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Cyanide Degradation and Detoxification in a Heap Leach 
Adrian Smith 

1 4 . 1  INTRODUCTION 

From t h e  t ime  t he  l a s t  r ecove rab le  go ld  i s  e x t r a c t e d  from o r e  on a heap 
leach,  t h e  o r e  - now spent o r e  - changes from be ing  t h e  resource, indeed t h e  
r a i s o n  d ' e t r e  o f  t he  opera to r ,  t o  a  p o t e n t i a l  l i a b i l i t y .  The spent o r e  
con ta i ns  process chemica ls  and c o n s t i t u e n t s  leached from t h e  o r e  bo th  i n  t h e  
i n t e r s t i t i a l  pore water  i n  t h e  heap and on t he  sur faces  o f  spent ore.  I f  these 
chemical spec ies were re l eased  t o  t h e  environment, i t  cou ld  have a p o t e n t i a l  
impact on t h e  q u a l i t y  o f  bo th  su r f ace  wate r  and groundwater resources. 

Accord ing ly ,  t h e  spent  o r e  must be l e f t  i n  a  c o n d i t i o n  where i t  does n o t  
p resen t  a  p o t e n t i a l  env i ronmenta l  1  i a b i l  i ty. Th i s  can be accornpl ished e i t h e r  
on a decommissioned pad o r ,  i f  t h e  heap l e a c h  i s  operated as a  load/un load 
scheme, i n  a  waste f a c i l i t y .  I n  genera l ,  t h e  r e s i d u a l  cyanide l e v e l  i n  t h e  
spent  o r e  i s  t h e  perce ived  c o n t r o l l i n g  f a c t o r  when de te rmin ing  whether t h e  
1  eached m a t e r i a l  i s  s u i t a b l e  f o r  abandonment. Regu la to ry  a u t h o r i t i e s  s e t  
p e r m i t  c o n d i t i o n s  f o r  heap l e a c h  abandonment i n  terms o f  r e s i d u a l  cyanide 
l e v e l s ,  f o r  example, Smi th  and St ruhsacker  (1987). 

Th is  chap te r  d iscusses cyan ide  degrada t ion  and methods f o r  d e t o x i f y i n g  a  
heap l each  i n  o rde r  t o  meet r e g u l a t o r y  l i m i t s / p e r m i t  c o n d i t i o n s  f o r  
abandonment. Cyanide degrada t ion  and d e t o x i f i c a t i o n  by " n a t u r a l "  processes a re  
descr ibed  i n i t i a l l y ,  based on t h e  chem is t r y  and geochemistry d iscussed i n  
Chapter 13. Th i s  leads  t o  a  r ev i ew  o f  chemical  t r ea tmen t  processes f o r  
d e t o x i f i c a t i o n  o f  spent ore.  The advantages and apparent  disadvantages a r e  
then  appra ised.  

1 4 . 2  NATURAL DEGRADATION AND DETOXIFICATION 

For t h e  purposes o f  d i scuss ion ,  " n a t u r a l "  d e t o x i f i c a t i o n  processes can 
be d i v i d e d  i n t o  two a l t e r n a t i v e s :  

Passiveabandonment ( t h e  so - ca l l ed  "do no th ing"  o p t i o n ) ;  and 
Water. 

I n  t he  f i r s t  a l t e r n a t i v e ,  t he  spent o r e  i s  mere ly  l e f t  on t h e  l each  pad t o  
age; t h e  second a l t e r n a t i v e  i n v o l v e s  t h e  f l u s h i n g  o f  t h e  spent  o r e  w i t h  water.  
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14.2.1 Pass ive Abandonment 

The d e g r a d a t i o n  o f  cyan ide,  a  t ime-dependent process, i s  w e l l  
e s t a b l i s h e d  and has been d e s c r i b e d  i n  Chapter 13. It i s  n o t  unreasonable,  
t h e r e f o r e ,  t o  l e a v e  t h e  spent  o r e  on t h e  pad exposed t o  t h e  f o r c e s  o f  n a t u r e  
so t h a t  n a t u r a l  d e g r a d a t i o n  can t a k e  p lace .  I n  areas o r  c l i m a t e s  where 
cyan ide  d e g r a d a t i o n  i s  enhanced, f o r  example h i g h  temperatures  and a1 t i  tudes 
as i n  Smi th  e t  a l .  (1985),  t h i s  c o u l d  be an a p p r o p r i a t e  s t r a t e g y .  

However, t h e  t i m e  dependency o f  t h e  process means t h a t  t h e  c o n t r o l  o f  
t h e  d e t o x i f i c a t i o n  i s  o u t  o f  t h e  o p e r a t o r ' s  hands. The o p e r a t o r  i s  f o r c e d  t o  
m o n i t o r  t h e  system and c o l l e c t  any r u n o f f  o r  seepage f rom t h e  spent  o r e  which 
f a i l s  t o  meet r e g u l a t o r y  d i s c h a r g e  c r i t e r i a ,  t hen  w a i t  u n t i l  t h e  heap l e a c h  
can be decommissioned. Bo th  t h e  t ime/moni t o r i n g  requ i rement  and t h e  
p o s s i b i l i t y  o f  h a n d l i n g / t r e a t i n g  l a r g e  volumes o f  non-d ischargeable  r u n o f f  can 
be f i n a n c i a l  and p r a c t i c a l  d i s i n c e n t i v e s  t o  n a t u r a l  degrada t ion .  

