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ABSTRACT

Refractory gold deposits are of increasing interest to the mining industry in Australia and
overseas. Nitric acid technology for the pre-oxidation of sulfides in such refractory deposits
has shown kinetic advantages. Developers of the "Redox" nitric acid process have cited cost
advantages to the low temperature process variant, but have also encountered difficulties
from elemental sulfur formed during the process. The focus of the present work is to
investigate the fundamental kinetics of the pyrite-nitric acid system. Particular attention is

paid to the formation and oxidation of elemental sulfur.

Predictive work was undertaken using linear potential-sweep voltammetry. It was shown
that the proportion of elemental sulfur formed in 0.22 M nitric acid is independent of
temperature but decreases with increasing Eh. Leach tests confirmed the temperature
independence. Leach tests were unable to confirm that elemental sulfur would be eliminated
at Eh - 1.4 volts SHE. This inability was due to limits of Eh imposed by the nitric acid
system itself and also due to difficulties in measuring Eh of hot strongly acidic solutions.
Predicted pyrite oxidation rates of 91 x 108 g cm2sec-! at 1.20 volts were confirmed by

leach tests rates at similar conditions.

Leach tests of pyrite in nitric acid enabled quantification and analysis of seventeen variables
and observed phenomena. The data fit a first-order model well, particularly once observed
lag period effects were deleted. Lag periods effects were the main differences between
pyrites from different sources. These effects are thought to be predominantly caused by
rapidly-forming surface layers on pyrite. First-order rate constants from 0.003 min-! to 1.10
min-1 wéré found. However, most tests were in the range considered to be industrially
realistic, giving rate constants around 0.1 min-!. The proportion of elemental sulfur which
forms from pyrite is higher than expected from the literature, being about twenty percent
under conditions typical of the majority of the tests (2.6 M HNO3). Once formed, this
elemental sulfur oxidises slowly compared to the pyrite, with a typical first-order rate
constant being 0.007 min-!. Further, the elemental sulfur oxidation rate is an order of
magnitude less sensitive to the test variables than the pyrite oxidation rate.
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The variation in the oxidation rates of both pyrite and elemental sulfur with experimental
conditions accounts for apparently conflicting reports, for both pyrite oxidation rates and
elemental sulfur found, in the literature. The present study evaluates more variables than any
study found in the literature for pyrite oxidation. The use of nitric acid and elemental sulfur

focus goes beyond anything reported.

The independent variables tested proved unable to eliminate elemental sulfur formation,
although there is scope for further investigation of silver ion addition, or higher Eh systems.
Once formed, elemental sulfur, if it is to be oxidised completely, dictates reaction retention
time for the low-temperature "Redox" variant. If less than three percent of elemental sulfur
were to be required from a high-sulfide feed, elemental sulfur would dictate unrealistic
retention times. This confirms developers' expedient preference for the more expensive high

temperature process variant.

Pre-oxidation and cyanidation tests on four refractory gold-bearing materials confirmed the
technical capabilities of nitric acid leaching. Gold recoveries were improved from 48-68% to
an average of 93%. Reductions of around 2 kg of cyanide and base per tonne of ore were

also shown for most materials.
Remaining unrecovered gold could be partially due to elemental sulfur remaining after the

pre-oxidation step. This, and other avenues for further investigations, are enumerated in the

thesis.
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