
Chapter 34 

CIP CARBONS - SELECTION. TESTING AND PLANT MONrrORING 

Dr. Jim Avraamides 

Mines Department of Western Australia 
Chief, Kneral Processing Laboratory 

Chemistry Centre, WA 

The p r o p e r t i e s  o f  a c t i v a t e d  c a r b o n  w h i c h  are Most  a c t i v a t e d  c a r b o n  d a t a  s h e e t s  i n c l u d e  
mos t  o f  t h e  f o l l o w i n g  m e a s u r e m e n t s :  i m p o r t a n t  f o r  g o l d  r e c o v e r y  a p p l i c a t i o n s  i n c l u d e  . .. 

a c t i v i t y ,  c a p a c i t y ,  w e a r  r e s i s t a n c e ,  p a r t i c l e  
a .  P a r t i c l e  s i z e  r a n g e .  

s i z e  d i s t r i b u t i o n  a n d  b u l k  d e n s i t y .  T h e r e  a r e  
e x p e r i m e n t a l  d i f f i c u l t i e s  i n  a t t e m p t i n g  t o  

b.  S u r f a c e  a r e a  - by n i t r o g e n  a b s o r p t i o n  
s i m u l a t e  t h e  p l a n t  e n v i r o n m e n t  i n  t h e  l a b o r a t o r y  
i n  o r d e r  t o  m e a s u r e  t h e  a b o v e  p r o p e r t i e s .  How- 

c .  M e t h y l e n e  b l u e ,  I o d i n e ,  o r  C a r b o n  
e v e r ,  s t a n d a r d  tests c a n  b e  s e t  up t o  c o m p a r e  t h e  T e t r a c h l o r i d e  (CTC) number .  
c h a r a c t e r i s t i c s  o f  d i f f e r e n t  c a r b o n s  a n d  t o  
a s s i s t  i n  m o n i t o r i n g  t h e  p e r f o r m a n c e  o f  c a r b o n  
i n  C I P  o p e r a t i o n s .  T h e s e  l a b o r a t o r y  t e s t s  a r e  
c r i t i c a l l y  e v a l u a t e d  a n d  d a t a  a r e  p r e s e n t e d  o n  
t h e  p e r f o r m a n c e  o f  c a r b o n  f r o m  a  number o f  C I P  
p l a n t s .  

REVIEW OF TEST METHODS 

The  r a p i d  e x p a n s i o n  o f  t h e  g o l d  i n d u s t r y  
h a s  s e e n  a  c o r r e s p o n d i n g  i n c r e a s e  i n  t h e  u s e  o f  
a c t i v a t e d  c a r b o n  f o r  g o l d  ( a n d  s i l v e r )  r e c o v e r y  
f r o m  c y a n i d e  p u l p s  a n d  c l e a r  h e a p  l e a c h  s o l u t i o n s .  
A t  p r e s e n t  t h e r e  a r e  two  t y p e s  o f  a c t i v a t e d  
c a r b o n  u s e d  w i d e l y  f o r  g o l d  adsorpt- ;on - namely  
c o c o n u t  s h e l l  a n d  c o a l  o r  p e a t  b a s e d  e x t r u d a t e s .  
A c t i v a t e d  c a r b o n s  d e r i v e d  f r o m  c o c o n u t  s h e l l  c h a r  
a r e  p r o d u c e d  by s e v e r a l  l a r g e  a n d  many more  
s m a l l e r  m a n u f a c t u r e r s .  The  q u a l i t y  a n d  t h e  p r i c e  
a r e  g e n e r a l l y  d i r e c t l y  r e l a t e d .  However ,  i n  
r e c e n t  y e a r s  t h e r e  h a s  b e e n  a n  i n c r e a s e d  a w a r e n e s s  
o f  t h e  n e c e s s i t y  t o  p u r c h a s e  t h e  m o s t  c o s t  
e f f e c t i v e  p r o d u c t .  I n  r e s p o n s e  t o  t h i s  some 
s i m p l e  t e s t s  w e r e  d e v e l o p e d  i n  t h e  M i n e s  D e p a r t -  

ment  t o  m e a s u r e  t h o s e  c a r b o n  p r o p e r t i e s  w h i c h  t h e  
g o l d  i n d u s t r y  c o n s i d e r e d  m o s t  i m p o r t a n t ,  i e  
k i n e t i c  a c t i v i t y  a n d  r e s i s t a n c e  t o  a t t r i t j o n .  

'There a r e  many t e s t s  a v a i l a b l e  f o r  m e a s u r i n g  
t h e  p r o p e r t i e s  o f  a c t i v a t e d  c a r b o n  - a  m a t e r i a l  
t h a t  h a s  a l o n g  h i s t o r y  of a p p l j c a t i o n s  i n  w a t e r  
t r e a t m e n t ,  g a s  a d s o r p t i o n ,  s o l v e n t  r e c o v e r y  a n d  
f o o d  p u r i f i c a t i o n .  A l t h o u g h  t h e  p u b l i s h e d ,  
s t a n d a r d  t e s t s  f o r  a c t i v a t e d  c a r b o n  d o  h a v e  some 
r e l e v a n c e  t h e y  a r e  n o t  s p e c i f i c  f o r  g o l d  r e c o v e r y  
c a r b o n s .  Most  a c t i v a t e d  c a r b o n  m a n u f a c t u r e r s  

d .  A b r a s i o n  r e s i s t a n c e  o r  i m p a c t  s t r e n g t h  

e .  K i n e t i c  a c t i v i t y  

f .  Gold l o a d i n g  c a p a c i t y .  

