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ABSTRACT

The investigation reported in this thesis was the initial phase of an experimental programme
jnitiated in 1969 at Auckland University to study the application of hydrometallurgical techniques to
the recovery of base-metals from New Zealand sulphide ores. The principal aim was to design and build a
suitable autoclave for conducting pressure leaching experiments and with this to evaluate the sulphuric
acid leaching kinetics of a bulk lead-zinc-copper-iron concentrate, under a range of experimental
conditions that might have process potential.

The effects of temperature, oxygen partial pressure, initial acid concentration, excess or deficiency
of acid, initial particulate surface area, agitation, catalyst additions (cupric and ferric sulphate)
and time on the rate of leaching of sphalerite, galena, chalcopyrite and pyrite were investigated.

Galena was found to dissolve with the formation of hydrogen sulphide and lead sulphate. The
hydrogen sulphide inhibited the dissolution of both sphalerite and chalcopyrite but notgalena. The
effect of experimental variables on the rate of oxidation of hydrogen sulphide to sulphur are reported.
This reaction was found to take place on the surface of sulphide particles between adsorbed species and
the rate determining step was the oxidation of adsorbed ferrous ions by dissolved oxygen. Scanning electron
micrographs are presented which show that the 1lead sulphate forms as a non-coherent crystalline layer
on the galena surface. Conversion reaction kinetics were consistent with rate control by liquid phase
diffusion in the pores of this layer. The rate of conversion was independent of oxygen partial pressure,
initial acid concentration and hydrodynamics but was directly proportional to the initial particulate
surface area. A very low temperature dependence was exhibited.

Sphalerite was found to exhibit linear leaching kinetics up to extractions of eighty percent after
reaction inhibiting hydrogen sulphide had been removed by oxidation. The rate of linear leaching was
directly proportional to oxygen partial pressure and surface area but independent of acid concentration
and hydrodynamics. The ultimate sulphide oxidation products were elemental sulphur and sulphate ions
with tne former usually accounting for over ninety percent of the reacted sulphide sulphur. The dissolution
reaction producing sulphur was electrochemical in nature and the cathodic reaction involving the
discharge of oxygen was found to be rate controlling. Soluble iron catalysed this reaction and a
mechanism is proposed that involves the chemisorption of ferrous jons and dissolved oxygen at the mineral
surface. Scanning electron micrographs are presented which show that certain crystal faces are preferent-
1ally attacked and that dissolution occurs by a pitting action. They also explain why sphalerite dissolution
is severely curtailed at temperatures exceeding the me1tind point of sulphur. For extractions exceeding
eighty percent the dissolution rate decreased rapidly due to a decrease in cathodic area and to the
agglomeration of residues.

ChaTcopyrite.and pyrite dissolved much more slowly than sphalerite and were extensively coated by
elemental sulphur because the oxidation of hydrogen sulphide was catalysed on their surfaces. )

Some practical implications of the leaching results are discussed.
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