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Abstract: X-ray is able to penetrate bulk metallic materials with specific thickness ( millimeter scale for heavy metal
like iron or nickel based alloys and centimeter scale for light alloys like aluminum or magnesium) due to its high
penetrability. Therefore, it can be used for materials imaging to obtain their two dimensional (2D) and three dimensional
(3D) microstructures. Comparing to traditional characterization methods, X-ray imaging is non-destructive and can be
applied for in situ and real-time observation of microstructure evolution during material processing under certain space and
time resolution. The third generation of synchrotron X-ray source can generate high flux, high energy, high resolution and
high coherence X-ray beam with which we can achieve precise and fast real-time characterization and measurement of
microstructure evolution of metallic alloy from macro-scale ( centimeter) to micro-scale ( micron or sub-micron and
nanometer). In this paper, the principle theory of X-ray imaging method and its application in metal solidification
microstructure static 3D characterization and 2D and 4D (3D plus time) in situ observation of structure evolution are
reviewed. Finally, the potential applications of X-ray imaging in solidification of metallic materials are also expected.
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Fig.2 2D in situ observation of the influence of gravity on the columnar growth dendrite morpophology: (a) microgravity, (b) sample in horizontal
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Fig. 3 Schematic of 3D X-ray diffraction contrast tomography (a) and 3D crystal morphology and orientation selection in polycrystalline material (b)
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and comparison to level rule and Scheil Equation'3®
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Fig. 11 2D in situ observation of the effect of thermelectric magnetic

convection on the solid-liquid interface during solidification

(a~c ) without magnetic field, (d~f) with tranverse magnetic

field#?!
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Fig. 12 Discrete grain response of the whole specimen at 64% solid

fraction; (a) the translation of each grain in the z-direction,
(b) the Euler distances travelled by each grain, (c) the

rotation of each grain!*’]
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