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Abst rac t :  The'process of t r e a t i n g  g ranu la r  
a c t i v a t e d  carbon f o r  recurn  t o  s e r v i c e  i n  t h e  
recovery of gold  in  Carbon i n  Pulp  and Carbon in 
Leach c i r c u i t s  has been inves t iga t ed .  Ctrbons 
from foltr U.S.A. mines, one Canadian mine and one 
South Afr i -sn  mine were cha rac t e r i zed  before  and 
a f t e r  r egene ra t ion .  The use o f  thermal gravi -  
me t r i c  analyses  demonstrated the  presence o f  
inorganic  compounds on t h e  su r f ace  o f  t h e  carbon. 
Thermal r egene ra t ion  was inves t iga t ed  us ing 
f a c t o r i a l  a n a l y s i s  t o  determine t h e  e f f e c t  o r  
i n t e r a c t  ion o f  furnace  temperature,  r e t e n t  ion  
t ime and t h e  use  o f  supplemental  steam. The 
ope ra t ion  o f  ac id  leaching p r i o r  t o  o r  a f t e r  gold  
e l u t i o n  was inves t iga t ed .  The e f f e c t  o f  water 
qusnching regenera ted  carbon was a l s o  s tud ied .  
From t h e  daca obta ined in  t h i s  i n v e s t i g a t i o n ,  
gu ide l ines  a r e  g iven f o r  e f f e c t i v e  r egene ra t ion  
ope ra t  ion. 

In t roduc t  ion 

The Carbon i n  Pulp  (CIP) and Carbon in  Leach 
(CIL) processes  f o r  recovery  of gold have become 
inc reas ing ly  important i n  t h e  gold indus t ry .  
Therefore ,  it is a l s o  important t o  understand t h e  
u n i t  processes  i n  t he  CIP/CIL ope ra t ions  which 
could a f f e c t  t h e  c o n d i t i o n  o f  t h e  a c t i v a t e d  
ca r jon .  Carbon pre t rea tment  and r egene ra t  ion 
procedures developed thus  f a r  have been der ived 
from mine exper ience  g e n e r a l l y  through t r i a l  and 
e r r o r  approaches.  For ou r  i n v e s t i g a t i o n ,  
r egene ra t ions  us ing f a c t o r i a l  ana lyses  were 
performed on carbon samples t o  de termine  t h e  
e f f e c t s  of t ime, tempera ture  and steam. The work 
r epo r t ed  h e r e  a t t empt s  LO d e l i n e a t e  f a c t o r s  which 
a f f e c t  r egene ra t ion  of carbon. 

Experiment a 1  

Carbon C h a r a c t e r i z a t i o n  

Iod ine  Number was obta ined us ing Calgon Tes t  
Method 4 .  Czrbon t e t r a c h l o r i d e ,  apparent  
d e n s i t y  and t o t a l  ash t e s t i n g  was done according 
t o  ASTM  method^.^ 

Iod ine  Number (12 No.) i s  a  measure o f  t h e  
amount of i od ine  adsorbed per gram o f  carbon and 
g i v e s  an i n d i c a t i o n  oE t h e  a v a i l a b l e  s u r f a c e  a r e a  
o f  t h e  carbon. Carbon t e t r a c h l o r i d e  ( m i 4 )  
a c t i v i t y  is t h e  weight (2) of  CCl4 adsorbed on 
t h e  carbon and g ives  an i n d i c a t  ion of t h e  
a c t i v a t  ion  l e v e l  o f  t h e  a c t i v a t e d  carbon. 

The K-Value and r a t e  t e s t  R-Value a r e  Calgcn 
adap t ions  o f  Miritek and Anglo American Research 
Labora to r i e s  (AARL) t e s t  methods3 and a r e  
measurements of gold  c a p a c i t y  and r a t e  o f  gold  
removal, r e s p e c t i v e l y .  

