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Synchrotron X-ray tomography has been rapidly developed in the science and engineering fields since
2000. At present, the spatial resolution of tomographic images approaches the physical limit, and the
microstructure of metals can be analyzed. The greatest benefit of material characterization via X-ray|
tomography is that 4D imaging (i.e., the continuous 3D imaging of time evolutionary behavior) can be
expanded from 3D imaging, i.e., the structural changes and the deformation/damage behavior caused by
thermal processes, tensile and compression stresses, and fatigue can be analyzed in 3D/4D. In this study,
through a series of investigations it has demonstrated that synchrotron X-ray tomography is a robust 3D/4D
characterization technique. Phenomena that are difficult or impossible to understand by conventional 2D
observations are revealed by 3D/4D quantitative analyses. The results of present 3D/4D investigation
suggest that factors should be controlled to enable the development of advanced materials.

First, synchrotron X-ray tomography was expanded to a chemical qualitative elemental analysis
technique, not just a structural analysis technique. 3D/4D elemental concentration mapping was realized by
K-edge subtraction imaging, and the accuracy and the repeatability of K-edge subtraction imaging were
evaluated. The changes in the concentration distribution of copper in aluminum alloy before and after
thermal annealing were analyzed in 4D. It is found that the local chemical fluctuation of copper occurred
even though it was in a homogeneous annealed state.

Second, synchrotron X-ray tomography was used to analyze the high-temperature deformation behavior
of aluminum alloys. The high-temperature deformation process of Al-Mg alloys was observed in 4D and
was quantitatively analyzed. High-density hydrogen micropores were observed in the alloys Although
continuous nucleation occurred together with the growth of pre-existing hydrogen micropores, the effects of|
the pre-existing hydrogen micropores, especially those located on grain boundaries, were predominant in
the overall damage evolution. It seemed likely that supersaturated hydrogen in the aluminum alloys might
also make an appreciable contribution to cavitation during high-temperature loading.

Next, the fracture behavior of pre-cracked Al-Mg-Zn practical alloy was evaluated in 3D/4D on the basis
of fracture mechanics parameters. The strain distribution near the crack tip was substantially different from
the definition of fracture mechanics and was localized in shear bands that formed ahead of the crack tip. It
has clarified that this strain localization is influenced a great deal by not only generally known aging
conditions but also the polycrystalline structure and crystallographic orientation.

Moreover, 3D/4D mechanical-property evaluations of steel materials were performed. High-resolution
3D/4D imaging was realized for the steel material, which had a high X-ray absorption coefficient and was
applied to the analysis of the fatigue-crack growth behavior of cast iron. The crack growth behavior of cast
iron was observed on the graphite near the crack and the inclusion. As a result, a complicated crack front
line and irregular crack growth were observed.

In addition, synchrotron X-ray tomography was used to analyze the compression and recovery behavior
of flexible graphite. Deformation behavior of flexible graphite was assessed in the microscopic 3D/4D
imaging instead of the conventional macroscopic 2D observation of sliced cross-sections. Macroscopic
compression and recovery behavior was characterized on the basis of microstructural factors, such as the
bending of worms, changes in thickness, and the spatial distribution of graphite.

Finally, the findings of the present study were summarized and conclusions were reported.
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