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OZET

Bu calismada Au (CN)7 kompleksinin sogurulmasi i¢in aktif karbon
kullanilmustir.

Alli ayn aktif karbon numunesi kullanilarak bunlarin sogurma
performanslari tespit edilmis, sogurma kapasitesi ve kinetigi her nu-
munenin fiziksel ve kimyasal ozellikleriyle karsilastirilmistir.

ABSTRACT

This work presents a study of characterization of activated carbons
for the adsorption of Au (CN" complex.

A comparative study of six samples of activated carbons, three
Brazilian and three produced out of Brazil was made in order to determine
their qualification for a performance in adsorption circuits in the extractive
metallurgy of gold. The adsorptive capacity and the kinetics of adsorption
were compared to the physical and chemical properties of each one. The
influence of poluant ions on the kinetics and loading capacity of
aurocyanide anion was also determined.
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1. | NTRCDUCTI ON

Anong the nost inportant application of activated carbon,
the extractive metallurgy of gold in the stage of
aur ocyani de conpl ex Au( GN),~ adsorption can be nentioned.
The surface area, that depends on the dianeter of the pore,
is the nost inportant property of the activated carbon.

The activated carbon has been used for a long tine in the
recovery  of gold through cyanide solutions from
i xiviation, but the nechanism with which the carbon
adsorbs gold is still wundetermned and there are nmany
theories and different opinions about it (QJSPE and
SAMPAI O 1992). The goal of this work was to characterize
3 brazilian carbons and three foreign ones, aimng their
utilization in adsorption circuits in the extractive
metal lurgy of gold and to nunber the individual ejects on

the loading capacity of gold brought about by t -I nost
common ionic poluants which belong to cyanide lixi /. Mon
i ndustri al sol uti ons, such as silver, copper, i ron,
t hi ocyanate, cyanide, etc. The ionic interation was
considered a significative factor in the kinetics of g*d
adsor pti on. After testing 6 sanples of activated carboa
one of them was chosen to measure: the effects of

pol uants, the effects of stabilizing cations (Ca®, Na',
and K) , pH, tenperature and velocity of agitation on the
ki netics and | oading capacity.

2. EXPER MENTAL PROCEDURE
2.1 Materials
2.1.1 Sanples of Activated Carbon

The 6 sanples of activated carbon were identified by the
letters fromAto F, being A B and C foreign carbons and
Db E and F brazilian ones. The granulonetric fractions
provi ded by manufacturers in ASTM mesh were: A B and E

428



8 x 16 (2,36 x 1,18 mm; C 6 x 12 (3,35 x 1,70 mm); D and
F 6 x 16 (3,35 x 1,18 nm).

2.1.2 Reagents

Al the reagents utilized in order to prepare solutions
were of analytical grade, deionized water was used and as
pH nodifiers HO and NaCH 0.1 N were used as wel | .

2.2 Met hodol ogy

The activated carbons utilized in the tests were
honmogeni zed and quartered until aliquotes of 20 g were
obt ai ned. For noisture analysis, proximate analysis and
pH, these aliquotes of 20 g were ground to 100% -50 mesh
(ASTM 1991) . For lodine Nunber and Loading Capacity the
carbons were ground to 100% -325 nesh (ASTM  1991; CALQCN,
1983). In the remaining tests the carbons were used in the
size they were provided by the manufacturers. In order to
determine the resistance of the carbons to abrasion the
method of the "Conpanhia Vale do R o Doce" (CVRD) was
appl i ed. According to this method the loss caused by
abrasion should be less than 2% The degree of gold
adsorption occurring at equilibrium was neasured using of
the enpirical Freunlich Isotherm (GHEREM SINCFF P. N , et
al, 1980). For all the tests of kinetics of adsorption 1
g of dry sanple of granular activated carbon was m xed
during 8 hours with 1700 mM of a solution with 5nmg/l of
gold in a batch reactor with baffles. The agitation was
adjusted to 900 rpm After 2, 4, 6 and 8 hours, aliquotes
of 10 mM were taken and the anount of gold was anal ysed by
atom c absorption. The ionic effect on the aurocyanide
adsorption caused by the mpbst common poluants ions from
industrial solutions of gold cyanidation was neasured. The
vari abl es which were nantai ned constant for each test were:
volume of the solution, weight of the activated carbon,
tenperature and agitation. The ionic solutions were
prepared w th deionized water. The used solution of gold
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was a buffer of borate in pH 10, wth different initial
concentrations of gold.