S t r i p p i n g / ~ 1 u t  ion 

The carbon samples from t h e  South Af r i can  CIL 
p i l o t  p l an t  ve re  s t r i p p e d  by c o n t a c t i n g  them with 
3% HCl a t  ambienc cond i t i ons  f o r  one hour .  This  
was followed by a  n e u t r a l i z a t i o n  with 1% Nag 

Cog a t  ambient cond i t i ons  and two bed volumes 
(B.V.) of d i s t i l l e d  water (D.1.) a t  120°C. Gold 
e l u t i o n  of t h e  carbon samples was performed us ing 
a p re s su r i zed  system by pumpin:: a  22 NaCIIIlX 
Ka2C03 s o l u t i o n  through the  carbon a t  !2O0C 
u n t i l  an a l k a l i n e  pH (2 11)  was de t ec t ed .  The 
carbon was then allowed t o  soak f o r  one hour 
rnaintainicig a  temperz ture  o f  120°C. Af t e r  one 
hoxr ,  seven bed volumes of d i s t i l l e d  water were 
pumped through t h e  carbon bed a l s o  a t  l ' L O 0 C .  

Gold e l u t i o n  o f  t he  loaded carbon sample from 
n i n e  D was accomplished in  t he  l a b  us ing the  
fo l lowing procedure based on p l an t  opera t  tons .  
The c a ~ b o n  was ac id  washed with cne bed volume of 
e i t h e r  3.5% V/V HNO3 o r  3X V/V H C l .  The carbon 
was than washed with one bed volume (B.V.) D . I .  
water followed by one B.V. ,  17; Na2C03 and one 
B.V. D.I. water .  The carbon was then dra ined.  
One B.V. o f  0.5% NaCN/lX NaOH s o l u t i o n  was 
appl ied  and t h e  carbon allowed t o  soak ove rn igh t  
a t  77'C. The carbon was then heated  t o  120eC and 
12 B.V. of ho t  (120°C) d i s t i l l e d  water was pumped 
through the  column. 

Regenerat ion  

A l l  thermal r egene ra t ions  were conducced us ing 
a  two-inch e x t e r n a l l y  heated  r o t a r y  tube furnace .  
In  o rde r  t o  s imu la t e  an expected p l an t  cond i t i on  
o f  50 percent mois ture  i n  t he  carbon p r i o r  t o  
r egene ra t ion ,  lOOg o f  oven d r i e d  m a t e r i a l  was 
placed in a  250 m l  j a r  and 50g o f  D . I .  water was 
added. The j a r  was then t i g h t l y  capped and the  
carbon allowed t o  e q u i l i b r a t e .  Addi t ional  wa te r ,  
when r equ i r ed ,  was added by pumping t h e  r equ i r ed  
volume of water through a  stearn super h e a t e r  
p r i o r  t o  e n t e r i n g  t h e  r o t a r y  furnace .  The pump 
race  was ad jus t ed  t o  g ive  the  a d d i t i o n a l  water  
required  over  t h e  course  o f  t h e  r egene ra t ion  
r e t e n t i o n  t i n e .  The lOOg charge of wetted carbon 
was placed in  a  nichrome 60 mesh basket  assembly 
which was then qu ick ly  introduced i n t o  t he  tube  
furnace  and t h e  end cap secu re ly  fas tened.  A f t e r  
t he  r equ i r ed  time, t h e  carbon and baskec assembly 
was removed, then cooled  in a  s ea l ed  coo l ing  
chamber. 

Acid Washing 

Acid washing cons i s t ed  o f  batch con tac t ing  the  
carbon with one B.V.  o f  ac id  f o r  one hour .  The 
carbon was then washed s e q u e n t i a l l y  wick two B.V. 
D . I .  water ,  one B .V .  1% Na2C03, and two B . V .  
D . I .  water .  

Quenching 

Lab quenching cons i s t ed  of pouring t h e  hot 
r egene ra t ed  product immediately a f  c e r  fu rnace  
d i scha rge  i n t o  1,000 m l  o f  D . 1 .  wacer conta ined 
in  a  3L meta l  beaker .  A po r t i on  of t he  quenched 
carbon was d r i ed  a t  120°C in a  n i t rogen  aas  
environment t o  e l i m i n a t e  any p o s s i b l e  chemi- 
sorpLion of cxygen. Another po r t i on  was d r i ed  a t  
120°C in  a  l a b  oven wi th  no attempt: t o  c o n t r o l  
t h e  environment. 
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Carbon Charac t e r i za t ion  

Samples of cerbon before  and a f t e r  p l an t  
regenera t ion  were obta ined from t h e  four  U.S. 
mines and one Canadian ope ra t ion .  These samples 
had been in  s e r v i c e  f o r  var ious  per iods  o f  time. 
Their  exact s e r v i c e  h i s t o r y  i s  not knorm. No 
regenera ted  samples were obta ined from the  South 
African ope ra t ion .  Table I i s  a  l i s t i n g  of some 
o f  t he  parameters used t o  c h a r a c t e r i z e  t h e  
carbons.  

