  by sc reens .  The loaded carbon 

i s  washed to remove adhe r ing  s l u r r y  and is stripped by t h e  pre- 

v i o u s l y  desc r ibed  methods. With CIP no s o l i d - l i q u i d  s e p a r a t i o n  

i s  needed and t h e  ba r ren  s l u r r y  is d i sca rded  i n  the t a i l i n g  pond. 

A f t e r  s e t t l i n g ,  some of t h e  s o l u t i o n  from t h e  t a i l i n g  pond i s  

recovered  f o r  use  i n  the mill c i r c u i t .  A d i sadvan tage  of t h e  

sys tem is t h a t  some of t h e  cyanide  i n  s o l u t i o n  is n o t  recovered  

f o r  reuse .  With i n c r e a s i n g l y  s t r i n g e n t  d i scha rge  requi rements ,  

t h e  impoundment and c o n t r o l  of cyanide  i n  t h e  t a i l i n g s  may become 

a g r e a t e r  problem. With very  s l imy  ores, C I P  may always be t h e  

p r e f e r r e d  method of p rocess ing  because of t h e  h igh  cost and 

d i f f i c u l t y  of s e p a r a t i n g  slimes from s o l u t i o n .  C I P  has  a l so  been 

s u c c e s s f u l l y  used on s i l v e r  ores (17,181. 

Carbon-in-pulp, heap l each ing ,  and conven t iona l  counter -  

c u r r e n t  d e c a n t a t i o n  methods are t h e  major hydrometa l lu rg ica l  

p rocesses  f o r  t r e a t i n g  go ld  and s i l v e r  ores. Carbon-in-pulp 

p rocess ing  w a s  t h e  t o p i c  of a pane l  d i s c u s s i o n  a t  the 1981 annual  

AIME meeting, where advantages  and d i sadvan tages  of modern 

carbon-in-pulp p l a n t  p r a c t i c e  w e r e  d i scussed  (19 ) .  A f low d ia -  

gram f o r  typical CIP p rocess ing  i s  shown i n  f i g .  3. 

AGGLOMERATION-HEAP LEACHING 

Although t h e  a p p l i c a t i o n  of the heap l each ing  technique  t o  

g o l d  and s i l v e r  o r e s  pe rmi t t ed  many low-grade and/or small prop- 
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Thermal 
reactivation 
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F I G U R E  3.  Plow diagram f o r  carbon-in-pulp process ing .  

e r t ies ,  which would n o t  have been e x p l o i t a b l e ,  t o  be developed, 

some ores were u n t r e a t a b l e  by heap l each ing .  This  w a s  due t o  t w o  

c o n d i t i o n s :  ( 1 )  t h e  ore con ta ined  c l a y  which swel led  on c o n t a c t  

w i th  l each ing  s o l u t i o n ,  blocked t h e  voids  i n  the heap, and pre- 

vented s o l u t i o n  flow, and ( 2 )  t h e  ore a f t e r  c rush ing  t o  t h e  

l i b e r a t i o n  s i z e  f o r  go ld - s i lve r  e x t r a c t i o n  gene ra t ed  an unusua l ly  

l a r g e  amount of f i n e s  (minus 200 mesh) which were washed i n t o  t h e  

voids  by t h e  p e r c o l a t i n q  l each ing  s o l u t i o n  and caused channel ing  

and p a r t i a l  l each ing  of t h e  go ld  and s i l v e r  from t h e  heap mate- 
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GOLD AND SILVER FROM ORES 1091 

r i a l .  I n  1979, Bureau r e s e a r c h e r s  pub l i shed  a r e p o r t  d e s c r i b i n g  

an  agglomeration method t h a t  w a s  s u c c e s s f u l  i n  overcoming t h e s e  

problems (20 ,211 .  Agqlomeration as a p re t r ea tmen t  f o r  heap 

l each ing  c o n s i s t s  of mixing t h e  c rushed  ore wi th  p o r t l a n d  cement 

which acts as a b ind ing  agen t  and l i m e  to  provide  a l k a l i n i t y ,  

w e t t i n g  the mixture evenly  wi th  s o l u t i o n ,  which can c o n t a i n  cya- 

n i d e  t o  s t a r t  l each ing  be fo re  t h e  heap is  b u i l t ,  and mechanical 

tumbling of t h e  mixture so  t h a t  t h e  f i n e  p a r t i c l e s  adhere  t o  t h e  

l a r g e r  particles. S e v e r a l  hours of ag ing  a r e  needed f o r  t h e  

cement t o  bond t o  t h e  p a r t i c l e s .  When s t a b l e  bonds are formed, 

t h e  pellets are very  d u r a b l e  and r e s i s t a n t  t o  degrada t ion .  This  

s imple  p r e t r e a t m e n t  has i n c r e a s e d  the flow through columns of 

some ores as much as 6,000-fold and, i n  a c t u a l  heaps,  has  de- 

c reased  t h e  l each ing  c y c l e  to days i n s t e a d  of weeks. I t  is  

es t ima ted  t h a t  one o u t  of t w o  heap l each ing  o p e r a t i o n s  use  some 

t y p e  of agglomeration p re t r ea tmen t .  