An e x c e l l e n t  d i s c u s s i o n  o n  t h e  r e l a t i o n s h i p s  
( o r  l a c k  o f )  among m o s t  o f  t h e  a b o v e  p a r a m e t e r s  
was r e p o r t e d  by F a u l k n e r ,  U r b a n i c  a n d  R u c k e l ,  1987. 
It became a p p a r e n t  f r o m  t h e  many r e q u e s t s  f r o m  t h e  
A u s t r a l i a n  g o l d  i n d u s t r y  f o r  c a r b o n  e v a l u a t i o n  
t h a t  t h e  m o s t  s o u g h t  a f t e r  d a t a  w e r e  k i n e t i c  
a c t i v i t y ,  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  a n d  w e a r  
c h a r a c t e r i s t i c s .  Over  t h e  l a s t  few y e a r s  i n  con-  
j u n c t i o n  w i t h  Murdoch U n i v e r s i t y  and C u r t i n  
U n i v e r s i t y  o f  T e c h n o l o g y ,  a n d  w i t h  t h e  c o - o p e r a t i o n  
o f  t h e  m a j o r  d i s t r i b u t o r s  o f  a c t i v a t e d  c a r b o n  i n  
A u s t r a l i a  a n  e x t e n s i v e  d a t a  b a s e  h a s  b e e n  g e n e r a t e d  
on  t h e  a c t i v i t y  a n d  w e a r  p r o p e r t i e s  o f  C I P  c a r b o n s .  

TEST METHODS 

It s h o u l d  be  e m p h a s i z e d  f r o m  t h e  s t a r t  t h a t  
t h e  c h o i c e  o f  test d e p e n d s  on  w h e t h e r  t h e  r e s u l t  
i s  t o  b e  u s e d  f o r  q u a l i t y  c o n t r o l  i n  m a n u f a c t u r e ,  
p l a n t  d e s i g n  o r  c o m p a r i s o n  o f  c a r b o n s  f r o m  d i f f e r -  
e n t  s o u r c e s .  Whereas  m e a s u r i n g  p a r t i c l e  s i z e  
d i s t r i b u t i o n  i s  a  s t r a i g h t  f o r w a r d  p r o c e d u r e  u s i n g  
s t a n d a r d  mesh s i e v e s ,  o t h e r  t e s t  m e t h o d s  s u c h  a s  
k i n e t i c  a c t i v i t y  ( o r  g o l d  l o a d i n g  r a t e )  and  
a b r a s i o n  o r  a t t r i t i o n  r e s i s t a n c e  v a r y  be tween  
l a b o r a t o r i e s .  I n  p a r t i c u l a r ,  t h e r e  seemed t o  b e  a 
t e n d e n c y  i n  a l l  c a r b o n  m a n u f a c t u r e r ' s  d a t a  s h e e t s  
f o r  a b r a s i o n  r e s i s t a n c e  v a l u e s  t o  l i e  a b o v e  99%! 

h a v e  t h e i r  own i n - h o u s e  m e t h o d s  f o r  t e s t i n g  It was  d e c i d e d  a t  t h e  b e g i n n i n g  o f  t h i s  e s -  
c a r b o n s  a n d  n o r m a l l y  p r o v i d e  c o m p r e h e n s i v e  d a t a  e r c i s e  t o  u s e  two o r  t h r e e  o f  t h e  m o s t  s u c c e s s f u l  
s h e e t s  f o r  t h e i r  c u s t o m e r s .  U n f o r t u n a t e l y  t e s t  ( a n d  h i g h e s t  p r i c e d )  c o m m e r c i a l  c a r b o n s  a s  
m e t h o d s  v a r y  be tween  m a n u f a c t u r e r s  s o  l i t t l e  r e f e r e n c e  m a t e r i a l s .  A l l  m e a s u r e m e n t s  w e r e  t h e n  
b e n e f i t  c a n  b e  g a i n e d  by c o m p a r i n g  d a t a  s h e e t s .  made u s i n g  o n e  o r  more  o f  t h e s e  2s a c o n t r o l .  
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T h i s  was  o f  p a r t i c u l a r  i m p o r t a n c e  f o r  t h e  a c t i v i t y  
t e s t , t h e  r e s u l t s  of  w h i c h  w e r e  s u b j e c t  t o  c h a n g e s  
i n  s o l u t i o n  t e m p e r a t u r e ,  s t a n d a r d  g o l d  s o l u t i o n  
p r e p a r a t i o n  a n d  o t h e r  e x p e r i m e n t a l  v a r i a b l e s .  