Samples from U.S. mines l a b e l l e d  A&B a r e  low 
a c t i v i t y  coconut carbons and the  r e s t  of t h e  
samples can be des ignated  a s  high a c t i v i t y  
coconut carbons.  The low a c t i v i t y  coconut 
carbons used by Mines AhB have t h e  fo l lowing 
c h a r a c t e r i s t i c s .  CCl4 = 25-30; K-Value = 20-25 
and R-Value o f  .03-.05. The a c t i v i t y  cha rac t e r -  
i s t i c s  o f  t he  carbon used by Mines C-G a r e  CCl4 

60-65; K-Value = 30-35 and R-Value = .075-.085. 
Inspect ion  o f  t he  gold c a p a c i t y  parameters o f  
R-Value and K-Value f o r  a l l  carbons show t h a t  
v i r g i n  a c t i v i t y  l e v e l s  were not r e s t o r e d  by 
r egene ra t ion .  This could lead one t o  conclude 
t h a t  thermal r egene ra t ion ,  as  performed, a t  t he  
fou r  U.S. mines and the  Canadian o p e r a t i o n  does 
not f u l l y  r e s t o r e  gold a c t i v i t y .  

Thermal Gravimetr ic  Analyses 

Figures  1  and 2  a r e  t y p i c a l  o f  t he  TGA p l o t s  
obta ined us ing a  DuPont Model 1090 Thermal 
Analyser on spent  and regenera ted  carbons  with 
high ash con ten t s  (A, B & C). The p l o t s  show 
removal cE mois ture  a t  approximately 100°c,  a  
slow d e c l i n e  in  weight a t  a  s t eady  r a t e  t o  
approximately 500-60O0c, then an inc rease  in  
weight l o s s  r a t e  a t  a  tempera ture  >60OoC. 

In  an a t tempt  t o  s imu la t e  i no rgan ic  loading on 
carbon, t he  calcium ion, which i s  abundant i n  CIP 
and CIL p roces ses ,  was impregnated on a  sample o f  
regenera ted  Carbon D us ing Ca(OH)2 (1.2 W t  Ca).  
The carbon was then exposed t o  C02. The 
regenera ted  Carbon D d id  not  show t h e  weight l o s s  
i nc rease  a t  600-700°C. Figure  3 i s  t h e  TGA p lo t  
obta ined and shows an inc rease  in  weight l o s s  
r a t e  between 500 and 700°C. From t h i s ,  one may 
conclude t h a t  t he  observed change in  weight l o s s  
r a t e  a: 600-700°C i s  due t o  t h e  decompo- 
s i t i o n  of carbonates .  I c  i s  i n t e r e s t i n g  t o  no te  
t h a t  o p e r a t i o n s  D and E i nco rpo ra t e  a c i d  wash 
s t e p s  before  r egene ra t ion  ( e i t h e r  before  o r  a f t e r  
s t r i p p i n g ) ,  thereby reducing carbonate  con ten t .  
The TGA p l o t s  f o r  t hese  carbons d i d  not e x h i b i t  
t h i s  weight l o s s  change. TGA p l o t s  o f  carbons A,  
B and C a f t e r  l a b  ac id  washing showed a  s i g n i f i -  
can t  dec rease  i n  t h i s  weight l o s s  r a t e  a t  600- 
7OO0C. 

Determination of Optimal Regenerat  ion Condi t ions  
Using Carbons From South Afr ican Mine 

I n i t i a l l y ,  a  E a c t o r i a l  experiment was designed 
t o  determine t h e  eEfect  of furnace  r e t e n t i o n  
t ime, r egene ra t ion  tempera ture  and steam 
a d d i t  ion. P r i o r  t o  r egene ra t  ion,  t he  loaded 
carbon samples were l abo ra to ry  s t r i p p e d  and 

e l c t e d .  A f t e r  t he  HCl s t r i p  and e l u t i o n  with a  
N ~ ~ C O ~ / N ~ C N  s o l u t i o n  us ing the  previous ly  
descr ibed procedure,  ash was reduced s l i g h t l y  
with minor i nc reases  in CCl4 and Iodine  Number. 
Adsorption r a t e  ( R )  was s i g n i f i c a n t l y  Lover than 
v i r g i n  carbon. 

