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ABSTRACT
Using X-ray photoelectron spectroscopy, the oxidation/alteration of massive coexisting pentlandite
(Pn) and pyrrhotite (Po) from Voiseyʼs Bay has been studied in aqueous solution at pH 9.3, with the
addition of the xanthate collector potassium amyl xanthate (KAX) at varying solution O2 concentrations.
As in the accompanying XPS study, the oxidation/alteration of the two mineral surfaces is monitored
by the Fe 2p, Ni 2p, S 2p, and O 1s XPS spectra. The major surface product on all surfaces is FeOOH.
However, the amount of FeOOH depends greatly on the presence of KAX, the presence of ground Pn/
Po of high surface area, and the O2 solution concentration. At air-saturated O2 solution concentrations
of 8–9 ppm, the amount of FeOOH on both surfaces decreases in the presence of KAX compared to
the situation without KAX. In the presence of the Pn/Po powder, the oxidation of Pn decreases still
more, suggesting that the powder scavenges O2, and that the oxidation of Pn is more sensitive to O2
concentration than the oxidation of Po. When the O2 concentration is decreased drastically to <0.01
ppm (by Ar purging) in the presence of KAX, both minerals are relatively free of FeOOH: indeed,
both minerals show less FeOOH than the unreacted sample, which implies that the mineral surfaces
are being “cleaned” under these conditions. The degree of oxidation of both surfaces increases with
increase in the O2 solution concentration; but at about 0.03 ppm O2 the pyrrhotite surface is heavily
oxidized, while the pentlandite surface remains largely unoxidized, and less oxidized than the initial
unreacted sample. This result strongly indicates that the ßotation separation of Pn and Po could be
enhanced at low O2 concentrations.

INTRODUCTION
EfÞcient ßotation of Ni ores is achieved using collectors
such as xanthates, which are R-OCS–2 molecules (see references
in the previous paper, Legrand et al. 2005). These xanthates are
surfactants that can be adsorbed/bonded to a mineral surface and
allow ßotation of a mineral grain; thus the surface properties of
the ore and gangue minerals are critical to the efÞcient separation of the ore minerals. In particular, it is well known that the
ßoatability of a suÞde mineral is depressed by excessive oxidation (Malysiak et al. 2002; Buckley et al. 2003). To understand
better the nature of these surface reactions, our previous study
(Legrand et al. 2005) documented the oxidation/alteration of
pyrrhotite (Po) and pentlandite (Pn) surfaces reacted with pH
9.3 solutions containing only lime (CaO) such as are used in
industrial ßotation. The above study showed that XPS is very
useful for monitoring the detailed surface chemistry of these
minerals; and that the oxidation/ alteration of pentlandite is
substantially slower than pyrrhotite, although both minerals are
effectively covered with a very thin overlayer of FeOOH after
30 minutes in pH 9.3 solution.
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fect of xanthate and dissolved oxygen on the surface alteration
of the two minerals. The effect of mineral surface area is also
investigated, particularly as it pertains to the effect of dissolved
oxygen concentrations on the surface alterations. This study is
important not only for detailed fundamental knowledge of surface reactions involving these minerals and sulÞdes in general,
but it is also important for practical industrial ßotation. Indeed,
this study demonstrates that, at very low dissolved oxygen
concentrations in the presence of a xanthate, it is possible to
selectively oxidize the pyrrhotite surface. Under these conditions,
the ßotation separation of pentlandite from pyrrhotite could be
greatly enhanced.

EXPERIMENTAL METHODS
The same pentlandite and pyrrhotite sample cubes from the Voiseyʼs Bay
deposit that were used in the previous study (Legrand et al. 2005) were used in
this study. The samples were cut, polished, and rinsed as discussed previously
(Legrand et al. 2005). The >1 cm2 areas of pentlandite and pyrrhotite on these
polished samples made it easy to analyze both minerals with a <1 mm2 X-ray beam
for XPS analysis (for the XPS methodology, see Legrand et al. 2005).
In the Þrst two experiments, the polished samples were reacted for 30 minutes
in pH 9.3 solutions with no KAX (no. 1, as in the previous paper), and with KAX
(no. 2) in the presence of 50 ppm KAX (potassium amyl xanthate). Solutions were
prepared by dissolving 12.5 mg of KAX in 250 ml of deionized water and adjusting
the pH by addition of 1g/L CaO solution. The sample cubes were polished with
0.25 μm diamond dust to regenerate a fresh surface, just prior to being introduced
into the solution. The samples were placed in the pH 9.3 KAX solution in a Teßon
reaction vessel and covered. Reaction proceeded, with stirring, for 30 minutes.
The sample was removed, rinsed with methanol, and lightly dabbed with a tissue,
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