A c t i v i t y  T e s t  

S e v e r a l  d i f f e r e n t  methods  f o r  m e a s u r i n g  t h e  
r a t e  a t  w h i c h  g o l d  i s  a d s o r b e d  o n t o  c a r b o n  f r o m  
a n  a l k a l i n e  c y a n i d e  s o l u t i o n  h a v e  been p r o p o s e d .  
T h e r e  a r e  d i f f e r e n c e s  i n  e q u i p m e n t  ( e g  a g i t a t e d  
b a f f l e d  v e s s e l s ,  b o t t l e  r o l l s  o r  f l a s k  s h a k e r s ) ,  
s o l u t i o n  c o m p o s i t i o n ,  c a r b o n  c o n c e n t r a t i o n  c a r b o n  
p a r t i c l e  s i z e  and  c a r b o n  p r e - t r e a t m e n t .  F o r  
s i m p l i c i t y ,  s p e e d  a n d  r e l i a b i l i t y  t h e  b a t c h  
k i n e t i c  test d e v e l o p e d  and  a d a p t e d  bv w o r k e r s  a t  
M i n t e k  i n S o u t h  A f r i c a  ( F l e m i n g  a n d  N i c o l ,  1 9 8 4 )  
a n d  Murdoch U n i v e r s i t y  (Labrooy  a n d  Bax,  1 9 8 5 )  
was c o n s i d e r e d  t o  b e  a c c e p t a b l e  f o r  t h e  f o l l o w i n g  
r e a s o n s .  

a )  No s p e c i a l  e q u i p m e n t  was  r e q u i r e d  a p a r t  
f r o m  a b o t t l e  r o l l  a n d  a  f l a m e  a t o m i c  
a b s o r p t i o n  s p e c t r o p h o t o m e t e r  (AAS). 

b )  Gold c o n c e n t r a t i o n s  c a n  b e  r e a d  d i r e c t l y  
o n  t h e  AAS i f  i n  t h e  r a n g e  0-10 ppm. 

c )  Time o f  t h e  test  is  3 h o u r s  a n d  s e v e r a l  
s a m p l e s  a r e  t a k e n  f o r  g o l d  a n a l y s i s  
which  s m o o t h s  e r r o r s  a r i s i n g  f rom 
s a m p l i n g  a n d  measurement  p r o c e d u r e s .  

d )  C l o s e l y  s i z e d  c a r b o n  s a m p l e s  are u s e d  
i n  o r d e r  t o  r e d u c e  t h e  e f f e c t s  o f  
e x t e r n a l  s u r f a c e  a r e a  d i f f e r e n c e s  
be tween  s a m p l e s .  

e )  A c o n t r o l  c a r b o n  is  r u n  w i t h  e a c h  
b a t c h  o f  test c a r b o n s  a n d  t h e  
r e s u l t i n g  a c t i v i t j - e s  a r e  e x p r e s s e d  
e i t h e r  as a rate  c o n s t a n t ,  k ,  o r  a s  
a  r e l a t i v e  percent .age  a c t i v i t y .  

The d a t a  o b t a i n e d  f r o m  t h e  a c t i v i t y  test  
o n l y  p r o v i d e  c o m p a r a t i v e  a c t i v i t i e s .  R e s u l t s  
c a n  b e  p r e s e n t e d  g r a p h i c a l l y  as g o l d  a d s o r p t i o n  
c u r v e s  ( F i g u r e  1 )  o r  e l s e  u s e d  t o  c a l c u l a t e  a 
rate c o n s t a n t ,  k ,  f r o m  t h e  e q u a t i o n  below w h i c h  
h a s  been  r e p o r t e d  e l s e w h e r e  i n  t h e  l i t e r a t u r e  
(Labrooy  and  Bax ,  1 9 8 5 ) .  

t n  
A[AU]: = k[AuIs t w h i c h  c a n  b e  r e w r i t t e n  as 

w h e r e  : 

A[AU]: = c h a n g e  i n  g o l d  l o a d i n g  o n  t h e  c a r b o n  
s i n c e  t i m e ,  t = z e r o  (ppm). 

[A";: = g o l d  c o n c e n t r a t i o n  i n  s o l u t i o n  a t  
t i m e ,  t ( p p ~ n ) .  

n  = e m p i r i c a l  c o n s t a n t  d e p e n d e n t  o n  
c a r b o n  s a m p l e  and  h a v i n g  v a l u e s  
i n  t h e  r a n g e  0 .6-1 .5  a n d  f o r  
f r e s h  c a r b o n s  a r o u n d  1 . 0 .  

F i g u r e  1 .  A c t i v i t y  d a t a  f o r  c o c o n u t  c a r b o n s  

t = t i m e  o f  g o l d  a d s o r p t i o n  ( h ) .  

k  = rate c o n s t a n t  ( h - ' , f o r  n = 1 )  

E x p e r i m e n t a l  c o n d i t i o n s  are a s  f o l l o w s  

a )  Weigh o u t  0 . 5  g  s c r e e n e d  c a r b o n  
( d r y  w e i g h t  b a s i s )  

b )  B o t t l e  r o l l  a t  1 0 0  rpm w i t h  0 . 5  l i t r e s  
o f  a s t a n d a r d  g o l d  s o l u t i o n  ( 1 0  ppm Au, 
250 ppm NaCN, pH 1 0 ) .  

c )  Take  5 mL s a m p l e s  a t  0 ,  0 . 5 ,  1 . 0 ,  2 . 0 ,  
3.0 h o u r s  and  m e a s u r e  g o l d  by f l a m e  AAS. 