3. RESULTS AMD DI SQUSSI ONS

3.1 Physical Properties and Chemcal Characteristics

Table I. Physical properties and chem cal characteristics
of adsorption of the activated carbons (¥

Activated FC VM ASH MOST. AP. DENS. HARDNESS ABRASION |CDINE No. pH VALUE
Carbon % % X X glcc X X ng 12/g AC suspension filtrate
A 92,49 579 1,72 4,02 0, 50 91,70 2,43 1110 9,50 9,00
B 90,40 6,34 3,26 2,83 0, 50 98, 00 1,88 1200 9, 60 9,30
C 91,88 6,36 1,76 3,65 0,47 98, 00 1,60 1230 9,50 9,10
D 82,99 10,55 6,46 4,29 0,50 98, 00 2,65 850 9,00 8,40
E 86,48 7,86 5,66 855 0,50 95, 00 3,80 1000 6, 50 6,40
F 88,21 9,64 2,15 6,74 0,45 97,00 2,82 831 9,30 8,90

(*) the proximate anal ysis was carried out on dry basis.

3.2 Loading Capacity

Table Il. Values of the Isothermof the Activated Carbon A

G ans of Carbon Cone, of gold ng Adsorbed Carbon

ineguilib. (O Loadi ng
pH (M ng/ 1 g (X) XI'M
10 Sol uc. cabeca 100, 00 10, 000
0, 4000 0, 90 0, 090 9,910 24,78
0, 3000 3, 62 0, 362 9, 638 32,13
0, 2000 14, 20 1, 420 8, 580 42, 90
0, 1003 45, 00 4,500 5, 500 54, 8

The isotherns of the other activated carbons are figured
out in the same way. Table |11 shows the coordinates of the
experinmental and calculated isotherns, fitted by the |east-
squares nethod. The fitted isotherns are presented in Fig.
1 and table IV presents the results of |oading capacity.
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Tabela I1l. Isotherm Coordinates Plotted in Fig. 1

Activated [Au]eq. mg Au ads./g a. c. R Standard error
Carbon C XM exp. XM calc. Squared est. de XM

A 0,90 24,78 24,60

3,62 32,13 32,49

14,20 42,90 42,70

45,00 54,84 53,78 0,999 0,006
B 1,40 24,65 24,27

4,52 31,83 32,15

16,00 42,00 43,55

43,00 56,38 55,21 0,995 0,014
C 2,30 24,43 24,52

7,00 31,00 31,33

23,50 38,25 40,89

51,00 49,00 48,49 0,987 0,018
D 3,20 24,20 24,87

11,20 29,60 29,27

29,00 35,50 33,12

65,50 34,50 36,82 0,893 0,031
E 9,00 22,75 24,06

16,20 27,93 26,90

34,50 32,75 31,06

67,00 33,00 35,23 0,876 0,033
F 9,50 22,63 22,71

21,00 26,33 25,99

37,50 31,25 28,68

69,00 31,00 31,81 0,901 0,026

Table I'V. Results of the Loadi ng Capacity

Acti vat ed K- val ue Un Maxi mum Capaci ty
Car bon of the Adsorbent
KgAu/ t (XI'M co
A 25 0, 20 63
B 22 0,24 68
C 20 0, 22 56
D 21 0,13 39
E 16 0,19 38
F 15 0, 17 34




3.3 Kinetics of Adsorption

It has been showed in tests of batch adsorption that the
rate in which the gold gets out of the solution can be
described as a first order process for short periods of
time, less than 12 hours, (NQOXL et al, 1984; FLEM NG et
al, 1984).

The kinetics nodel is described by:
dc./dt = kCg [1]

In which: G and G are the respective concentrations of
gold in the carbon and in the solution, at tine t in ng/kg
and K is the kinetics constant of first order. From [1]
and fromthe mass bal ance equation at any tine in the batch
reactor we have:

In ¢ /cg = M /M, kt [2]

inwhich C°g is the concentration of gold in the solution
at tinme O in ng/kg. Al the kinetics tests were anal ysed
through the equation [2]. Table V presents a conparison of
the results of |oading capacity and kinetics. Fig. 2 shows
the kinetics results of the tested carbons.