The e f f e c t i v e n e s s  o f  n a t u r a l  d e g r a d a t i o n  o f  cyan ide  has been e v a l u a t e d  
and documented by Engel h a r d t  (1985).  Whi l  e  t h e  method o f  cyan ide  d e g r a d a t i o n  
was n o t  determined, t h i s  s t u d y  bears more d e t a i l e d  d e s c r i p t i o n  due t o  t h e  
c a r e f u l  q u a n t i f i c a t i o n  and m o n i t o r i n g  made o f  t h e  heap system d u r i n g  t h e  
e v a l u a t i o n .  A p r e c i s  o f  E n g e l h a r d t ' s  work i s  g i v e n  below; f u r t h e r  d e t a i l s  can 
be sought  i n  t h e  o r i g i n a l  t e x t .  

The heap was c o n s t r u c t e d  i n  c e l l s  150 x  125 f t  (46  x  38 mete rs ) .  The o r e  
was s tacked  t o  15 f t  (4.5 m) i n  h e i g h t .  D u r i n g  t h e  s i x  months o f  o p e r a t i o n ,  11 
c e l l s  were c o n s t r u c t e d  c o n t a i n i n g  a  t o t a l  o f  84,000 t o n s  o f  o re .  

Sampl ing began t h r e e  months a f t e r  l e a c h i n g  stopped. The 11 s e c t i o n s  o f  
t h e  heap area were sampled s e p a r a t e l y  u s i n g  1.5 i n c h  ( 3 7  mm) d iamete r  p i p e  
d r i v e n  v e r t i c a l l y  th rough  t h e  heap t o  t h e  pad. The specimens o b t a i n e d  by  t h i s  
method were then s p l i t  i n t o  t w o - f t  (0.6 m) dep th  i n t e r v a l s  and sh ipped f o r  
a n a l y s i s .  

\ d a t e r - s o l u b l e  cyan ide  was recovered f rom t h e  c o r e  samples u s i n g  
l a b o r a t o r y - a g i  t a t e d  l e a c h i n g  w i t h  d i s t i l  l e d  water .  T h i s  s o l u t i o n  was ana lyzed 
f o r  b o t h  f r e e  cyan ide  and t o t a l  cyan ide  t o  de te rm ine  t h e  d e g r a d a t i o n  r a t e  i n  
t h e  i n a c t i v e  heap. A  t o t a l  o f  f i v e  s e t s  o f  samples c o n t a i n i n g  356 i n d i v i d u a l  
samples were analyzed. 

The i n i t i a l  samples i n d i c a t e d  t h a t  11.5 p e r c e n t  o f  t h e  cyan ide  which had 
been a p p l i e d  t o  t h e  heaps s t i l l  remained. T h i s  cyan ide,  a p p r o x i m a t e l y  12,000 
l b  (5,450 kg) ,  was p resen t  i n  t h e  e n t r a i n e d  s o l u t i o n .  The f i n a l  samples, taken  
a f t e r  18 months, i n d i c a t e d  t h a t  85 p e r c e n t  o f  t h e  cyan ide  p r e s e n t  a t  t h e  end 
o f  1  each i  ng had been n a t u r a l  1  y degraded. T h i s  r e s i d u a l  cyan ide  rep resen ted  
o v e r  two p e r c e n t  o f  t h e  t o t a l  cyan ide  i n i t i a l l y  a p p l i e d .  A l though  none o f  t h e  
samples t e s t e d  was below one mg per  k i l og ram,  n a t u r a l  d e g r a d a t i o n  o f  t h e  
cyan ide  i s  documented i n  t h i s  i n a c t i v e  heap. The d a t a  i n d i c a t e  d e s t r u c t i o n  o f  
cyan ide  approx imates a  f i r s t  o r d e r  chemical  r e a c t i o n ,  p r o p o r t i o n a l  t o  t h e  
c o n c e n t r a t i o n  o f  t h e  cyan ide  as i l l u s t r a t e d  on F i g u r e  14.1. A t  t h e  observed 
r a t e  o f  degrada t ion ,  i t  would t a k e  a p p r o x i m a t e l y  f o u r  years  t o  a t t a i n  one mg 
o f  c y a n i d e  pe r  k i l o g r a m  o f  l eacha te .  
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Time (months) 

FIGURE 14.1 

Concantrrtlon of  Cyrnlda In mol8tura In  Abrndonad Harp. 
(from Englehardt, 1985) 
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Th i s  degrada t ion  and i t s  nature,  as descr ibed  by Engelhardt ,  i s  
e s s e n t i a l l y  c o n s i s t e n t  w i t h  data developed w i t h  o t h e r  works; f o r  example, da ta  
by Hendr ix  (1985) on cyanide decay i n  v a t  leached t a i l i n g s ,  and degrada t ion  i n  
e f f l u e n t s  by Schmidt e t  a1 . (1981). 

