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For many years, X-ray computed tomography (CT), as an non-destructive three-dimensional
imaging technique, has played an important role in material characterization. With the advent of
highly-brilliant third generation synchrotron X-ray source, the spatial resolution has been
enhanced down to the sub-micrometer scale. Presently, nano-CT using novel X-ray optics is
developed creating more possibilities for the precise o
materials analysis. Furthermore, the shortest scan time for . sy"°2;2§;‘;2,§;;” N aritis
micro-CT is now in sub-second range with newly developed
high-efficiency fast X-ray image detectors. These high
spatial and temporal resolutions provide an opportunity to
perform real-time imaging for the characterization of
dynamic phenomena in materials science. In this review,
frontiers in materials evaluation using synchrotron X-ray
three dimensional imaging introduced with examples
performed in SPring-8. Synchrotron X-ray three-dimensional )
imaging is indicated to be an promising non-destructive .. _—
analytical technique with many possibilities in material
research.
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Figure. 1. Conceptual diagram of three types of

imaging techniques using in SPring-8.
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Figure. 2. Top and side views of (a) conventional
and (b) apodized FZP [6].
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Figure 3: 3D micro-CT images of defects in
(p = 98%).
round-shaped pores (Type |), branchedcrack-like

sintered alumina Coarse

defects (Type Il), and circular crack-like defects
(Type 1)).[10] (The figure has been reprinted

with the permission of Springer Nature.)
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Figure 4. Nano-CT images of defects. (a—c)
Branched crack-like defects (Type Il), (d) shallow
bowl-shaped crack.[10] (The figure has been
reprinted with the permission of Springer

Nature.)
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Figure 5. 3D perspective views of microvoids at
different load levels.[11] (The figure has been

reprinted with the permission of Elsevier B.V.)
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Figure 6. 3D perspective views of a typical
micro-void. The underlying ferritic phase is not
displayed, and only the micro-void and the
martensitic phase are shown. [11] (The figure
has been reprinted with the permission of
Elsevier B.V.)
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Figure 7: 3D charging state maps of active
material during (dis)charge. The blue and red
regions indicate completely discharged (x = 1.0)
and charged (x = 0.60) state, respectively. The
bar graph on the right-hand side of each 3D
charging state map represents the proportions of
active material with Li contents.[18] (The figure
has been reprinted with the permission of

American Chemical Society)
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magnetic contrast via XMCD projections at

various angles is also shown. [21]
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Figure 9: 3D images of GdFeCo microdisk. (a, b)
density distribution and cross section obtained by
X-ray absorption tomography. (c, d)
Magnetization distribution and cross section
obtained by XMCD tomography. [21]
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