"able V. Conparison of the Re-.ults of Loading and Kinetics

Carvao Ativado Ce. dAnttica K-val ue n
h-1 kgAu/ t
A 590 25 0.20
B 828 22 0.24
C 776 20 0.22
D 200 21 0.13
E 147 16 0.19
F 212 15 0.17
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4. EFFECT OF THE PCLUANT | ONS

Metalic copper and silver were individually dissolved in
cyanide of potassiumuntil solutions with different initial
concentrations of cyanide, copper and silver were obtained.
Then a buffer solution, pH 10, with initial concentration
of 10 ng Au/1 was added. Fig. 3 shows that gol d adsorption
is extremely dimnished in 200 ppmof Cu, whereas there is
alnmost no reduction in gold adsorption in solutions wth
100 ppm of copper. It can be concluded, as it was shown by
FLEM NG and NNCOL, that in low ratios of free cyanide and
copper, the Cu(CN),~ conpl ex is adsorbed by carbon, whereas
in high ratios the Cu(CN)3* and Cu(CN),* conplexes are
formed and the adsorption on carbon is not significative.
Fig. 4 presents the results, where the adverse effect of
silver in gold adsorption is shown. It can be also noticed
that a silver/gold ratio of 2:1 has a pronounced effect on
decreasi ng gol d adsorpti on.

The individual dissolution of ferrocyanide of potassium and
t hi ocyanate of potassium in deionized water produced iron
and thiocyanate poluant solutions. FromFig. 5 it can be
concluded that the iron poluant does not practically
present any noticeable effects on gold loading for the
established levels; the curves are simlar. Fig. 6
presents the results and shows that the SCN~ is not as
hazardous as the copper and silver poluants, although sone
decrease in the |oading happened. Fig. 7 shows that the
hi gh concentration of cyanide inhibits the adsorption and
in Fig. 8 it can be seen that the addition of 0,067 M of
calcium ions has great influence on the kinetics of gold
adsorption, if it is conpared to the presence of three-
ti me- hi gher concentrations of sodium and potassium ions,
which do not inprove the |oading. The solution wthout
ions has a slower kinetics, what leads to the concl usion
that these cations, especially the calcium nake the
complex Ca[Au(CN),]2 stable (formation of pair ion)
pronoting the kinetics and the loading. Fig. 6 shows that
the adsorption capacity dinmnishes with the pH increase,
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despite the presence of 200 ppm de Na added as sodium
cl ori de. The decrease of the k-value can be inferred to
the conpetition between the OH' and the Au(CN),~ in the
adsorption on the carbon surface area.

The | oading capacity at 30, 40 and 60 °C was neasured. The
results are shown in Fg. 10, where the adsorption's
tendence of increasing with the decrease of the tenperature
in a linear variation can be observed, proving that the
adsorption is an exotermc reaction. Fig. 11 clearly
presents that the kinetics constant increases notoriously
with the increase of the agitation for diluted solutions.
The same does not occur for high gold concentrations.

5. CONCLUSI ONS

The characterization of the <carbons showed that the
brazilian ones present ninor indices than the inported
carbons, therefore, their use get conpromsed for CP and
G L adsorption circuits. However they could be used in AC
circuits.

Considering the typical conditions of the industry such as
dilute sol uti ons and al kal i ne envi ronnent s, t he
significative presence of copper and/or silver in the
cyani de solutions from gold ores have renarkabl e influence
on the rate of adsorption and in the final extraction of
gold. The remnaini ng poluants have m nor effect.

The effect of the pH, free cyanide and tenperature are the
nost inportant variables which affect gold adsorption and
| oadi ng.
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Fig. 1: Isotherms of Aurocyanide
Adsorption on Activated Carbon
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Fig. 3: Effect of Copper on
Aurocyanide Adsorption
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Fig. 2: Kinetics of Adsorption

Fig. 4: Effect of Silver on
Aurocyanide Adsorption
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Fig. 5: Effect of Iron on
Aurocyanide Adsorption
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Fig. 7: Effect of Cyanide on
Aurocyanide Adsorption

om in the sol. (mg/N)

0 1 2 a 4 5
time of adsorption (h)

—— 2400 ppm GN 1000 ppm N ¥ sxant of CR

‘Au in the sot {mg/0

“Aulnlhooot(m/l)

Fig. 6: Effect of Thiocyanate on
Aurocyanide Adsorption
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Fig. 9: Effect of pH on Gold Adsorption Fig. 10: Effect of Temperature
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Fig. 11: Effect of stirring on the
Kinetics of Adsorption
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