Water Leaching 

The n a t u r a l  d e t o x i f i c a t i o n  process i s  compara t i ve ly  slow, b u t  can be 
enhanced by "speeding up" t h e  forces o f  na tu re .  The most exped ien t  method o f  
ach iev i ng  such a c c e l e r a t i o n ,  w i t h o u t  r e s o r t i n g  t o  chemical t reatment ,  i s  
c y c l i n g  r a i n w a t e r  o r  s i m i l a r  water  th rough  t h e  spent  o re .  

Rainwater no rma l l y  has a  pH va lue  l e s s  than seven, meaning i t  i s  n e u t r a l  
t o  a c i d i c ,  a l though  t h e  pH va lue  i s  r e g i o n a l l y  v a r i a b l e .  For example, a  
r a i n f a l l  pH o f  4  t o  4.5 i s  n o t  uncommon on t he  eas t  coas t  o f  t he  Un i ted  S ta tes  
w h i l e  va lues approaching pH o f  5  t o  5.5 a re  more t y p i c a l  i n  t h e  a r i d ,  
southwestern s t a t e s  o f  Ar izona and New Mexico. A l though ra i nwa te r  has a  low 
n e u t r a l i z a t i o n  capac i t y ,  when compared w i t h  t h e  b u f f e r i n g  c a p a c i t y  o f  t h e  pore 
water i n  t y p i c a l  spent o r e  (pH + 10.5), c i r c u l a t i o n  o f  r a i nwa te r  through t h e  
spen t  o r e  can depress t h e  pH enough t o  conve r t  f ree cyanide t o  hydrogen 
cyanide, which i s  then l o s t  t o  t h e  atmosphere by v o l a t i l i z a t i o n  ( H u i a t t ,  e t  
a l . ,  1982). 

Data on cyanide degradat ion by water  l e a c h i n g  have been developed by 
Wharf Resources, Lead, South Dakota. T h e i r  da ta  were repo r t ed  by Smith and 
Brown (1986), and serve as an i l l u s t r a t i o n  o f  t he  process as d iscussed below. 

Wharf degrada t ion  t e s t i n g  r e s u l t e d  i n  da ta  on bo th  t o t a l  and weak a c i d  
d i s s o c i a b l e  cyanide (Method "C" ,  ASTM) w i t h  r espec t  t o  pore volumes o f  
d ischarged e f f l u e n t .  From an i n i t i a l  t o t a l  cyan ide  va lue  o f  133 ppm CN i n  t h e  
spent o re  pore f l u i d ,  t h e  t o t a l  cyanide l e v e l s  were reduced t o  below one ppm 
be fo re  t h r e e  pore volumes o f  water had passed through t h e  m a t e r i a l .  As shown 
on F igu re  14.2, t he  v e r t i c a l  s ca le  f o r  cyanide concen t ra t i on  i s  l o g a r i t h m i c .  

It i s  wo r t h  n o t i n g  t h e  apparent  "sp ike"  i n  t o t a l  cyanide l e v e l  a t  about 
5.5 pore volumes. Th is  may be due t o  d i f f u s i o n  back i n t o  t h e  l each  water o f  
cyanide h e l d  i n  t h e  m a t r i x  o f  t h e  o re .  Th i s  delayed response cou ld  leng then  
t he  t ime  taken t o  reach t h e  accep tab le  r e g u l a t o r y  l e v e l  f o r  d e t o x i f i c a t i o n .  
The delayed response phenomenon i s  n o t  an i s sue  con f i ned  o n l y  t o  n a t u r a l  spent  
o r e  l e a c h i n g  and can occur  i n  chem ica l l y  t r e a t e d  spent ore.  Th is  i s  because 
d i f f u s i o n  i s  a  physico-chemical  e f f e c t  r e l a t e d  t o  t h e  p r o p e r t i e s  o f  t h e  spent 
o r e  independent o f  t he  d e t o x i f i c a t i o n  method. 

Perhaps t h e  ma jo r  p o t e n t i a l  concern w i t h  water l each ing  f o r  spent  o r e  
d e t o x i f i c a t i o n  i s  the  p o s s i b i l i t y  o f  genera t ing  l a r g e  volumes o f  p a r t i a l l y  
contaminated wash so l  u t i o n s .  These s o l u t i o n s  may be unacceptable f o r  d ischarge 
t o  t h e  environment and/or unamenable t o  f u r t h e r  t rea tment .  Should t h i s  be t h e  
case, chemical  t r ea tmen t  f o r  d e t o x i f i c a t i o n  becomes more a t t r a c t i v e .  
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0-0- TOTAL CYANIDE 

+ o f  pore volumes 

NOTE: 

All weak acid dissociable levels measured are  below 0 .1  ppm CN. 

