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ABSTRACT. A study on the adsorption capacity and kinetics of gold from aqueous
solutions onto activated carbons prepared from some agrowastes and bituminous coal has
been made. The carbons were characterised by nitrogen physisorption and their mineral
impurities evaluated. The carbons obtained were mostly microporous with BET surface area
ranging from 200 to 1000 m’g". They also contained some inorganic materials. The gold
adsorption capacity on the carbons was affected by the type of carbon, percentage carbon
burn-off (%CBO), pretreatment, temperature and ionic composition of the adsorption
‘medium. All source materials, except rice husks, produced carbons with good adsorption
capacity. The adsorption was fast in the first hour and decreased gradually as equilibrium
was approached. The adsorption data was best described by an equation proposed by
Laidera et al.

INTRODUCTION

Activated carbon has been used successfully in the removal of gold from cyanide solution [1].
Adsorption of gold on activated carbon is an old method, but it was introduced in large scale
operations in the beginning of 1970s. Since then a lot of studies have been conducted in order
to establish the actual physico-chemical properties of the adsorption process [1-3]. The method
has proven to be superior than the traditional process of gold recovery through cementation
with zinc powder. Development of efficient elution methods, possibility of carbon regeneration,
little loss of soluble goid, and less effect of impurities on the process, are some of the
advantages of this process. It also has lower operational and capital costs 41.

Activated carbons can be prepared from a variety of carbonaceous materials. However, the
surface chemical and adsorptive properties of a given carbon depend on the starting material,
the composition of the activation atmosphere, and the time and temperature of activation [5].
In the gold adsorption process, optimum performance requires the activated carbon to have
important characteristics, such as high rate of gold extraction, high gold loading capacity aad
resistance to abrasion [6]. -

Activated carbons have been prepared and characterised from some Tanzanian agricultral
wastes [7]. The behaviour of such carbons in adsorption from the solution phase was, however,
not studied. The nature of the surface (type of oxide and imperfections) of activated carbons,
for which numerous mechanisms of gold adsorption have been proposed, is mot well
understood. So it is the authors conviction that a search for the most well-suited carbon for the
recovery of gold must be continued. '
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solutions of pH 10.0 containing 0.00308 M KCN. The initial concentrations of gold were
varied between 5 and 50 mg of gold per litre, each point of the isotherm representing a
different initial concentration. Generally, the adsorption curves were characterized by an initial
rapid rise in adsorption at low equilibrium gold concentration regardless of the %CBO. This
was followed by a gradual rise and then flattening of the curve at higher equilibrium
concentration. The figure also shows that gold loading on the activated carbons increase with
%CBO, a trend observed for all CO, activated carbons. However, for higher %CBO (over
75%), loading dropped drastically as exemplified by 76%CNS carbon in Figure 2. RH based
carbons on the other hand, show very low adsorption capacities when compared to the other
carbons. Their capacities did not differ significantly among themselves.
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Figure 2. Equilibrium adsorption isotherms for gold cyanide on CNS carbons (volume of solution = 100
mL, mass of carbon = 0.04 g, contact time = 24 h, temperature = 303 K).

- The increase in the gold adsorption on the activated carbons with increase in %CBO may
‘be explained to be due to the following interrelated factors:

(@) The formation of more micropores and hence an increase in surface area.

As argued earlier, increase in % CBO causes an increase in micropores. The increase may also
be associated with an increase in adsorption sites. However, quantitative comparisons are
difficult to arrive at since surface ‘areas and micropore volumes include regions which are
accessible to N, [3] but not to the large aurocyanide ions. For instance, the surface area of 65%
CONS carbon is greater than that of 65% BCO by 216 m’g’'. However, their adsorption
capacities differ only by 1.5 mg gold per g carbon, that of 65% BCO being higher. This may
imply that there are more regions in the surface area of 65% CONS which are not accessible
to the large aurocyanide ions. The drastic drop in adsorption capacity at about 75% carbon
burn-off, on the other hand, may be explained by the collapse of the lamtice structure of the
carbon and hence loss of porosity.

(b) The maintenance of good pore structure to facilitate access of the aurocyanide ion to the
adsorption sites.

Itis well known that pore structure has marked influence on the accessibility of the adsorbate
ions on the adsorption sites. Hence, increase in adsorption capacity with %CBO may imply that
the pores created as a result of increase in %CBO do not block diffusion of the aurocyanide
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