How do 3D microstructures and their digital representation help to
understand microstructure formation in the micro, nano and atomic scale?
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ABSTRACT

The properties of many engineering materials are strongly influenced by their microstructures. The
term microstructure refers to the complete internal structure of a material on the micro, nano and
atomic scales. On one hand, it records the entire history of a material’s production and structuring
(casting, forming, heat treatments, but also crystal growth, etc.) through its phase composition, defect
structure and morphology. On the other hand, all structural and functional properties e.g. toughness
or conductivity are determined by the microstructure. Thus, the microstructure can be seen as an
intrinsic multi-scale memory from which we can get information about all microstructure-building
processes as well as predict the final material properties. However, it could not be fully exploited so
far due to the lack of adequate 3D characterization techniques in some of the relevant scales. Recent
progress in tomographic techniques has led to quantitative insights into the evolution of materials
microstructures with gradual field of view sizes. We present hierarchical investigations for complex
microstructure morphologies e.g. of an important lightweight material for automobiles — the Al-Si
alloys. The interdendritic Al-Si eutectic network with its 3D shape and arrangement plays an
essential role for stiffness, toughness and strain at fracture. The eutectic seeding controlled by
clustering on the atomic scale [1]-[3], the microstructural growth mechanisms on the nano scale as
well as their stochastic effect in the micro scale on the macroscopic properties are still under
discussion and the materials are potentially far away from being optimal [4].
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