FIGURE 14.2 

SEMI-LOGARITHMIC PLOT OF CYANIDE CONCENTRATION 
VS 

NUMBER OF PORE VOLUMES FOR WATER LEACHING 
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14.3 CHEMICAL TREATHENT 

The o b j e c t i v e s  o f  chemical  d e t o x i f i c a t i o n  o f  cyan ide i n  spent o r e  a r e  t o  
ach ieve l o w  l e v e l s  o f  r e s i d u a l  cyan ides i n  t h e  e f f l u e n t s  f rom t h e  heap l e a c h  
and t o  s a t i s f y  t h e  f o l l o w i n g  o p e r a t i o n a l  c o n s i d e r a t i o n s :  

Dest roy  cyan ide r a p i d l y ;  
M in im ize  e f f l  uen t  volumes; 
Generate no metas tab le  cyan ide  compounds o r  d e r i v a t i v e s ;  and 
L i m i t  b u i l d u p  o f  adverse process chemica ls  o r  t h e i r  
d e g r a d a t i o n / r e a c t i o n  p roduc ts  i n  t h e  e f f l u e n t .  

The p o t e n t i a l  f o r  t h e  v a r i o u s  chemical d e t o x i f i c a t i o n  processes t o  
ach ieve  these  o b j e c t i v e s  i s  d iscussed i n  S e c t i o n  14.4, a f t e r  each o f  t h e  
p r i n c i  pa1 processes c u r r e n t l y  i n  case o r  under c o n s i d e r a t i o n  has been 
descr ibed.  Based on a  r e v i e w  by S c o t t  (1985),  t h e  f o l l o w i n g  chemical  t r e a t m e n t  
methods a r e  a v a i l a b l e :  

A1 k a l  i n e  c h l o r i n a t i o n ;  
S u l f u r  d i o x i d e  - a i r  o x i d a t i o n ;  
Hydrogen perox ide  o x i d a t i o n  ; 
B i o l o g i c a l  processes; 
A c i d i f i c a t i o n ;  and 
I r o n  s u l f i d e  process. 

V a r i a n t s  o f  these and o t h e r  processes a r e  desc r ibed  i n  H u i a t t  e t  a l .  (1982).  
The f i r s t  t h r e e  processes a r e  t h e  most w i d e l y  used i n  i n d u s t r y  and w i l l  be 
d iscussed i n d i v i d u a l l y .  

A1 k a l  i n e  C h l o r i n a t i o n  

Cyanide can be o x i d i z e d  by t h e  use o f  c h l o r i n e  o r  hypoc lo ra te ,  g e n e r a l l y  
under a1 k a l  i n e  c o n d i t i o n s .  The r e a c t i o n s  o f  cyan ide  and cyan ide-bear ing  
components w i t h  c h l o r i n e  gas a r e  desc r ibed  by I n g l e s  and S c o t t  (1981). I n  
summary, t h e  p r i n c i p a l  r e a c t i o n s  a r e :  

NaCN + C12 = C N C l  + NaCl ( independent o f  pH) ( 1  

C N C l  + 2NaOH = NaClVO + NaCl + Hz0 (pH dependent) ( 2 )  

The p r o d u c t  o f  t h e  second r e a c t i o n ,  which i s  most r a p i d  between pH 10 
and 11, i s  cyanate,  which w i l l  r e a c t  s l o w l y  by a  two-stage process w i t h  
c h l o r i n e  t o  form sodiuni b i ca rbona te ,  sodium c h l o r i d e  and n i t r o g e n  (White,  
1972). 

I f  h y p o c h l o r i t e  i s  used i n s t e a d  o f  c h l o r i n e  gas, t h e  r e a c t i o n s  would be 
m o d i f i e d  t o :  

(sodium h y p o c h l o r i t e )  NaCN + NaOCl + Hz0 = CNCl + 2NaOH ( 3  
o r  

( c a l c i u m  h y p o c h l o r i t e )  2CN + Ca(OC1)2 + Hz0 = 2CNC1 + c ~ ( O H ) ~  ( 4 )  

An example o f  t h e  a1 k a l  i n e  c h l o r i n a t i o n  approach t o  cyan ide d e s t r u c t i o n  
a t  t h e  S t i b n i t e  Proper ty ,  Idaho i s  desc r ibed  by S t o t t s  (1985).  
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The mine o p e r a t i n g  pe rm i t  r e q u i r e s  t h a t  t h e  f r e e  cyanide remain ing i n  t h e  
processed o r e  must be reduced t o  an env i r onmen ta l l y  safe l e v e l  o f  a  0.2 mg/l 
p r i o r  t o  d i sposa l .  Cyanide d e s t r u c t i o n  i s  accomplished i n  t h e  10-day c y c l e  
f o l l o w i n g  l each ing ,  i .e. ,  two days f o r  d r a i n i n g ,  s i x  days f o r  a l k a l i n e  
c h l o r i n a t i o n  t rea tment ,  and two days f o r  f i n a l  d r a i n i n g .  