F o r  c o c o n u t  s h e l l  c a r b o n s  t h e  f r a c t i o n  2 .00-  
2 .36  mm is  n o r m a l l y  t a k e n .  E x t r u d e d  c a r b o n s  are 
more r e g u l a r  i n  s h a p e  and  s i z e  and  are u s u a l l y  
s c r e e n e d  o n l y  a t  1 . 0 0  mm t o  remove f i n e s .  High 
q u a l i t y  a c t i v a t e d  c a r b o n s  h a v e  measured  a c t i v i t y  
c o n s t a n t s ,  k ,  i n  t h e  r a n g e  700-1400 h7 f o r  
t e m p e r a t u r e s  be tween  15 and  35°C. The e x p e r i m e n t a l .  
v a r i a t i o n  i n  k  v a l u e s  d e r i v e d  f r o m  t h e  a b o v e  test 
is a b o u t  *lo% which  is  w e l l  w i t h i n  t h e  s c o p e  of  
t h e  method t o  r a n k  c a r b o n  a c t i v i t i e s  w i t h  
c o n f i d e n c e .  

R e l a t i v e  a c t i v i t i e s  a r e  c a l c u l a t e d  f r o m  t h e  
g o l d  a d s o r b e d  a t  time = 1 h o u r .  T h i s  may be  done  
g r a p h i c a l l y  o r  c a n  b e  c a l c u l a t e d  f rom t h e  rate 
e q u a t i o n ,  w h i c h ,  a t  t = 1 h o u r  s i m p l i f i e s  t o :  

Some v a l u e s  of k ,  s o l u t i o n  g o l d  c o n c e n t r a t i o n s  
and  r e l a t i v e  a c t i v i t i e s  a r e  g i v e n  i n  T a b l e  1. 
E q u a t i o n  2  c o r r e c t s  f o r  any  v a r i a t i o n  i n  w e i g h t  o f  
c a r b o n  a n d  i n i t i a l  c o n c e n t r a t i o n  o f  g o l d .  It i s  
a p p a r e n t  f r o m  t h e  d a t a  i n  T a b l e  1 t h a t  t h e r e  is  a 
s m a l l e r  i n c r e m e n t a l  i n c r e a s e  i n  r e l a t i v e  a c t i v i t y  
t h a n  i n  k  v a l u e .  F o r  t h e  f i r s t  two c a r b o n s  i n  
T a b l e  1 t h e  k  v a l u e s  d i f f e r  by a f a c t o r  o f  a b o u t  
7  w h e r e a s  t h e r e  is  o n l y  a 4 . 5 - f o l d  i n c r e a s e  i n  
r e l a t i v e  a c t i v i t y .  Most c l i e n t s  p r e f e r  t h e  
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Table 1, Comparison between a c t i v i t y  c o n s t a n t s ,  k ,  
and r e l a t i v e  a c t i v i t i e s .  

t =  1 
R e l a t i v e  

k(h- ' )  [Auls ( P P ~ )  A c t i v i t y  (%) 
Expe r imen ta l  c a l c u l a t e d "  ( ~ r o m  Equn. 2 )  

1 )  From k  v a l u e  u s i n g  Equa t i on  2 .  

2 )  C o n t r o l  s amp le  a r b i t r a r i l y  s e t  a t  1002 

r e l a t i v e  a c t i v i t y  d a t a  i f  t h e y  a r e  s e e k i n g  inform-  
a t i o n  on t h e  merits of  one  c a r b o n  o v e r  a n o t h e r .  
A t  t h e  uppe r  end of  t h e  a c t i v i t y  s c a l e  i t  c a n  be  
s e e n  t h a t  a p p a r e n t l y  l a r g e  changes  i n  k  v a l u e  
t r a n s l a t e  i n t o  r a t h e r  s m a l l e r  i n c r e m e n t s  i n  
r e l a t i v e  a c t i v i t y .  

Assessment  of  f r e s h  a c t i v a t e d  c a r b o n s  is 
u s u a l l y  c a r r i e d  o u t  u s i n g  a  d i s t i l l e d  o r  d e i o n i z e d  
w a t e r  s o l u t i o n  of  g o l d  c y a n i d e .  Measurement of  
t h e  a c t i v i t y  o f  a c t i v a t e d  c a r b o n s  f rom o p e r a t i n g  
g o l d  mines  i s  p r e f e r a b l y  per formed i n  p r o c e s s  
w a t e r .  It h a s  been e s t a b l i s h e d  t h a t  c a r b o n s  
exposed  t o  h i g h l y  s a l i n e  p r o c e s s  w a t e r s  e x h i b i t  
d i m i n i s h e d  a c t i v i t i e s  i n  low i o n i c  s t r e n g t h  
t es t  s o l u t i o n s .  Consequen t l y ,  r e q u e s t s  a r e  
made t o  t h e  c l i e n t  t o  p r o v i d e  s u f f i c i e n t  p r o c e s s  
water i f  s a l i n i t y  l e v e l s  a r e  h i g h  ( i e  above  
1 0 , 0 0 0  ppm). T h i s  i s  p a r t i c u l a r l y  s i g n i f i c a n t  i n  
Western  A u s t r a l i a  where  many CIP  and  heap  l e a c h  
o p e r a t i o n s  a r e  u s i n g  ground w a t e r s  c o n t a i n i n g  
up t o  200 ,000  ppm t o t a l  d i s s o l v e d  s o l i d s .  

