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Abstract: Synchrotron radiation is pulsed radiation generated by bunches of charged particles with relativistic energies.
Due to high intensity, high spatial/time resolution and high penetration depth, the synchrotron—based high—energy X -ray
diffraction (HE-XRD) technique can be used to characterize the evolution of the multi-scale microstructures in engineering
materials. By applicating the in—situ experimental instrument, the HE-XRD provides rich information on experimental inputs
for establishing various micro—mechanical models of engineering materials under interaction of multiple external stress, tem-
perature,, and/or magnetic fields. Moreover, HE - XRD provides also powerful tools for revealing the damage and failure
mechanisms of advanced materials and evaluating performance of engineering components during usage. In this paper, the
basic principles of synchrotron radiation and HE—XRD are briefly introduced and their applications to deformation, phase
transformation and recrystallization are presented, including the micromechanical behavior and microstructure evolution of ad-
vanced multiphase materials with high strength, the influence of external fields on the phase transformation behaviors of ther-
mal and ferromagnetic shape—memory alloys and nanowire—reinforced shape—memory composites, etc. Finally, based on the
further development of advanced photon sources, the future applications of HE-XRD technology in higher time resolution and
multiple actual environment are prospected.
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Fig. 1  Penetration ability of X-rays as a function of photon energy for several

typical metals, and corresponding 26 for d—spacing of 1 Al
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Fig. 2 Schematics of diffraction instrument set—up and the diffraction gauge volume for reflection (a) and transmission (b)
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Fig. 3 Schematic illustration of the setup for high—energy x—ray diffraction experiments under multiple sample environments (a); A 2D detector

is used for collecting; (b) the diffuse scattering of a single crystal

rings of a strongly textured sample/2']
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Fig. 4 The (200) diffraction peaks of Ferrite and Bainite phases

in the TRIP steel at applied stress of 0 MPa (a), and

response of lattice strains to applied stress for different
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Synchrotron Polychromatic X-Ray Laue Microdiffraction
Study on the Microstructures of Crystalline Materials

PAN Zhihao, ZHOU Guangni, CHEN Kai
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Mechanical Behavior of Materials, Xi’ an Jiaotong University, Xi’ an 710049, China)

Abstract: With the advent of efficient brightness—preserving X—ray focusing optics and synchrotron radiation—based tech-
niques, local crystal structure, orientation, microscopic elastic strain/stress, and defect type and density can all be probed
with a single scan of micro—focused synchrotron polychromatic X-ray Laue diffraction ( wXRD), and these microstructural
features can be further related to the mechanical and physical properties of the crystals. The wXRD technique is particularly
suitable for the non—destructive and quantitative mapping of the microstructural characteristics of inhomogeneous multiphase
polycrystalline samples, as well as imperfect epitaxial crystals, without involving any critical sample preparation procedures.
In this paper, three examples are introduced in details. First of all, the orientation distribution Nd,Ir, O, polycrystals, which
are brittle and virtually impossible for fine surface polishing, are mapped using the pXRD technique and related to their
unique electrical conductance distribution. Secondly, the elastic lattice strain distribution in laser 3D printed Ni-based su-
peralloy is studied and compared to the case in cast bulk materials. Finally, the defect type ( mainly dislocations) and densi-
ty are thoroughly mapped from the matrix to the cladding layers of a laser 3D printed Ni—based superalloy. By studying the
nano—hardness of the same region using the technique of nano—indentation, the mechanical properties are successfully linked
with the dislocation densities. As WXRD enters its 20" year of existence and new synchrotron nanodiffraction facilities are be-
ing built and commissioned around the world, two dimensional or even three dimensional scans on the testing specimens with
tiny scanning steps become possible and giant amount of Laue diffraction data are collected. Therefore new data analysis algo-

rithms and tools are being developed. In this paper we

briefly review the new achievements and trends in this
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