For c o s t  sav ing,  a1 k a l  i n e  c a l c i u m / c h l o r i n e  hypoch lo r i  t e  i s  prepared a t  
t h e  s i t e .  C h l o r i n e  i s  consumed a t  a  r a t e  o f  4,000 l b s  (1,800 kg) per day. 
Lime i s  added a t  t h e  r a t e  o f  8,000 l b s  (3,600 kg) per  day. The r e s u l t i n g  
s o l u t i o n  has a  c h l o r i n e  concen t ra t i on  o f  approx imate ly  1,000 ppm f r e e  
c h l o r i n e .  

The s o l u t i o n  i s  sprayed on t h e  heaps, about 30,000 tons  per  heap, us i ng  
t h e  same s p r i n k l e r  system used i n  t h e  l e a c h i n g  c y c l e .  A f t e r  t h e  s o l u t i o n  
pe rco la tes  through t h e  heap, i t  i s  c o l l e c t e d  i n  t h e  c h l o r i n e  pond where i t  i s  
r ecyc l ed  th rough  t h e  n e u t r a l i z a t i o n  system. 

14.3.2 S u l f u r  D i o x i d e - A i r  Ox ida t i on  

Sul phur d i o x i d e - a i  r o x i d a t i o n  i s  a  r e l a t i v e l y  new process patented by 
t h e  I n t e r n a t i o n a l  N i cke l  Company. It i s  commonly known as t h e  INCO process f o r  
cyan ide  d e s t r u c t i o n .  The cyanide i s  o x i d i z e d  under h i gh  pH c o n d i t i o n s  a t  
ambient temperature w i t h  a  combinat ion o f  su lphur  d i o x i d e  and a i r .  Lime i s  
added t o  s t a b i l i z e  t h e  system pH, i n  t h e  presence o f  copper, which a c t s  as a  
c a t a l y s t .  The process i s  descr ibed  i n  d e t a i l  by  Devuyst e t  a l .  (1985). 

The process i s  s a i d  t o  o x i d i z e  cyanide and meta l  cyanide complexes and 
w i l l  r e a c t  w i t h  i r on - cyan ide  complexes, which a re  n o t  amenable t o  t rea tment  by 
a1 k a l i n e  c h l o r i n a t i o n .  Residual  t o t a l  cyanide l e v e l s  i n  t h e  range o f  0.05 mg/l 
t o  1 mg/l have been ob ta i ned  us i ng  t h e  process and, due t o  s o l u b i l i t y  c o n t r o l s  
and t h e  h i g h  pH range o f  9-10 a t  which t h e  process operates,  most r e s i d u a l  
meta l  l e v e l s  ( i n c l u d i n g  i r o n )  w i l l  be low. 

It i s  c la imed t h a t  t h e  INCO process can be more e f f i c i e n t ,  l e s s  reagent  
i n t e n s i v e ,  and more economical than  t h e  a1 k a l  i n e  c h l o r i n a t i o n  process w i t h  
c e r t a i n  s p e c i f i c  g o l d  mine e f f l u e n t s .  Th is  may be t r u e ,  i n  c e r t a i n  cases, w i t h  
d e t o x i f y i n g  e f f l u e n t s  and pore water  from spent  o r e  a f t e r  heap leach ing .  

14.3.3 Hydrogen Perox ide Ox ida t i on  

There a r e  a  number o f  v a r i a n t s  on t h e  use o f  t h e  hydrogen perox ide  
o x i d a t i o n ;  d e t a i l s  a r e  g i ven  i n  G r i f f i t h s  (1988) and H u i a t t ,  e t  a l .  (1982). 
The bas i c  o x i d a t i o n  chem is t r y  i s :  

CN' + Hz02 = CNO' + Hz0 ( 5 )  

where cyanate i s  t h e  p r i n c i p a l  p roduc t .  Th i s  process i s  c a r r i e d  o u t  i n  
a1 k a l i n e  s o l u t i o n ,  i n  t h e  presence o f  a  copper c a t a l y s t .  Metals,  such as 
copper, w i l l  be p r e c i p i t a t e d  d u r i n g  t h e  process, f o r  example, G r i f f i t h s  (1988) 
c i t e s  : 
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where copper hydrox ide i s  e s s e n t i a l l y  i n s o l u b l e  a t  h i gh  pH c o n d i t i o n s .  As 
noted i n  Chapter 13, cyanate generated i n  equa t ion  ( 5 )  w i l l  be h y d r o l i z e d  t o  
ammonia and carbonate,  t h e  former e v e n t u a l l y  o x i d i z i n g  t o  n i t r a t e .  