The f i r s t  four  experiments a r e  a  h a l f  
r e p l i c a t e  of :he z3 f a c t o r i a l  and Experiments 5  
and 6  were run t o  f u r t h e r  de f ine  the  most 
s i g n i f i c a n t  v n r i a b l e  determined by the  r e s u l t s  o f  
the  h a l f  r e p l i c a t e .  The tempera ture  ranges and 
t imes were s e l e c t e d  by surveying nine  mining 
ope ra t ions  in t h e  U.S., Canada and South Af r i ca .  
The lower water l e v e l  (0.5 l b / l b  C) i s  approxi-  
mately equ iva l en t  t o  water c a r r i e d  in to  the  
Eurnace by dra ined a c t i v a t e d  carbon. The second 
l e v e l  was obta ined by i n j e c t i n g  an amount of 
steam (0.5 l b  HpO/lb carbon) equ iva l en t  t o  t h a t  
on the  feed carbon so t h a t  t he  t o t a l  steam was 1  
l b  H20/1b carbon. 

The r e s u l t s  o f  experiments Eor F  and G carbons  
a r e  l i s t e d  in  Tab le s  3  and 4 ,  r e s p e c t i v e l y .  A l l  
t h e  K-Values a r e  comparable to  v i r g i n  Table  2 ,  
while R-Values va ry .  R-Value, which i s  an 
i n d i c a t i o n  o f  r a t e ,  i s  g e n e r a l l y  considered  to  be 
a  more important parameter compared t o  K-Value 
and a l s o  appears  t o  be a  b e t t e r  i n d i c a t i o n  of 
r egene ra t  ion. 

Ash d a t a  f o r  both carbons revealed  a  decrease  
in  ash content  compared t o  t he  ash content  of t he  
e l u t e d  samples. Th i s  i n d i c a t e s  t h a t  thermal 
r egene ra t ion  removed o r  decomposed ash c o n s t i t u -  
e n t s  in a d d i t i o n  t o  any o rgan ic  m a t e r i a l  adsorbed 
on the  carbon. Typ ica l ly ,  thermal r egene ra t ion  
o f  spen t  a c t i v a t e d  carbon i s  conducted t o  remove 
o rgan ic  adso rba t e s .  As shown by the  ash va lues  
i n  Tables  2  ( e l u t e d ) ,  3 and 4 ,  t h e  major 
reduct  ion ob ta ined  i s  i no rgan ic  decomposit ion.  
The ash r educ t ion  could be accounted f o r  by t h e  
decomposit ion o f  ca rbona te s ,  a s  shown by t h e  TGA 
ana lyses  i n  a d d i t i o n  t o  cyanides  and cyanates .  

An approach t o  e x a m i n i ~ g  the  t r u e  cond i t i on  o f  
t h e  carbons  i s  t o  d iscount  ash from v i r g i n ,  
e l u t e d  and regenera ted  carbons .  This was done i n  
c a l c u l a t i n g  an ash f r e e  apparent  d e n s i t y .  The 
va lues  a r e  l i s t e d  in Tables  3  and 4  under A.D. 
i n  b racke t s .  F  carbons  were r e s t o r e d  t o  near  
v i r g i n  r a t e  va lues  f o r  most of t he  exper iments .  
In  Experiment 1 ,  supplemental  steam a t  650°C 
re tu rned  both r a t e  and esh Eree A.D.  t o  v i r g i n  
l e v e l s  in nominal r e t e n t i o n  t ime. Doubling the  
time (Experiment 3 )  wi thout  added steam shows no 
f u r t h e r  b e n e f i t .  Without steam a t  650°C 
(Experiment 51,  recovery  o f  r a t e  and CCl4 was 
not  a s  complete.  Experiments 4  and 6  i n d i c a t e  
t h a t  a c t i v a t i o n  was caking p l ace  a s  a c t i v i t y  was 
inc reased ,  but a t  t he  expense of a t t a c k i n g  the  
base  carbon. Th i s  i s  confirmed by the  lower than 
v i r g i n  ash  f r e e  apparent  d e n s i t i e s .  These 
obse rva t ions  lead  t o  t h e  conclus ion t h a t  more 
c o n t r o l  over  r egene ra t ion  i s  poss ib l e  a t  lower 
tempera tures  wi th  add i t  i ona l  steam. Regenerat  ion 
o f  t h e  G samples (Table  4 )  shows a  somewhat 
s i m i l a r  p a t t e r n .  