Wear T e s t s  

A c t i v a t e d  c a r b o n  i s  l o s t  f rom CIP c i r c u i t s  
t h r o u g h  wet  a t t r i t i o n  i n  t h e  a b r a s i v e  a g i t a t e d  
p u l p  env i ronmen t  o f  t h e  a d s o r p t i o n  c i r c u i t ,  d u r i n g  
t r a n s p o r t  and s c r e e n i n g  o p e r a t i o n s  and by o x i d -  
a t i o n  o r  b u r n i n g  i n  t h e  r e g e n e r a t i o n  k i l n .  
T h e r e  w i l l  a l s o  be some l o s s e s  t h r o u g h  d r y  
a b r a s i o n  i n  t h e  k i l n .  S e v e r a l  a c c e l e r a t e d  tests 
were  d e v i s e d  o r  a d a p t e d  f rom i n f o r m a t i o n  a v a i l -  
a b l e  i n  t h e  l i t e r a t u r e .  A l l  t h e  tests i n v o l v e  
s u b j e c t i n g  t h e  s i z e d  c a r b o n  s amp le  t o  a  wear 
r eg ime  and t h e n  measu r ing  t h e  p r o p o r t i o n  of  under-  
s i z e  and  o v e r s i z e  a f t e r  s c r e e n i n g  a t  1 . 0 0  mm.  
Ca rbons  a r e  a l w a y s  c o n d i t i o n e d  f o r  a  s h o r t  t i m e  
t o  remove i m p e r f e c t i o n s  and weak p a r t s  of  t h e  
p a r t i c l e s .  T h i s  c o n d i t i o n i n g  s t e p  o f t e n  i n d i c a t e s  
how w e l l  t h e  m a n u f a c t u r e r  h a s  p r e p a r e d  t h e  c a r b o n  
f o r  d e l i v e r y .  Some g o l d  min ing  o p e r a t e r s  con- 
d i t i o n  a l l  new c a r b o n  b e f o r e  it is s e n t  t o  t h e  
a d s o r p t i o n  c i r c u i t .  

I n  t h e  d r y  a b r a s i o n  t e s t  a  50  g  c h a r g e  of 
d r i e d  s i z e d  c a r b o n  i s  pre-abraded  f o r  1 0  m i n u t e s  
on a 1 .00  rnm s t a n d a r d  b r a s s  s i e v e  of 200 mm d i a -  
meter u s i n g  a 20 mm s t a i n l e s s  s t e e l  b a l l  and  a 
"Ro-tap" s i e v e  s h a k e r .  The +1.00 mm material 
(30  g )  i s  t h e n  s u b j e c t e d  t o  t h e  same c o n d i t i o n s  
f o r  a f u r t h e r  6 0  m i n u t e s .  The  p e r c e n t a g e  r a t i o  
of  o v e r s i z e  t o  t o t a l  c h a r g e  i s  t h e  a b r a s i o n  
r e s i s t a n c e  [ E q u a t i o n  ( 3 ) ] .  

Table 2, Dry a b r a s i o n  r e s i s t a n c e  f o r  v a r i o u s  
a c t i v a t e d  c a r b o n s .  

Dry a b r a s i o n  
P a r t i c l e  r e s i s t a n c e  

Sample S i z e  (mm) ( p e r c e n t )  

A) Coconut s h e l l  2.80-3.36 94 .7  
A) Coconut s h e l l  2.00-2.36 9 3 . 7  
A) Coconut s h e l l  1.70-2.00 9 2 . 7  
B) Coconut s h e l l  2.00-2.36 8 5 . 0  
C) Coconut s h e l l  2.00-2.36 90 .1  
D) Ex t ruded  +1.00  mm 9 6 . 5  
E) Ex t ruded  +1.00 mm 93 .7  

Abra s ion  R e s i s t a n c e  ( i n  p e r c e n t )  

+1 .OO mm o v e r s i z e  . . . ( 3 )  - o v e r s i z e  + u n d e r s i z e  

Abra s ion  r e s i s t a n c e s  are r e l a t e d  t o  p a r t i c l e  s i z e  
a s  shown by t h e  d a t a  i n  T a b l e  2.  

Two w e t  a t t r i t i o n  t e s t s  were  d e v i s e d  - one  
u s i n g  a  w a t e r  s l u r r y  of c a r b o n  and t h e  second 
u s i n g  a n  o r e  p u l p .  The equipment  employed was a  
Wemco A t t r i t i o n e r  c o m p r i s i n g  a b a f f l e d  c y l i n d -  
r i c a l  v e s s e l  160  mm d i a m e t e r  and 305 mm h i g h  and 
a n  e l e c t r i c a l l y  d r i v e n  s h a f t  a t  t h e  bot tom of  
which  we re  a t t a c h e d  3  x  4  - b l aded  p r o p e l l o r s ,  
34 mm a p a r t ,  and c o v e r i n g  a n  a r c  100  mm i n  d i a -  
m e t e r ,  The c a r b o n  c h a r g e  (30  g )  is f i r s t  con- 
d i t i o n e d  a t  1000 rpm f o r  5  m i n u t e s , s c r e e n e d  a t  
1 . 00  mm and  d r i e d .  The d r y  o v e r s i z e  ( 20  g )  is 
r e t u r n e d  t o  t h e  b a f f l e d  v e s s e l  and  a t t r i t i o n e d  
f o r  a  f u r t h e r  20  m i n u t e s .  T h i s  p r o c e d u r e  c a n  be  
c o n t i n u e d  i f  n e c e s s a r y .  A t t r i t i o n  r e s i s t a n c e  is  
c a l c u l a t e d  u s i n g  Equa t i on  ( 3 ) .  Wet a t t r i t i o n  
tests u s i n g  o n l y  w a t e r  show an  i n v e r s e  r e l a t i o n -  
s h i p  between t h e  a t t r i t i o n  and  t h e  p a r t i c l e  s i z e  
( T a b l e  3 ) .  