G r i f f i t h s  (1988) notes a l s o  t h a t  i r on - cyan ide  complexes can be removed 
from t h e  system by t h e  a d d i t i o n  o f  copper, i n  t h e  form o f  d i v a l e n t  copper 
ions ,  as copper fe r rocyan ide :  

However, t h i s  can o n l y  be done as a  second s t e p  t o  t h e  hydrogen perox ide  
o x i d a t i o n  process. Th i s  process has been developed e x t e n s i v e l y  by Degussa 
Corporat ion,  and i s  sometimes known as t h e  Degussa Hydrogen Peroxide process. 
Degussa has r e f i n e d  t h e  process t o  a l l o w  f o r  t h e  removal o f  meta ls  i n  s o l u t i o n  
as o t h e r  complex, o rgan i c  forms u s i n g  a p r o p r i e t a r y  reagen t  TMT 15 (a  sodium 
t r i m e r c a p t o t r i a z i n e ) .  Th i s  enhances t h e  e f f i c i e n c y  o f  t h e  t rea tment  process. 

An a l t e r n a t i v e  t o  t h e  Degussa process i s  t h e  "Kastone" process. Th i s  
process conver ts  hydrogen cyanide, v i a  a  two-stage r e a c t i o n  a t  an e l eva ted  
temperature,  t o  a  g l y c o l i c  and amide, cyanate and ammonia. A p r o p r i e t a r y  
s o l u t i o n  c o n t a i n i n g  + 40 percent  hydrogen perox ide,  c a t a l y s t  and s t a b i  1  i z e r s ,  
i s  used i n  con junctTon w i t h  formaldehyde. The s o l u t i o n  i s  manufactured by 
DuPont . 

The Degussa process has been used a t  t h e  OK Tedi  Mine, i n  Papua-New 
Guinea, t o  t r e a t  cyan ide-bear ing  e f f l u e n t s .  Knorre  and G r i  f f i  t h s  (1985) n o t e  
removal o f  cyanide, z i n c  and copper i ons  by t h e  process as f o l l o w s :  

Free cyanide:  i n i t i a l  : 50-100 mg/l f i n a l  : < 0.02 mg/l 
To ta l  cyanide:  i n i t i a l :  110-300 mg/l f i n a l :  1-10 mg/l 
Copper: i n i t i a l :  50-100mg/ l  f i n a l :  < 0 . 5 m g / l  
Z inc :  i n i t i a l :  10-30 mg/l f i n a l :  < O . l m g / l  

Percentage removal v a r i e s  from 91 percen t  t o  over  99 percen t  f o r  t o t a l  and 
f r e e  cyanide. I r o n ,  Fe and/or Fe-CN, however, were n o t  removed i n  t h e  process. 

Consumption o f  hydrogen perox ide  i n  t h e  d e t o x i f i c a t i o n  process v a r i e s  
depending on spent o r e  composi t ion and t h e  composi t ion o f  t h e  rema in ing  
i n t e r s t i t i a l  pore water.  A t y p i c a l  range f o r  consumption m i g h t  be 0.4 t o  1 
l i t r e  o f  70 percen t  hydrogen perox ide  per  cub i c  metre  o f  waste (Knorre  & 
G r i f f i t h s ,  1985). 

14.4 DETOXIFICATION PROCESSES: ADVANTAGES AND DISADVANTAGES 

Th i s  s e c t i o n  w i l l  a t tempt  t o  g i v e  some pe rspec t i ve  on t h e  apparent 
advantages o f  t h e  va r i ous  d e t o x i f i c a t i o n  processes, p a r t i c u l a r l y  t h e  chemical 
t rea tment  methods. Advocates o f  a  p a r t i c u l a r  process cou ld  c l a i m  t h a t  such a 
d i scuss ion  i s  a r b i t r a r y ,  as i t  may n o t  comp le te ly  desc r i be  a l l  apparent  
b e n e f i t s  o r  f l aws  o f  any one process. However, t h e  au thor  be l ieves ,  i n  t h i s  
case, t h a t  such a r i s k  i s  warranted i n  o rde r  t o  p rov i de  t h e  reader  w i t h  a t  
l e a s t  t h e  bas i s  f o r  a  comparison amoog t h e  va r i ous  processes. 
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The 
ment ioned 
l e a c h i n g  
14.1. 

b e n e f i t s  o r  o the rw i se  o f  t h e  n a t u r a l  processes have a l r eady  been 
i n  Sec t i on  14.2. I n  summary, t h e  pass ive abandonment and r a i n w a t e r  

approach have t h e  advantages and disadvantages o u t l i n e d  'in Table 

TABLE 14.1 

ADVANTAGES AND DISADVANTAGES OF PASSIVE ABANDONMENT AND WATER 
LEACHING APPROACHES TO CYANIDE DETOXIFICATION 

ADVANTAGES DISADVANTAGES 

a )  Passive abandonment - no c o s t  i n  process - l a c k  o f  c o n t r o l  o f  
reagents  o r  o p e r a t i n g  t h e  process and hence 
cos t s  u n p r e d i c t a b i l i t y  o f  

o p e r a t i o n  

- no chemical a d d i t i o n  - format ion o f  l a r g e  
volumes o f  
contaminated 
s o l u t i o n  d u r i n g  major  
p r e c i p i t a t i o n  events  

- no induced chemical - non-dischargeable 
r e a c t i o n s  t o  form contaminated s o l u t i o n s  
r e a c t i o n  p roduc ts  (sma l l  v o l  umes) 
which cou ld  be t o x i c  