At t h e  p re sen t  t ime,  t h e  h igh R-Value i c  
Experiment 1  i s  unexpla inable  s i n c e  the  ash f r e e  
A.D. i s  s t i l l  above v i r g i n  (0.490 g / c c ) .  

Complete r egene ra t ion  o f  both carbons ,  a s  
evidecced by R-Value, was achieved a t  650°C in 20 
minutes with 0.5g H20/1S C added steam. Times 
longer  t han  20 minutes were not a  major f a c t o r  a t  
hoth tempera tures  without added steam. A t  850°C 
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with added st?am, a c t i v a t i o n  of both-carbons  
occurred a s  evidenced by an inc rease  in  R-Value 
above v i r g i n  values  and a  decrease  in  base 
carbon. 

Addit i ona l  Regenerat ions 

Based on the  r e s u l t s  of t h e  f a c t o r i a l  
exper iments ,  two conditions were s e l e c t e d  t o  
perform l ab  r egene ra t ions  on samples A-E. 

The r e s u l t s  (Tables  5  t o  9 )  i n d i c a t e  t h a t  a l l  
l abo ra to ry  regenera ted  carbons had s i g n i f i c a n t l y  
h ighe r  adso rp t ion  r a t e s  wnen compared t o  p l an t  
regenera ted  samples. 

Two carbon samples each were obta ined from 
p l a n t s  A, B and C r e p r e s e n t i n g  the  k i l n  feed ( a s '  
r ece ived )  and k i l n  d i scha rge  ( p l a n t  r e g ) .  S ince  
t h e  p l a n t s  do not  use  any a c i d  washing in  t h e  
process ,  a  sample o f  k i l n  feed was l a b  a c i d  
washed with HC1 t o  determine e f f e c t s .  Tables  5 ,  
6  and 7 show t h a t  a c i d  washing reduced the  ash  
s l i g h t l y ,  increased t h e  CCl4 value ,  but gave no 
improvement i n  r a t e .  

The carbons from p l a n t s  A and B appear t o  
r e q u i r e  h ighe r  tempera ture  and longer  r e s idence  
t ime t o  achieve  t h e  expected va lues  of low 
a c t i v i t y  v i r g i n  coconut carbon. Unlike carbons F  
and G, i t  appears  t h a t  t h e s e  carbons a r e  
contaminated with o rgan ic  m a t e r i a l s  s ince  t h e r e  
i s  no s i g n i f i c a n t  dec rease  i n  ash accompanying 
the  improvement i n  R-Value. 

The d a t a  i n  Table  4  show t h a t  ac id  washing 
a lone  would r e s t o r e  601: o f  t he  o r i g i n a l  gold 
adso rp t ion  r a t e  t o  t he  carbon from mine C. Note 
t h a t  t he  R-Value f o r  p l an t  r egene ra t ion  i s  on ly  
40% o f  v i r g i n  carbon. Thermal r egene ra t ion  
f u r t h e r  r e s t c r e s  R-Value. This  is probably due 
t o  o rgan ic  removal. 

Analyses o f  samples from mine D show t h a t  t h e  
carbon o p e r a t i o n  a t  t h i s  mine is the  bes t  of a l l  
t h e  mines i n v e s t i g a t e d .  

