Elasto-plastic interpretation of lattice strains measured in  non hydrostatic x-ray diffraction data
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For many years, the interpretation of lattice strains measured on samples plastically deformed in the diamond anvil cell has been a controversial issue. In particular, it was shown that the deduction of elastic moduli for such data was inconsistent for materials such as the hcp phase of Fe or hcp-Co1.

In fact, understanding the link between single crystal elasticity and rheology, microstructure, and polycrystalline behavior is fundamental for modeling and interpreting material properties. It is also critical for understanding and interpreting x-ray diffraction data collected on polycrystals.

Here, we will show how a modification of the elasto-plastic self-consistent (EPSC) model of Turner and Tomé2 can be used to assess the development of internal elastic strains within grains of a sample plastically deformed up to high pressure. The EPSC model is used to simulate the macroscopic flow curves and internal strain development within the sample. Input parameters are single crystal elastic moduli and their pressure dependence, critical resolved shear stresses and hardening behavior of slip and twinning mechanisms.

The comparison between experimental and predicted data leads us to conclude that the lattice strains measured on  materials deforming under pressure are largely influenced by plasticity effects. The model also allows comparisons between internal stresses within each grain of the polycrystal and average stresses in the polycrystal, and hence understand key relationships between single crystal and polycrystalline properties3.

Examples will be given for the hcp-Co and Au. In particular, we will demonstrate why  plasticity influences the lattice strains measured in x-ray diffraction and why the elastic moduli deduced from radial x-ray diffraction have been so problematic in the past.
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