

































































































































































Chapter 1 - Literature Review

patent holders have demonstrated that capital and operating costs are much lower than the
pressure oxidation and roasting routes. According to Gold Fields, the approach is a technical and

€COonomic success.

The biggest challenge to the industry arises from the intense exploitation of gold deposits in the
past and the near exhaustion of many ores close to the surface, namely the development of better
recovery techniques. Gold-bearing metal scrap is being returned to refiners for recovery (West,
1975). Alarge number of old abandoned gold mines scattered throughout the world, whose gold
extraction processes were primitive compared to today’s extraction processes, contain small
quantities of gold remaining in their tailing dams and are now similarly being recycled
(Woodhouse, 1986). Therefore, the development of a simple yet efficient method for removal of
gold from dilute solutions is necessary. This has led to the present biosorption study using Azolla
filiculoides.

1.6.2. Chemical Properties

In order to understand the mechanism of gold binding or adsorption involved in the biosorption
studies it is necessary to understand the chemistry of this noble metal. Gold has an atomic number
of 79 and molecular weight of 196.97. 1t occurs naturally as a single isotope. It has a melting
point of 1063°C. Besides being malleable (1 gram being able to be flattened to cover 1 meter
square) it is resistant to chemical attack, is ductile, has high electrical and thermal conductivities
well as a high reflectivity. All these properties are related to the d'°s’ electronic configuration
(Greenwood and Earnshaw, 1989; West, 1975). 1t is also the most electronegative of all metals.
The colour of gold is yellow but it may be also obtained in red, blue and violet colloidal forms by
the addition of various reducing agents to dilute aqueous solutions of H[AuCl,). A remarkably
stable example is the “Purple of Cassius” (the violet form), which is used as a test for gold(I1T)

as well as a stain for glass and ceramics (Greenwood and Earnshaw, 1989).

The most stable state of gold is the +3 oxidation state which may be obtained by dissolving the

metal in aqua regia (concentrated hydrochloric acid: nitric acid {3:1}). In general, the dissolution
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Chapter 4 - Desorption Studies

oxidation state of gold(IIT) to gold(I) or (0). With covalent binding the adsorption process is pH-
independent and thus unaffected by ionic and electrostatic interactions in the surrounding medium.

Since the binding to the biomass is covalent, a strong elutant is necessary.
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Figure 4.5: Typical adsorption and pH profile
obtained when gold(I1l) is removed from solution
by Azolla filiculpides. The parameters utilised
were: initial gold(IIl) concentration of 5 mg/L,
biomass concentration of 5 g/L, pH 2, flow-rate of
5 mL/min and room temperature.

4.3.1.2.1. 0.1 M Nitric acid (HNO,)

Concentrated solutions of nitric acid are strongly oxidising and is able to solubilise most metals
except for gold and platinum. Thus a more aggressive agent is generally necessary to solubilise
these two metals (Greenwood and Earnshaw, 1989). Results obtained from this study demonstrate
that nitric acid on its own as an eluant does not desorb any gold. Although a strong oxidising
agent, the dissolution of gold generally requires a complexing ligand, such as free chlorine
(Greenwood and Earnshaw, 1989), which is not present in the above desorbent. The failure of the
acid to elute the gold suggests that adsorbed gold is not principally an acid-soluble complex such

as gold(Il) oxide (Kuyucak and Volesky, 1989a).
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Chapter 5 - Mixed Metal Studies

Utilising the biomass in successive adsorption and desorption cycles were carried out in two
experiments. The first involved 5 adsorption cycles with only rinsing of the biomass with water
in between cycles. Acid desorption of lead(I1) and copper(Il) was carried out only once the final
fifth adsorption cycle had occurred. Gold was recovered by ashing the plant material. For lead(1I)
100% removal from solution occurred for the first 2 cycles, while copper(Il) removal was 100%
for the first cycle with both metals gradually decreasing to 58% and 48% respectively at the final
cycle. Gold(11T) demonstrated greater than 93% adsorption for all five adsorption cycles. The total
recovery of lead(II) and copper(Il) from the biomass was found to be 93% and 83% respectively.
Gold recovery was 94% by ashing. Ashing of the plant material was found to be the most
economical with the added benefit of low disposal volumes. The second part of the study involved
5 adsorption and desorption cycles with adsorption followed by acid desorption (0.3 M HNO;)
and rinsing of the biomass with water at each stage. Gold was recovered once the final adsorption
and desorption cycles were complete. Lead(IT) exhibited > 95% removal from solution for all five
cycles, while copper(Il) removal was not less than 80%, and gold(IIT) 95% from solution. The
final total recovery after desorption was 92% for lead(Il), 96% for copper(Il), and 97% for
gold(II) (the latter by ashing).

Both waste water studies were undertaken in batch and column conditions to determine which
would be the most feasible. In the batch studies no adsorption occurred for copper and iron.
Nickel removal was 46%, while 100% of gold was adsorbed. Cyanide and sulphate levels
decreased greater than14% each. In the column studies no iron was removed, while 17% and 46%
of copper and nickel was removed respectively. Sulphate levels decreased by 18%. For both the
batch and column studies a decrease in pH accompanied the adsorption of metals by the biomass

suggesting that an ion-exchange process may be involved.

Although extensive studies have been conducted on the effect of various anions on gold removal
(Chapters 2 and 3), the application of these studies is difficult since the effluent concentrations
of the various metals and anions vary daily. The biomass is able to selectively adsorbed the metal

of interest, gold, from the effluent with relative ease in batch systems. Although it has been
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