- excess ive  t ime  
dependency 

- no c e r t a i n t y  o f  
meet ing r e g u l a t o r y  
compl iance 

b )  Water l e a c h i n g  - as f o r  a ) ,  except - as f o r  a ) ,  except  
t h e r e  a r e  some t h e r e  i s  some c o n t r o l  
o p e r a t i n g  cos t s  f o r  o f  t h e  r a t e  o f  
pumping d e t o x i f i c a t i o n  
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For chemica l  t r e a t m e n t  o p t i o n s ,  R i t c e y  and McNamara (1978),  m o d i f i e d  by  I n g l e s  
and S c o t t  (1981), l i s t e d  t h e  advantages and d isadvantages o f  t h e  use o f  
a l k a l i n e  c h l o r i n a t i o n  t o  d e t o x i f y  cyan ide.  I n  summary, t h e y  n o t e  t h e  f o l l o w i n g  
p r i n c i p a l  b e n e f i t s  and d isadvantages shown i n  Tab le  14.2. 

TABLE 14.2 

ADVANTAGES AND DISADVANTAGES OF CHEMICAL TREATMENT 
OPTIONS FOR CYANIDE DESTRUCTION 

a )  Advantages: 

b )  Disadvantages : 

React ions comple te  and r a p i d ;  
T o x i c  m e t a l s  u s u a l l y  removed; 
C h l o r i n e  a v a i l a b l e  i n  d i f f e r e n t  forms; 
Nomina l l y  good, safe c o n t r o l ;  and 
S o l u t i o n  a l r e a d y  a1 k a l  i n e  p r i o r  t o  t rea tmen t .  

Reagent c o s t s  h igh,  p a r t i c u l a r l y  i f  complete 
cyanate  o x i d a t i o n  i s  a l s o  r e q u i r e d ;  
C a r e f u l  pH c o n t r o l  needed t o  p reven t  f o r m a t i o n  o f  
t o x i c  cyanogen c h l o r i d e ;  
I r o n  cyan ides  n o t  u s u a l l y  decomposed; 
P o t e n t i a l  f o r  r e s i d u a l  c h l o r i n e  i n  e f f l u e n t ;  and 
P o t e n t i a l  f o r  f o r m a t i o n  o f  t o x i c  c h l o r i n a t e d  
o r g a n i c  components. 

M h i l e  t h e  process o f  a l k a l i n e  c h l o r i n a t i o n  has some obv ious  advantages, 
t h e  d isadvantages a r e  s i g n i f i c a n t ,  p a r t i c u l a r l y  i n  t h e  c u r r e n t  r e g u l a t o r y  
env i ronment .  Bo th  t h e  p o t e n t i a l  f o r  cyanogen c h l o r i d e  f o r m a t i o n  and r e s i d u a l  
c h l o r i d e  l e v e l s  a r e  ma jo r  h e a l t h  i s s u e s  i n  themselves.  I n  t h e  l o n g e r  term, t h e  
p o t e n t i a l  t o  fo rm p e r s i s t e n t ,  h i g h l y  t o x i c  c h l o r o - o r g a n i c  compounds - 
c u r r e n t l y  an anathema t o  r e g u l a t o r y  a u t h o r i t i e s  - may p r e s e n t  such an unknown 
l i a b i l i t y  t h a t  o p e r a t o r s  may n o t  w ish  t o  r i s k  b e i n g  l e f t  w i t h  a  f u t u r e ,  non- 
q u a n t i f i a b l e  problem. 

The I N C O  s u l f u r  d i o x i d e - a i r  p rocess would appear t o  have advantages o v e r  
t h e  a l k a l i n e  c h l o r i n a t i o n  process i n  terms o f  r e a g e n t  requ i rements ,  
e f f i c i e n c y ,  e f f e c t i v e n e s s ,  and o v e r a l l  c o s t s  (DeVuyst e t  a1 ., 1985). 
T r a n s p o r t a t i o n ,  h a n d l i n g ,  and s t o r a g e  o f  l i q u i d  s u l f u r  d i o x i d e  may p r e s e n t  an 
i s s u e  i n  terms o f  p e r m i t t i n g ,  b u t  t h i s  shou ld  be no worse than  s i m i l a r  i s s u e s  
w i t h  l i q u i d  c h l o r i n e .  There w i l l  be p o t e n t i a l  t o  fo rm s u l f i d e s ,  wh ich c o u l d  be 
l e f t  t o  r e a c t  w i t h  a c i d i c  m a t e r i a l s  i n  f u t u r e  t o  form hydrogen s u l f i d e s ,  b u t  
t h i s  p o s s i b i l i t y  may be somewhat remote. An accumu la t ion  o f  s u l f a t e s  w i t h i n  
any r e - c i r c u l a t e d  d e t o x i f y i n g  s o l u t i o n  c o u l d  l e a d  t o  b o t h  d i s c h a r g e  
c o n s t r a i n t s  and p r e c i p i t a t i o n  o f  c a l c i u m  s u l f a t e  i n  t h e  s o l u t i o n  d i s t r i b u t i o n  
system o v e r  t ime ,  t h e  l a t t e r  c a u s i n g  b lockage o f  t h e  system. 

