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Recent attempts to correlate material hardness with other mechanical properties, particularly bulk modulus, have resulted in significant interest in osmium metal.. While the hardness of osmium is low (only 4 GPa), the modulus results have inspired interest in using osmium as a host matrix for the incorporation of small covalent atoms to make superhard materials. Our interest in osmium also stems from the potential analogy between the behavior of iron at high pressures and that of osmium at moderate pressures. Osmium has a hexagonally close-packed crystal structure, similar to that of iron at the conditions of the Earth’s core. Predicted trends suggest that higher Z elements in the same periodic group mimic behavior of lower Z elements at high pressures, as long as the crystal structures are the same. Success in drawing this correlation between the mechanical properties of osmium and iron could be very useful in the ongoing quest to characterize the behavior of the Earth’s core. 


To elucidate the unique mechanical properties of Os, we performed non-hydrostatic in-situ high pressure diffraction experiments to determine its strength and deformation behavior using the COMPRES-supported beamline X17C at NSLS. Os supports a differential stress up to 10.0 GPa at 25 GPa (for the (110) plane). If the measured t values are considered a lower bound on the shear strength, this suggests that osmium plastically deforms less easily than any other pure metal. In addition, the data shows distinct evidence of development of lattice preferred orientation as pressure is increased (Fig. 3). At  =90( (minimum stress direction), the intensity of the (101) peak increases, while the intensity of the (002) peak decreases. This trend is reversed at  =0( (maximum stress direction) where the (002) intensity increases while (101) decreases. These changes in intensity as the sample pressure increases indicate that the sample is preferentially aligning the least strong [00l] direction with the primary stress direction.
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Figure. Evolution of the relative intensities for the Os (002) and (101) diffraction peaks during strength testing in the diamond anvil cell.
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