Table 3, Wet a t t r i t i o n  r e s i s t a n c e s  f o r  v a r i o u s  
a c t i v a t e d  c a r b o n s .  

Wet a t t r i t i o n  
P a r t i c l e  r e s i s t a n c e  

Sample s i z e  (mm) ( p e r c e n t )  

A) Coconut s h e l l  2.80-3.36 9 1  .O 
A) Coconut  s h e l l  2.00-2.36 92 .5  
A) Coconut s h e l l  1.40-1.70 9 3  .O 
B) Coconut s h e l l  2.00-2.36 93 .0  
C) Coconut s h e l l  2.00-2.36 8 8 . 5  
D) Ex t ruded  +1.00 mm 9 1 . 5  
E) Ex t ruded  +1.00  mm 9 5 . 5  

Some p r e l i m i n a r y  d a t a  are a v a i l a b l e  f o r  p u l p  
a t t r i t i o n  tests on a l i m i t e d  s e l e c t i o n  of  c a r b o n s  
F i g u r e  2  shows t h e  c u m u l a t i v e  l o s s  of  c a r b o n  
(-1.00 mm m a t e r i a l )  as t h e  t e s t  is r e p e a t e d  
s e v e r a l  times on t h e  o v e r s i z e  r ema in ing  f rom t h e  
p r e v i o u s  t e s t .  Q u i t e  s i g n i f i c a n t  d i f f e r e n c e s  i n  
behav iou r  were r e c o r d e d  f o r  some commonly a v a i l -  
a b l e  a c t i v a t e d  c a r b o n s .  

Wear c y c l e  t i m e s  f o r  b o t h  t h e  wet  and d r y  
t e s t s  were  chosen  t o  g i v e  a t  least a  5% w e i g h t  
l o s s  a s  f i n e s  f o r  t h e  premium commerc ia l  c a r b o n s .  
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Figure 2. A t t r i t i o n  o f  c a r b o n  i n  40% w/v p u l p ,  
c a r b o n  c o n c e n t r a t i o n  10 g / l .  

T h i s  h a s  made t h e  tests 1-ess  s e n s i t i v e  t o  o p e r a t o r  
and  e x p e r i m e n t a l  e r r o r  and  g i v e s  a  g r e a t e r  s p r e a d  
of  r e s u l t s  a l l o w i n g  f o r  easier compar i sons  t o  be  
made be tween c a r b o n s .  

O t h e r  T e s t s  

C h a r a c t e r i s a t i o n  o f  c a r b o n s  c a n  a l s o  i n v o l v e  
e q u i l i b r i u m  l o a d i n g  t es t s ,  Methylene  Blue,CTC o r  
I o d i n e  Numbers, bu lk  d e n s i t y  and  p a r t i c l e  s i z e  
a n a l y s i s .  E q u i l i b r i u m  l o a d i n g  o r  c a p a c i t y  i s  
n o t  c o n s i d e r e d  as i m p o r t a n t  as k i n e t i c  a c t i v i t y  
b e c a u s e  i n  p r a c t i c e  c a r b o n s  are n e v e r  l o a d e d  w i t h  
g o l d  t o  more t h a n  a b o u t  1 0  p e r c e n t  o f  t h e i r  
c a p a c i t y .  The c o m b i n a t i o n  o f  l i m i t e d  r e s i d e n c e  
time and f o u l i n g  by o t h e r  p u l p  s p e c i e s  l i m i t s  
g o l d  l o a d i n g s  t o  2000-10,000 e / t .  Methylene  B l u e  
CTC,or I o d i n e  Numbers are e f f e c t i v e l y  measu re s  o f  
s u r f a c e  area which  c o n s e q u e n t l y  may r e f l e c t  
a c t i v i t y .  However,low a c t i v i t y  b r o u g h t  a b o u t  by 
f o u l i n g  d o e s  n o t  n e c e s s a r i l y  r e s u l t  i n  d e c r e a s e d  
v a l u e s  of  Methylene  Blue,CTC o r  I o d i n e  Numbers. 
S u r f a c e  areas based  on  n i t r o g e n  a b s o r p t i o n  are 
a round  1000  f o r  good a c t i v a t e d  c a r b o n s  b u t  
t h e  way i n  which  t h e  s u r f a c e  is  p r e p a r e d  is  a l s o  
i m p o r t a n t .  Bulk  d e n s i t y  is a n o t h e r  u s e f u l  measu re  
of c a r b o n  a c t i v i t y  i n  t h a t  i t  i n d i r e c t l y  r e l a t e s  
t o  t h e  e x t e n t  of  a c t i v a t i o n .  The  a c t i v a t i o n  
p r o c e s s  i n v o l v e s  t r e a t i n g  t h e  c a r b o n  w i t h  steam 
a t  t e m p e r a t u r e s  above  800'C i n  o r d e r  t o  c r e a t e  
t h e  p o r e  s t r u c t u r e  and  t h e  r i g h t  s u r f a c e  
c h e m i s t r y .  Development of  p o r e s  r e s u l t s  i n  l o s s  
of  c a r b o n  and  h e n c e  lower!; t h e  bu lk  d e n s i t y  t o  
a round  0 . 5  kg  m-'. Very low b u l k  d e n s i t i e s  are 
a s s o c i a t e d  w i t h  v e r y  h i g h  a c t i v i t y  b u t  poo r  wear  
c h a r a c t e r i s t i c s .  F i n a l l y  t h e  p a r t i c l e  s i z e  r a n g e  
of any  b a t c h  of  a c t i v a t e d  c a r b o n  s h o u l d  a v e r a g e  
a round  2 mm f o r  c o c o n u t  s h e l l  t y p e .  P a r t i c l e s  
l a r g e r  t h a n  3 mm w i l l  have  low a c t i v i t y  and  t h o s e  
below 1 mm w i l l  p a s s  t h r o u g h  t h e  i n t e r s t a g e  
s c r e e n s  and  be  l o s t  i n t o  t h e  t a i l i n g s  p u l p .  

