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ABSTRACT

The reactivity of aqueous Au11 sulfides with FeS2 at pH 5 3 and 6 for temperatures of
25 and 90 8C has been investigated using X-ray photoelectron spectroscopy (XPS), scan-
ning electron microscopy with energy dispersive X-ray analysis (SEM/EDXA), and static
secondary ion mass spectrometry (SSIMS). The presence of both Au11 and metallic Au
are observed upon the FeS2 surface. We show that Au deposition is increased at elevated
pH or temperature; but the amount of Au deposited is far lower than in AuCl solutions2

4

owing to the greater stability of Au(SH) complexes. This is the first evidence of Au1112x
x

on pyrite from bisulfide solutions using XPS.

INTRODUCTION

It is generally accepted by the geologic community that
the bisulfide ligand (SH2) plays an important role in the
transport of precious metals, and SH2 is believed to be
the principle transporting species when both chloride and
bisulfide ligands are present in solution in significant
quantities (Hayashi and Ohmoto 1991). When consider-
ing the bisulfide ligand as a complexing agent in aqueous
and hydrothermal environments, researchers have focused
on two areas. First, several researchers have studied the
ability of the ligand to complex various precious metals
such as Au (Renders and Seward 1989a; Shenberger and
Barnes 1989; Seward 1993; Berndt et al. 1994; Benning
and Seward 1995, 1996), Ag (Renders and Seward 1989a;
Gammons and Barnes 1989), Pt and Pd (Gammons and
Bloom 1993; Wood et al. 1994; Pan and Wood 1994).
They determined (1) the solution species present as a
function of temperature, pressure, or pH and (2) the max-
imum solubility of the metals to better understand trans-
port resulting in ore deposition. Second, geologists and
hydrometallurgists have focused on the interaction of
base metal sulfides and bisulfide solutions with the hope
of better understanding base metal ore deposition, oxi-
dation/reduction processes, and base metal recovery
(Hayashi et al. 1990; Buckley et al. 1994; Kucha et al.
1994).

Renders and Seward (1989b) first investigated the in-
teractions of Au11 bisulfide and sulfide minerals. They
investigated the ability of synthetic antimony and arsenic
sulfides (Sb2S3 and As2S3) to adsorb Au from bisulfide
solutions as a function of pH and temperature. These min-
erals were chosen owing to high Au concentrations found
in the hydrothermal deposits of New Zealand. This study
was later followed up by Cardile et al. (1993), who used
197Au Mössbauer to characterize the oxidation state of the
Au present on the As2S3 and Sb2S3. It was concluded that
the Au was present on the surface as a Au11 species. It

was postulated that the Au was in the form of a linear
complex attached to the sulfide surface through the sulfur
moiety [S—Au11-SH2]. Tossell (1996) has calculated the
IR-Raman vibrational frequencies and the 197Au Möss-
bauer parameters for a variety of hydrothermally relevant
Au11 and Au31 species. Tossell (1996) has also shown
that the Au11 sulfide can be adsorbed onto an antimony
sulfide surface as the AuSH neutral species through the
sulfur of the sulfide mineral, in good agreement with the
experimental observations of Cardile et al. (1993).

This work focuses on the first surface studies of Au11

sulfide complexes on pyrite as a function of pH and tem-
perature from bisulfide solutions. Information on oxida-
tion state, surface coverage, and morphology of the de-
posited Au species obtained is discussed through the use
of XPS and SEM/EDXA.

EXPERIMENTAL MATERIALS

Pyrite was cut into 10 3 5 3 5 mm slabs for use in
the experiments. Ultra-high purity Ar and H2S gases from
Matheson gas were used. All other reagents were of high
purity and used as received (BDH chemicals). The Au2S
was prepared following the procedure outlined by Ren-
ders and Seward (1989a).

EXPERIMENTAL PROCEDURE

The bisulfide solution was prepared by taking 175 mL
of freshly prepared 0.20M NaOH, and placing it into a
blackened 250 mL three-neck flask. To the center neck
of the flask, a water-cooled condenser was added. The
temperature was adjusted using a variable transformer
that had been calibrated, thus allowing for temperatures
to be within 61 8C of the chosen 25 or 90 8C. In the two
smaller necks of the flask, a gas bubbling frit and gas
exhaust line were added. This allowed the system and the
solution to be purged with ultra-high purity argon gas.

The argon gas was passed through a scrubbing column