Carbon samples of loaded, e l u t e d  and p l an t  
regenera ted  with and without water  quenching were 
r ece ived  from p lan t  D .  This  p l an t  inc ludes  an 
a c i d  wash s t e p  p r i o r  t o  gold e l u t i o n .  Laboratory 
e l u t i o n s  were conducted t o  e v a l u a t e  t h e  e f f e c t s ,  
i f  any, o f  a c i d  washing with HC1 v e r s u s  KN03. 
A s  shown i n  Table  8, no s i g n i f i c a n t  e f f e c t s  
be tkeen HC1 and HNO3 were obta ined.  Both a c i d s  
gave improvements in 12 and CClh va lues  t o  
near  r e a c t  va lues ,  but t he  gold a c t i v i t y  
parameters o f  K and R were approximate ly  50% o f  
r e a c t  v a l u e s ,  i n d i c a t i n g  thermal r egene ra t  ion i s  
necessary  t o  r e s to reugo ld  a c t i v i t y  parameters.  
In spec t ion  of t h e  r e s u l t s  on the  p l an t  s t r i p p e d  
l a b  r egene ra t ed  carbons f o r  both cond i t i on  
i n d i c a t e  t h a t  a  s l i g h t  a c t i v a t i o n  a t  t h e  base  
carbon may have occurred .  Th i s  i s  f u r t h e r  
sugges ted  by t h e  lower y i e l d s  obta ined under both  
cond i t i ons .  Ash reduct  ion was ev iden t  f o r  t h e  
s t r i p p e d  carbon r egene ra t ed  under both 
cond i t i ons .  Both t h e  l a b  quench and p l an t  quench 
r e s u l t s  i n d i c a t e  t h a t  water  quenching reduces 
a c t i v i t y .  Gork i s  con t inu ing  t o  determine the  
r e l a t i v e  e f f e c t  of a i r  coo l ing  ve r sus  water  
quenching . 

ope ra t ion .  Lab ac id  washing was done on t h e  
e l u t e d  sample t o  compare HCl co HNO3. The 
r e s u l t s ,  Table  9, i n d i c a t e  no d i s c e m a b l e  
d i f f e r e n c e  between HCl and HNO3, but does show 
some b e n e f i t  a f t e r  thermal regenera t  ion i n  - 
R-Value due t o  ac id  washing f o r  both the  l a b  a c i d  
washed and p l an t  ac id  washed carbon samples. It 
appears  t h a t  t h e  major contaminant f o r  Carbon E 
i s  organic  m a t e r i a l  s i n c e  l i t t l e ,  i f  any ash 
r educ t ion  occurs  wi th  t h e  s i g n i f i c a n t  improvement 
i n  K and R-Values. It a l s o  appears t h a t  the  
v i r g i n  A.D. o f  Carbon E i s  somewhat h ighe r  than 
t h e  o t h e r  carbons a s  evidenced by ash f r e e  
regenera ted  A.D. o f  .55-.56, compared t o  .SO-.52 
f o r  t he  o t h e r  high a c t i v i t y  coconut carbons .  
Resul ts  of t h e  quenching s tudy done on ac id  
washed carbon shows a  r educ t ion  in  K and R-Values 
f o r  the  l ab  regenera ted  samples. Note t h a t  t he  
l a b  quench va lues  a r e  b e t t e r  than t h e  p l an t  
quench values  f o r  gold c a p a c i t y  and r a t e  of 
removal. 

It i s  hypothesized t h a t  t h e  long-term use 
o f  HNO3 f o r  a c i d  washing t o  remove meta l  
p r e c i p i t a t e s  such a s  CaCO3 from carbon used i n  
t he  CIP process  can r e s u l t  in an ox ida t ion  of t h e  
carbon p a r t i c l e  over  an extended per iod.  E f f o r t s  
were made du r ing  these  s t u d i e s  t o  demonstrate 
t h i s  e f f e c t ,  but t h e r e  was i n s u f f i c i e n t  t ime f o r  
mu l t ip l e  c y c l i c  exposure.  

Previous  experiments a t  Caigon Carbon have 
shown t h a t  carbon bo i l ed  a  few minutes i n  a  10% 
HNO3 s o l u t i o n  conta ined 10% wt oxygen a f t e r  
d ry ing  a t  150°C. The oxygen can be s t r i p p e d  a t  
4 5 0 " ~  but on ly  CO + C02 a r e  de t ec t ed  in  t h e  o f f  
gases .  From t h i s ,  it may be concluded t h a t  
r epea t ed  con tac t  with HNO3 wi thout  adequate 
r i n s i n g  w i l l  r e s u l t  i n  a  l o s s  of carbon t o  t h e  
ex t en t  t h a t  t he  phys i ca l  i n t e g r i t y  of t he  
p a r t i c l e  w i l l  be impaired r e s u l t i n g  i n  exces s ive  
l o s s e s .  Work is cont inuing in  t h i s  a r ea .  

Conclusions 

Thermal r egene ra t ion  of gold recovery  carbons 
i s  necessary  t o  r e s t o r e  gold capac i ty  as  measured 
by K and R-Values. 

Thermal r egene ra t ion  can r e s u l t  in a  reduct ion 
o f  ash c o n s t i t u e n t s  in a d d i t i o n  to  the  removal o f  
adsorbed o rgan ic  m a t e r i a l s .  