As w i t h  a l k a l i n e  c h l o r i n a t i o n ,  t h e r e  may be r e a c t i o n s  w i t h  o r g a n i c  
m a t e r i a l s  i n  t h e  spent  o r e  r e s u l t i n g  i n  s u l f o - o r g a n i c  compounds, wh ich may be 
p e r s i s t e n t  and t o x i c .  From a  fundamental l e v e l ,  i t  appears t h a t  such an i s s u e  
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should  be no worse and, i f  any th ing ,  s i g n i f i c a n t l y  b e t t e r  than  w i t h  t h e  
ch lo ro -o rgan i c  compounds p o t e n t i a l l y  produced by a1 k a l  i n e  c h l o r i n a t i o n .  

One p o t e n t i a l l y  nega t i ve  aspect o f  t h e  s u l f u r  d i o x i d e - a i r  process i s  t h e  
a d d i t i o n  o f  copper as a c a t a l y s t  t o  t h e  process. Regu la to ry  l e v e l s  f o r  copper 
d ischarge  t o  t h e  environment, p a r t i c u l a r l y  aqua t i c  c r i t e r i a  and standards,  a r e  
n o r m a l l y  v e r y  l ow  and a d d i t i o n  o f  copper t o  t h e  cyan ide  d e t o x i f i c a t i o n  process 
c o u l d  r e s u l t  i n  enhanced copper l e v e l s  i n  t h e  r e s i d u a l  e f f l u e n t .  

A t  1 e a s t  s u p e r f i c i a l  l y ,  t h e  hydrogen perox ide  o x i d a t i o n  process appears 
t o  have a number o f  env i ronmenta l  and p r a c t i c a l  advantages over  t h e  o t h e r  two 
processes. These are:  

- Nominal ly,  t h e r e  a re  no t o x i c  r e a c t i o n  o r  t r ans fo rma t i on  products  
formed i n  t h e  r e a c t i o n ;  
There i s  no p o t e n t i a l  f o r  b u i l d  up o f  d i s s o l v e d  spec ies i n  a 
c i r c u l a t e d  d e t o x i f y i n g  s o l u t i o n ;  and 
Excess hydrogen perox ide  r e a d i l y  degrades i n  ambient c o n d i t i o n s  t o  
water  and oxygen, hence i t  w i l l  have no m a t e r i a l  aqua t i c  
env i ronmenta l  impacts. 

However, should  d ischarge  o f  copper i n  t h e  d e t o x i f i e d  e f f l u e n t  o r  r u n o f f  be an 
issue,  t h e  a d d i t i o n  o f  copper i n  t h e  process (equa t i on  7 )  desc r ibed  by 
G r i f f i t h s  (1988) may p resen t  a problem. 

I n  summary, advantages and disadvantages va ry  w i t h  each process. A l l  
processes a r e  vu l ne rab le  t o  t h e  presence o f  m a t e r i a l  i n  t h e  spent o r e  which 
can r e a c t  w i t h  t h e  o x i d i z i n g  agent used t o  d e t o x i f y  t h e  cyanide, caus ing 
inc reased  reagent  assumption and cos t .  The a l k a l i n e  c h l o r i n a t i o n  appears t o  
p resen t  g rea t  p o t e n t i a l  env i ronmenta l  problems, a l though  i t s  s i m p l i c i t y  makes 
t h e  process a t t r a c t i v e .  It w i l l  be expensive t o  opera te  i n  terms o f  reagents .  

The I N C O  su l  f u r  d i o x i d e - a i  r and t h e  Degussa hydrogen perox ide  processes 
may be more t e c h n i c a l l y  e f f i c i e n t ,  though adm i t t ed l y ,  d e s c r i p t i o n s  o f  each 
e f f l ~ ~ e n t  a re  by advocates o f  each system. Even a l l o w i n g  f o r  n a t u r a l  
enthusiasm, t h e  data presented g e n e r a l l y  appear t o  suppor t  t h e i r  f i n d i n g s .  
However, a r ecen t  s t udy  o f  t h e  comparat ive e f f e c t i v e n e s s  o f  t h e  t h r e e  
processes on a carbonaceous go ld-cyanide m i l l  t a i l i n g s  showed t h a t  t h e  
hydrogen perox ide  process was t h e  1 eas t  a t t r a c t i v e ,  due t o  excess ive reagent  
consumption. 

Perhaps t he  f i n a l  conc lus i on  should  be t h a t  t h e r e  i s  no t  n e c e s s a r i l y  a 
u n i v e r s a l l y  s u p e r i o r  d e t o x i f i c a t i o n  process f o r  cyanide-bear ing spent ore.  
Each of  t h e  ma jo r  processes c u r r e n t l y  i n  use has an a p p l i c a t i o n  i n  a 
p a r t i c u l a r  s e t  o f  c i rcumstances. 
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