I t  is  i m p o r t a n t  t o  u s e  a combina t i on  of  
tests t o  p r o p e r l y  a s s e s s  a  p a r t i c u l a r  c a r b o n .  
F o r  example ,  a c a r b o n  s u b m i t t e d  f o r  t e s t i n g  
showed a  h i g h  a c t i v i t y ,  a  r e a s o n a b l e  d r y  a b r a s i o n  
r e s i s t a n c e  b u t  a v e r y  low Carbon T e t r a c h l o r i d e  

Number. Examinat ion  of t h e  wear test  d a t a  re- 
v e a l e d  a v e r y  h i g h  p r e - a b r a s i o n  v a l u e .  D i s c u s s i o n  
w i t h  t h e  c l i e n t  con f i rmed  t h a t  t h e  s t e am a c t i v a t i o n  
had been c a r r i e d  o u t  r a p i d l y  r e s u l t i n g  i n  ove r -  
a c t i v a t i o n  of  t h e  o u t e r  s u r f a c e  of  t h e  c o c o n u t  
s h e l l  c h a r .  T h i s  o u t e r  s u r f a c e  was of  low bu lk  
d e n s i t y  a n d ,  c o n s e q u e n t l y ,  was e a s i l y  a b r a d e d  ex- 
p o s i n g  t h e  h a r d e r  c o r e ,  which  was l a r g e l y  un- 
a c t i v a t e d .  

PLANT MONITORING 

The a c t i v a t e d  c a r b o n  u s e d  f o r  g o l d  r e c o v e r y  i n  
a  CIP p l a n t  i s  a l s o  a n  e f f i c i e n t  a d s o r b e r  f o r  many 
o t h e r  p u l p  c o n s t i t u e n t s  b o t h  o r g a n i c  and  i n o r g a n i c  
(Labrooy and Bax, 1985 ) .  Consequen t l y  t h e  a c t i v i t y  
of  c a r b o n  d e c r e a s e s  w i t h  i n c r e a s e d  c o n t a c t  times i n  
t h e  p u l p .  The l o a d e d  c a r b o n  is  t h e n  s e p a r a t e d  f rom 
t h e  p u l p ,  a c i d  washed ,  e l u t e d ,  r e g e n e r a t e d  and re- 
t u r n e d  t o  t h e  a d s o r p t i o n  s e c t i o n .  An a c t i v i t y  
p r o f i l e  of  c a r b o n  t h r o u g h  a  p l a n t  i s  o f t e n  a u s e f u l  
g u i d e  t o  o v e r a l l  p l a n t  pe r fo rmance  when compared t o  
t h e  g o l d  l o a d i n g  p r o f i l e .  T a b l e  4  compares  t h e  

Table 4, A c t i v i t y  and  g o l d  l o a d i n g  p r o f i l e s  of  CIP 
p l a n t s  t r e a t i n g  o x i d e  o r e s .  

P l a n t  A P l a n t  B 
A c t i v i t y  [Au] A c t i v i t y  [Au] 

Carbon s amp le  (%) ( g / t )  (%) ( g / t )  

F r e s h  
K i l n  Regen 
Adso rbe r  6  

5  
4  
3 
2 
1 

E l u t e d  

b e h a v i o u r  of  two p l a n t s  t r e a t i n g  o x i d e  o r e .  P o i n t s  
t o  n o t e  are: 

a )  B e t t e r  k i l n  r e g e n e r a t i o n  i n  P l a n t  B. 

b )  Ma in t enance  of  h i g h e r  c a r b o n  a c t i v i t y  
t h r o u g h  t h e  a d s o r p t i o n  s e c t i o n  of 
P l a n t  A .  

c )  Lower g o l d  l o a d i n g s  on b a r r e n  c a r b o n  
f rom P l a n t  A. 