The a p p l i c a t i o n  of supplemental  steam w i l l  
a l l ow a  p l an t  t o  o p e r a t e  t h e i r  k i l n  a t  a  lower 
tempera ture  and s h o r t e r  r e s idence  t  ime t o  achieve  
v i r g i n  a c t i v i t y  l e v e l s  i f  inorganics  a r e  t h e  main 
contaminant.  

Acid washing w i l l  reduce ino rgan ic  ash on the  
carbon and can r e s t o r e  I 2  and CCl4 v a l u e s  t o  
near  v i r g i n  carbon a c t i v i t y  l e v e l s ,  but does not  
r e s t o r e  t h e  gold a c t i v i t y  parameters of K and 
R-Values t o  t h i s  l e v e l .  

High tempera ture  and long r e s idence  t ime with 
supplemental  steam, can r e s u l t  i n  a  l o s s  of base  
carbon due t o  a c t i v a t i o n .  
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A B C D F G E .-- 
P l a t  Deskation Before Aker &fore g t e r  &fore Afcer Before a e r  &£ore After &£ore Before 

A.D. . nl .7zz .503 .756 .GI .575 .52s .532 .60 - - 

A, B, C & D = U.S. H h  A h B are lw activity coconut carbons. 

E = Caned& M i n e  C, D, E, F & G are high ~ t i v i t y  axmu cartons. 

Table 2. Cartun k a c t e r i s t i f s  

- 
Virgin Eluted Virgin Eluted 

A.D. 0.498 0.539 0.499 0.561 
(0.487)* (0.499) (0.490)* (0.493) 

Ash 2.2 7.4 1.9 12.2 

CC4 b. 62.1 7 68.9 48.8 

R-VaLw 0.082 0 . m  0.080 0.015 

K-Value, ug/g 20.8 (15 32.4 a5 

*Ml Free 

- - 

Table 3. Carbon F Regeneration Results  

Experiment Time Temp. S t e a m  Yie ld  A . D .  Ash CC14 Race Capacity 
Number ( m i n . )  'C lb H70/lb C 3 g /cc  Z-Wt No. R -- - K 

1 20 650 1 .O 91.7 0.511 (0.489)" 4.3 57.5 0.082 34 

2 20 850 0.5 90.2 0.529 (0.502)* 5.1 55.2 0.080 34 

3 40 650 0.5 94.4 0.526 (0.504)* 4.1 53.1 0.077 34 

4 10 850 1.0 90.7 0.521 (0.472)* 6.3 61.3 0.092 32 

5 20 650 0.5 90.7 0.512 (O.487)* 4.9 52.3 0.075 3 2  

6 20 850 1.0 81.0 0.499 (0,478)* 4.2 64,6 0.086 3 7 

*Ask Free 
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Table 4. Carbon i; Regeneration Resu l t s  

Experiment Time Temp. Steam Yield A.D.  Ash CCL4 Rate Capaci ty  
Number (min.) 'C Ib H70/lb C ~ / C C  %-Wt No. R -- - K 

*Ash Free 

Table 5. Carbon-A Regeneration Resu l t s  

Lab 
A s  Reg. Reg. Lab A.W. Reg. P l a n t  

Received Cond. 1 Cond. 2 Cond. 2 Reg. 

A.D. .668 .651 .66 .655 .658 .70 
(. 634) (.619) (.625) ( .63) (.657) 

12 No. , mg/g 745 84 5 796 - 80 3 759 
cc14 - x ~t 20 33.6 31 28.5 31.5 2 1 
Ash - X 5.1 4.9 5.3 - 4 . 2  6.1 
Yie ld  - W t  X - 96.1 96.1 - 92.5 - 

( ) Ash Free A.D.  

Cond. 1 = 700'C - 40 Minutes - 0.5 l b  H20/lb Carbon 
Cond. 2 600°C - 20 Minutes - 1.0 Ib  H20/lb Carbon 

Table 6. Carbon-B Regenerat ion Resu l t s  

Lab 
As Reg. Reg. Lab A.W. Reg. P l a n t  

Received Cond. 1 Cond. 2 A.W. Cond. 1 Reg. 

