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ABSTRACT

Sulfide minerds are a mgor source of metas, however, certain sulfide minerds, such as
pyrite and pyrrhotite, are less dedrable  Froth flotation is a commonly used separation
technique, which requires the use of severad reagents to float and depress different sulfide
mingas.  Xanthae, a thiol collector, has ganed immense usage in sulfide minerds flotation.
However, some sulfides are naturaly hydrophobic and may float without a collector.

Iron sulfides, such as pyrite and pyrrhotite, are few of the most abundant mineras, yet
economicdly indgnificant. Ther exigence with other sulfide minerds leads to an ingfficient
separation process as well as environmenta problems, such as acid mine drainage during mining
and processng and SO, emissons during smdting process A pat of the present study is
focused on undergtanding their behavior, which leads to undesred flotation and difficulties in
separation.  The mgor reasons for the undesred flotation are attributed to the collectorless
hydrophobicity and the activation with heavy metd ions.

To better understand the collectorless hydrophobicity of pyrite, Electrochemica
Impedance Spectroscopy (EIS) of freshly fractured pyrite electrodes was used to study the
oxidation and reduction of the minerd. The EIS results showed tha the rate of reaction
increases with oxidation and reduction. At moderate oxidizing potentids, the rate of reaction is
too dow to replenish hydrophilic iron species leaving hydrophobic sulfur species on the surface.
However, a higher potentids, iron species are replaced fast enough to depress its flotation.
Effects of pH and polishing were dso explored using EIS.

Beddes collectorless hydrophobicity, the activation of pyrrhotite with nickd ions and
interaction with xanthate ions makes the separation more difficult. DETA and SO, are
commonly used as pyrrhotite depressants; however, the mechanism is not very wel understood.
Contact angle measurements, cyclic voltammetry and Tafed studies have been used to ducidate
the depressing action of DETA and SO,. It was observed that DETA and SO, complement each
other in maintaining lower pulp potentids and removing polysulfides DETA dso hdps in



deactivating pyrrhotite.  Therefore, the combined use of DETA and SO. leads to the inhibition of
both the collectorless flotation and the adsorption of xanthate.

The adsorption of xanthate on sulfide minerds is a mixed-potentid mechanism, i.e, the
anodic oxidation of xanthate requires a cathodic counterpart. Normadly, the cathodic reection is
provided by the reduction of oxygen. However, oxygen can be replaced by other oxidants.
Ferric ions are normally present in the flotation pulp. Their source could be ether iron from the
grinding circuit or the ore itsdf. The gavanic sudies were caried out to test the possbility of
using ferric ions as oxidants and positive results were obtained.

Tafel sudies were caried out to measure the activation energies for the adsorption of
gthylxanthate on severd aulfide minerds.  Pyrite, pyrrhotite (pure and nickd  activated),
chalcocite and covelite were studied in 10* M ethylxanthate solution at pH 6.8 a temperatures
in the range of 22 — 30 °C. The Tafd studies showed that xanthate adsorbs as dixanthogen (X»)
on pyrite and pyrrhotite, nickd dixanthate (NiX2) on nickd-activated pyrrhotite and cuprous
xanthate (CuX) on both chalcocite and covellite  However, the mechanism for xanthate
adsorption on each minerd is different.  The free energy of reaction estimated from the
activation energies are in good agreement with thermodynamically caculated ones.
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