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Ruthenium solubility in hematite
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ABSTRACT

Solid binary oxides of the platinum-group elements (PGE) decompose on heating in air
to metal, oxygen, and often, a mixture of volatile PGE oxides. Compared to most other
transition metal oxides, these decomposition temperatures are low, generally below 1100
8C. The modest exception is RuO2, which remains stable in air until 1400 8C. Because of
its comparatively high oxide stability, Ru, among all the PGE, is the one with the greatest
potential for a significant oxidic, i.e., lithophile, geochemistry. A series of 1 atm phase
equilibrium experiments were made to establish the limits of solid solution of Ru in he-
matite (Fe2O3) and help evaluate the significance of the oxidic geochemistry of Ru.

The solid-solution limit for Ru in hematite may be represented by the following oxi-
dation-reduction reaction:

2RuO2 1 Fe2O3 5 2FeRuO3 1 1/2O2.

Experiments equilibrated between 1012 and 1490 8C were buffered with respect to oxygen
fugacity by the coexistence of Ru metal and solid RuO2, both as essentially pure phases.
Solution of Ru in hematite is enhanced at lower oxygen fugacity, but reaches a maximum
fixed by the presence of Ru metal. An endothermic enthalpy for the reaction (188.1 6 0.7
kJ/mol) was retrieved from the redox-controlled solubilities was as a regular solution in-
teraction parameter (18.5 6 0.5 kJ/mol) that indicated small positive deviations from ide-
ality in the solid-solution region investigated. Estimates based on the new data for solu-
bilities of Ru in a rhombohedral oxide at geologic conditions suggest that natural
concentrations might be accommodated at high temperatures without saturation in Ru met-
al, but that exsolution of Ru metal from oxides would be favored at low temperature.

INTRODUCTION

A basis for understanding the oxidic geochemistry of
Ru begins with what is known about the solid-state chem-
istry of its oxide compounds. Most of that research, mo-
tivated by technological issues, lies outside the geosci-
ences literature, however. As a starting point for
interpreting the oxidic geochemistry of Ru, research ef-
forts from other venues are briefly described. Research
concerning electronic applications of RuO2, e.g., thick-
film resistors (Hrovat et al. 1993; Hrovat et al. 1996) and
anode coatings for electrolytic production of chlorine
(Beer 1980), stems from the unusual metallic conductiv-
ity of RuO2. One of the radioactive isotopes of Ru, 106Ru,
has attracted the attention of the nuclear waste manage-
ment community because it is a decay product in high-
level nuclear waste, and can be present up to several wt%
in the borosilicate glass wasteform (Dixon et al. 1980;
van Berkel et al. 1987; Schreiber et al. 1986; Jantzen et
al. 1981; Hutson 1994). The occurrence of perovskite-
derivative crystal structures of Ru oxide compounds anal-
ogous to those of known high Tc superconductors has
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sparked much of the research on oxidic Ru compounds
from the materials science community (Williams et al.
1991; Quilty et al. 1993; Randall and Ward 1959; Do-
nohue et al. 1966; Kafalas and Longo 1970; Longo and
Kafalas 1968; Kobayashi et al. 1994). Ru-bearing per-
ovskites have also been examined for applications in sev-
eral types of industrial catalysts (Wiley and Poeppelmeier
1991; Greatrex et al. 1979). The single most important
geochemical fact distilled from this body of work is the
dominance of Ru41 in oxidic compounds.

The thermodynamic instability of the lower oxidation
states of Ru was discussed by Wiley and Poeppelmeier
(1991) to explain their inability to synthesize oxygen de-
ficient Ru-bearing perovskites for catalysis. Although
spectroscopic data indicates that other oxidation states
(Ru21, Ru31, Ru51) can exist in oxides (e.g., Triggs et al.
1984; Blazey et al. 1985), species other than 41 generally
occur in mixed-valence phases dominated by Ru41. Ex-
ceptions exist, however, and Ru51 and even Ru71 occur in
oxide compounds where they are essential structural con-
stituents and the only Ru species (e.g., Silverman and
Levy 1954; and Greatrex et al. 1979; Battle et al. 1989).
For this reason, a more precise generalization and one
most relevant to the geochemistry of Ru, is that Ru41 is