A . D .  .711 .684 .684 .698 .681 .?I9  
( ,632) ( .615) (.618) ( .62)  ( .644) 

12 No., mg/g 598 710 704 - 74 7 653 
C C I ~  - x wt 2.5 27.5 28.1 26.7 31 18.5 
Ash - X 11.1 10.1 9.6 - 9.0 10.b 
Yield - Wt X - 95.2 92.1 - 94.5 - 

( ) Ash Free A.D. 

Cond. 1 7 0 0 ~ ~  - 40 Ninures  - 0.5 Lb H20/1b Carbon 
Cond. 2 = 600°C - 20 Minutes - 1.0 l b  H20/1b Carbon 
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Table  7. Carbon-C Regenerat ion Resu l t s  

Lab 
As Reg. Reg. Lab A.W. Reg. P lanc  

Received Cocd. 1 Cond. 2 A.W. Cond. 2 Reg. 

A.D. .63 .534 .534 .544 .527 .575 
(.58) (.49) (.491) ( .So l )  (. 537) 

1 2  No., mg/g 964 1139 11 12 - 1150 996 
C C I ~  - % ~t 31.9 60.1 58 56 60.4 54.3 
Ash - X 7.9 8 .3  8.0 - 5.0 6.6 
Yie ld  - Wt Z - 95.4 95.5 - 94.8 - 
R .083 .069 .048 .073 .034 
K, mg/g (15 27.9 21.7 22.8 <15 - 
( Ash Free A.D. 

Cond. 1 = 700'C - 40 Minutes - 0.5 l b  H20/lb Carbon 
Cond. 2 = 600°C - 20 Minutes - 1.0 I b  H20/1b Carbon 

Table 8. Carbon4 Regeneration Results 

Eluted M e d  Plmc Reg. 
Lab s t r ip  Lab Strip 

Reg. 3.5 I Q q  3% Iicl 
As Reg. Reg. Cond. 1 As Reg- Reg- No 

Received Cmd. 1 Cond. 2 Quench Received Before Cod. 1 Before Cond. 1 Quench Quench ----------- 
A.D. .528 .515 .%9 .512 .5% .5% .524 .536 .525 .532 518 

( .51) (.SO21 (.4%) (.M2) (-537) (.528) (.517) (.529) (.518) ( .51) C.506) 

I g k . , u g / g  1060 1245 I219 11% 1018 1180 1128 1095 1245 1065 113 
CC4-XWr. 55 59.7 63.4 55.4 48.1 52.1 55.5 51.8 60.4 57 58.4 
Ash-% 3.4 2.6 2.5 2.0 3.4 1.1 1.4 1.3 1.3 4.1 2.2 
Yield - Wt % - 89.4 93.1 - - - 95.9 - 95.1 - - 

R .035 .1W .lo9 .087 .029 .W7 .097 . a 5  .G98 .W3 .065 
K, d g  20.5 28.3 34.4 29.5 21 19.1 39.5 20.7 37.7 21.6 31.3 

( )Ash kee AD. 

M. 1 7C04C - 40 Minutes - 0.5 lb  H20/1b Carton 
Cond. 2 a 600°C - 20 Minutes - 1.0 lb  H$/lb Cartun 
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Table 9. Carton-E Regenarath Results 

Plane 
Eluted Acid Washed -!%EL 

Reg. 
As kg. kg. Reg.B As Reg. Reg. 1 

Received C a d .  1 Cond. 2 C o d .  1 Cond. 1 Received Cond. 1 Coral. 2 Quench -------  
A.D. .63 .593 .589 ,582 .575 .60 ,576 .%5 .568 .571 

(39) ( .56) (357) ( 3 2 )  (.557) C.586) C.558) (.552) (.558) (-5%) 

( ) Ash Free A.D. 

A a Lab Acid Wash with 3% HCl C d .  1 = 700°C - 40 Minutes - 0.5 l b  H20/1b Carbon 
B a Lab k i d  Wash with 5% % Cord. 2 = W'C - 20Hinutes - 1.0 l b  H20/lb C d n  

T G A  

F l G U R E  1 - TYPlCAL TCA C l l H V E  FOR C A R l l O N S  A ,  B & C IIEFORI: REGENEKA'TION 



T G A  

F I G U R E  2 - 'TYPICAL TCA CURVE FOR CARDONS A ,  D & C AFTER REGCNF.RATII)N 

T G A  

FIGURE 3 - C,\KDON D IF.it'l<E(:NA'PED Y1711 1% C a C 0 3  