CARBONACEOUS ORES 

A problem which plagued o p e r a t o r s  of some gold  cyanide  mills 

w a s  the occurrence  of ac t iva t ed - type  carbon i n  sed imentary  ores. 

Many carbonaceous o r e s  cannot  be t r e a t e d  by cyan ida t ion  because,  

even i f  t h e  gold  is d i s s o l v e d  by cyanide ,  t h e  carbonaceous com- 

ponent  acts as a c t i v a t e d  carbon and adsorbs  t h e  go ld  cyanide  

complex. I f  small  amounts of carbonaceous ore e n t e r  t h e  m i l l i n g  

c i rcu i t ,  a d s o r p t i o n  of t h e  d i s s o l v e d  gold  on t h e  carbon w i l l  

occu r  and the gold w i l l  be lost  i n  t h e  t a i l i n g s ,  

I n  1968, Bureau r e s e a r c h e r s  r epor t ed  on t h e  u s e  of o x i d i z i n g  

a g e n t s ,  such as h y p o c h l o r i t e  o r  c h l o r i n e ,  t o  o x i d i z e  t h e  carbo- 

naceous material b e f o r e  conven t iona l  cyan ida t ion  ( 2 2 ) .  A process  

which could  use  e i t h e r  chemical o x i d a t i o n  by t h e  a d d i t i o n  of 

N a O C l  or c h l o r i n e  gas ,  or electrical  o x i d a t i o n  by e l e c t r o l y s i s  of 

a NaCl  s o l u t i o n ,  w a s  developed. The carbonaceous component of 
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1092 EISELE, COLOMBO, AND McCLELLAND 

ores was rendered  i n a c t i v e  by ox ida t ion .  P i l o t  p l a n t  s t u d i e s  

w e r e  conducted a t  the C a r l i n  gold  mine, Nevada. The c h l o r i n e  

o x i d a t i o n  process f o r  carbonaceous ore has  been i n  use  s i n c e  t h e  

e a r l y  1970's (23,24,25,26). I n  t h e  p rocess ,  ore is  ground to  

l i b e r a t i o n  s i z e ,  which is between 65 and 200 mesh. For chemical 

o x i d a t i o n ,  l i m e  is  added t o  t h e  s l u r r y  t o  main ta in  a h igh  pH, and 

metered amounts of NaOCl s o l u t i o n  or C 1 2  gas are added t o  t h e  

s l u r r y .  S u f f i c i e n t  t i m e  is allowed f o r  t h e  hypoch lo r i t e  to  react 

because any r e s i d u a l  hypoch lo r i t e  is d e l e t e r i o u s  i n  t h e  cyanide  

c i r c u i t .  I f  e l e c t r o o x i d a t i o n  is used, t h e  ground ore is  s l u r r i e d  

i n  a 10%-NaC1 s o l u t i o n  and t h e  s l u r r y  i s  e l e c t r o l y z e d  wi th  a 

g r a p h i t e  electrode system. I n  e i t h e r  c a s e ,  t h e  ox id ized  s l u r r y  

i s  mixed wi th  s l u r r y  from oxide  o r e  and t r e a t e d  by conven t iona l  

cyan ida t ion  methods. Oxida t ion  p re t r ea tmen t  of carbonaceous ores 

inc reased  t h e  go ld  recovery  from about  30 to 90%. 

SUMMARY 

The Bureau of Mines c o n t r i b u t i o n  t o  gold and s i l v e r  hydro- 

meta l lurgy  du r ing  t h e  p a s t  30 y e a r s  h a s  been s i g n i f i c a n t .  There 

are very few l each ing  o p e r a t i o n s  which do n o t  u se  a t  least one of 

t h e  Bureau of Mines-developed techniques .  Of t h e  1 2  l a r g e  

o p e r a t i n g  gold mines l i s t e d  i n  a r e c e n t  r e p o r t ,  a l l  bu t  one use  

one o r  more of t h e  techniques  desc r ibed  i n  t h i s  paper  (27). 

The e x t e n s i v e  a p p l i c a t i o n  of cyanida t ion /carbon adso rp t ion  

p rocess  can be a t t r i b u t e d  to  t h e  Bureau of Mines r e s e a r c h  and 

development of processes f o r  deso rb ing  gold  and s i l v e r  from 

g r a n u l a r  a c t i v a t e d  carbon t h a t  pe rmi t t ed  r euse  of t h e  carbon. 

Heap l each ing  has  made p o s s i b l e  t h e  development of numerous gold  

and s i l v e r  p r o p e r t i e s ,  and agglomeration heap l each ing  has  added 

t o  t h a t  number. A t echnique  t o  d e s t r o y  t h e  carbonaceous c o n t e n t  

of o r e s  has r e s u l t e d  i n  t h e  commercial e x p l o i t a t i o n  of 

carbonaceous gold ores. The Bureau's r e s e a r c h  and improved 
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GOLD AND SILVER FROM ORES 1093 

economics have s i g n i f i c a n t l y  r e juvena ted  t h e  domestic go ld  and 

s i l v e r  mining indus t ry .  
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