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Surface oxidation of chalcocite (Cu2S) under aqueous (pH = 2–11) and ambient atmospheric conditions: Mineralogy from Cu L- and O K-edge X-ray absorption spectroscopy
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ABSTRACT
We characterized the surface oxidation layer (~50 Å) of chalcocite reacted with air-saturated
aqueous solutions at pH = 2–11 and with the ambient atmosphere. Copper L-edge and O K-edge Xray absorption spectroscopy probes the unoccupied electronic states in the conduction band of the
surface alteration phase that, in turn, enables us to identify the mineralogy of the surface layer. At
low pH, the surface alteration phase is primarily cuprite (Cu2O). At higher pH, tenorite (CuO) is the
dominant phase. No evidence for sulfate or carbonate phases are present; however, chalcocite reacted only in air does develop a CuSO4 surface phase in addition to cuprite and minor tenorite.

INTRODUCTION
Chalcocite, Cu2S, is a common ore mineral of Cu but its
surface is unstable to oxidation upon exposure to the atmosphere or to air-saturated aqueous solutions with Eh > 0 (Fig.
1). Oxidation of the chalcocite surface adversely affects the
behavior of chalcocite grains during mineral separation by floth
flotation methods of ore processing (Tolley et al. 1996; Clark
et al. 2000). The formation of an insoluble surface oxidation
layer also may passivate chalcocite crystal faces and decrease
the rate of chalcocite oxidation during weathering.
Several studies have characterized the surface oxidation
layer of chalcocite using electrochemical methods (Velasquez
et al. 2001; Fullston et al. 1999; Tolley et al. 1996). Velasquez
et al. (2001) observed that during electrochemical oxidation at
alkaline pH, Cu (I) is partially oxidized to Cu (II) as CuO,
Cu(OH)2, or possibly Cu3(SO4)(OH)4. Fullston et al. (1999)
studied the oxidation of chalcocite as a function of pH and
oxidizing conditions. They interpreted their results as indicating
the formation of a Cu hydroxide layer covering a metal-deficient
S-rich surface. The hydroxide layer precipitates above pH 6.
The nature of the oxidized chalcocite surface also has been
characterized using X-ray photoelectron spectroscopy (XPS)
(Velasquez et al. 2001; Fullston et al. 1999). Fullston et al.
(1999) corroborated their results from zeta potential data, observing polysulfide or elemental S beneath a Cu oxide/hydroxide covering. Although XPS can characterize the elemental
composition and oxidation states of elements on sulfide mineral surfaces, we have found that X-ray absorption spectroscopy (XAS) using synchrotron light-sources, can provide much
more information: XAS measures transitions to unoccupied
states in the conduction band. These are usually anti-bonding
orbitals so that XAS can detect the presence of chemical bonds.
From such information, we can often get an unambiguous identification of the surface mineralogy. In two recent studies, we
have characterized the surface alteration phases on pyrite (Todd
et al. 2003a) and chalcopyrite (Todd et al. 2003b) using this
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approach. In the present study, we used XAS to characterize
chalcocite surfaces oxidized in aqueous solutions as a function
of pH. We also measured the surface mineralogy of chalcocite
exposed to the ambient atmosphere (25 ∞C, PH2O = 0.02 bar).

EXPERIMENTAL METHODS
Sample preparation
A natural chalcocite sample, from Cornwall, England, was used for the oxidation experiments. Chalcocite fragments were coarsely ground in a nitrogen
glove box and then immersed in air-saturated 0.1 M sodium nitrate solutions for
five days. The pH of the aqueous electrolyte was adjusted initially, and also
once during the equilibration period, using 0.1 M nitric acid and 0.1 M sodium
hydroxide. The final values ranged between pH 1.75 and 10.07. After conditioning, the samples were dried and stored under nitrogen, before being mounted
on stainless steel sample holders using carbon tape. All procedures were carried
out under nitrogen to ensure that the only oxidation products were those formed
in aqueous solution. A sample ground and stored under nitrogen was retained as
a control, and chalcocite oxidized in air also was included for comparison.

FIGURE 1. Eh-pH diagram for the Cu-O-S system at 25 ∞C constructed
from the data in Wagman et al. (1982) and Helgeson et al. (1978).
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