d )  D i f f e r e n t  g o l d  l o a d i n g  p r o f i l e s .  P l a n t  B 
h a s  some r e s e r v e  c a p a c i t y  i n  t h e  l as t  
a d s o r b e r  (No. 6 )  t o  cope  w i t h  any  
v a r i a t i o n s  i n  g o l d  g r a d e  o r  temporary  
s h u t  down of  t h e  r e g e n e r a t i o n  k i l n .  

e )  S i g n i f i c a n t  improvement i n  c a r b o n  a c t i v i t y  
f o l l o w i n g  e l u t i o n  i n  t h e  c a s e  of P l a n t  B. 
T h i s  p a r t i c u l a r  o p e r a t i o n  t r e a t s  l a t e r i t i c  
o r e  f r om a n e a r  s u r f a c e  d e p o s i t  and  t h e  
p r e s e n c e  of n a t u r a l l y  o c c u r r i n g  v e g e t a t i o n  
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p r o d u c t s  r e s u l t s  i n  o r g a n i c  f o u l i n g  o f  t h e  c a r b o n .  
T h e s e  o r g a n i c s  a r e  p r o b a b l y  removed by t h e  
s t r o n g l y  a l k a l i n e ,  h o t  s t r i p  s o l u t i o n .  

I t  is o f t e n  i n s t r u c t i v e  t o  m e a s u r e  t h e  
l e v e l s  o f  o t h e r  s p e c i e s  a d s o r b e d  o n t o  c a r b o n .  
Those  mos t  o f t e n  p r e s e n t  on  c a r b o n s  f rom W e s t e r n  
A u s t r a l i a n  CIP  p l a n t s  i n c l u d e  i n o r g a n i c s  s u c h  a s  
s i l v e r ,  n i c k e l ,  c o p p e r ,  s u l p h a t e ,  c a r b o n a t e ,  
s i l i c a ,  i r o n ,  magnesium and c a l c i u m ,  and  o r g a n i c s  
s u c h  as f l o t a t i o n  r e a g e n t s ,  humic a c i d s  and 
l u b r i c a t i n g  o i l s .  D e t e c t i o n  of  o r g a n i c s  by 
t h e r m a l  a n a l y s i s  methods  h a s  p r o v e n  t o  be  q u i t e  
s u c c e s s f u l ,  p a r t i c u l a r l y  f o r  f l o t a t i o n  r e a g e n t s .  
A common c o n t a m i n a n t  on  a c t i v a t e d  c a r b o n s  is 
c a l c i u m  c a r b o n a t e  and a t  l e v e l s  a b o v e  5% w/w 
t h e r e  is a  p r o f o u n d  d e a c t i v a t i n g  e f f e c t .  Acid 
w a s h i n g  of  s u c h  c a r b o n s  u s u a l l y  r e s u l t s  i n  
s i g n i f i c a n t  i n c r e a s e s  i n  a c t i v i t y .  

The a v a i l a b i l i t y  of  a p p r o p r i a t e  p r o c e d u r e s  
f o r  m e a s u r i n g  t h e  p r o p e r t i e s  o f  a c t i v a t e d  c a r b o n  
i s  o f  g r e a t  v a l u e  t o  t h e  m e t a l l u r g i s t  i n  making 
t h e  i n i t i a l  s e l e c t i o n  o f  t h e  mos t  c o s t  e f f e c t i v e  
c a r b o n  and  i n  t h e  s u b s e q u e n t  m o n i t o r i n g  o f  t h e  
p e r f o r m a n c e  o f  t h e  c a r b o n  i n  t h e  p l a n t .  Those  
p r o p e r t i e s  o f  c a r b o n  w h i c h  a r e  o f  i m m e d i a t e  
c o n c e r n  a p p e a r  t o  be  a c t i v i t y ,  wear  r e s i s t a n c e  
and  p a r t i c l e  s i z e .  An e f f e c t i v e  and s i m p l e  
a c t i v i t y  test  e n a b l e s  t h e  p l a n t  o p e r a t o r  t o  c a r r y  
o u t  measurements  o n - s i t e  which  a l l o w s  d a i l y  
c h e c k i n g  o f  t h e  e x t e n t  o f  c a r b o n  f o u l i n g  and t h e  
e f f e c t i v e n e s s  o f  t h e  r e g e n e r a t i o n  k i l n .  A l t h o u g h  
c a r b o n  l o s s e s  by a t t r i t i o n  c a n  o n l y  be  a c c u r a t e l y  
measured  t h r o u g h  a c t u a l  p l a n t  o p e r a t i n g  e x p e r i e n c e  
t h e  a v a i l a b i l i t y  o f  l a b o r a t o r y  test  methods  i s  
u s e f u l  f o r  r a n k i n g  c a r b o n s  i n  o r d e r  of  wear  
r e s i s t a n c e .  The f i n a l  d e c i s i o n  i n  c a r b o n  
s e l e c t i o n  w i l l  a l s o  depend o n  o t h e r  f a c t o r s  s u c h  
a s  a v a i l a b i l i t y ,  c o n s i s t e n c y  o f  p r o d u c t ,  m o i s t u r e  
c o n t e n t ,  p a r t i c l e  s i z e  d i s t r i b u t i o n  and  l a s t ,  
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