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Abstract: The advanced synchrotron radiation source, with the advantages of high flux, high coherence, high pulse repe-
tition rate, efc. , provides characterization methods such as X-ray diffraction, small-angle scattering, imaging, and spectros-
copy. The in-situ environmental (such as temperature field, stress field, gas, solution medium, etc. ) equipment combined
with these characterization methods are important technical means for the measurement and evaluation of the service behavior
and damage mechanism of materials and components used in nuclear energy systems. The damage behavior of nuclear materi-
als under complex multi-field environments such as temperature/stress/medium/neutron irradiation has long been the focus
of the academic and industrial circles. The microstructure evolution, micromechanical behavior and damage mechanism of
nuclear materials under the coupling action of multiple fields are the key scientific issues. This paper reviews the application
of synchrotron radiation characterization techniques in the research of typical nuclear materials from several aspects, such as
high-energy X-ray diffraction, microbeam diffraction, small-angle scattering, imaging/tomography, and spectroscopy. Final-

ly, the future development directions of synchrotron radiation technology in nuclear materials research are prospected.
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Fig. 1 Variations of lattice strains in ferrite and austenite phases of duplex stainless steels with macrostrain along the loading direction during tensile

deformation!") . (a) unaged, (b) aged at 475 °C for 400 h
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Fig. 2 Evolution of dislocation density as a function of plastic strain for
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worked G92 tested at different temperature, the experimental
results are represented by symbols, and dislocation modeling

results are presented by lines'®!
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Lattice strain distributions in the [001]//loading direction grain before and after applying a tensile strain of 0. 5% , all of the lattice strains are

measured in the surface ND of the specimen: (a) The (480) lattice strain map before tensile loading, the primary shear band is labeled as M1,

while the two secondary shear bands are labeled as M2 and M3, the wall of the primary shear band is marked by line 1, band interior is marked

by line 2, diffuse band wall is marked by line 3, and grain matrix is marked by line 4; (b) Same as Fig. 8a except after tensile loading; (c, d)

Diffraction profiles near the intersecting zone ( C1) between M1 and M2 bands before and after loading at the band wall, band interior, and ma-
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SAXS measurement of He gas bubble superlattice in Mo pre- and post-Kr ion irradiated at 300 °C to a dose of 2. 5 dpa

[25],

(a) The intensity

versus scattering vector ( Q) , the 2D SAXS maps showing that the diffraction spots originating from the gas bubble superlattice transform into a

diffused ring-like pattern after Kr ion irradiation, suggesting the disordering of the He gas bubble superlattice; (b) Evolution of He gas bubble

size under Kr ion irradiation, as measured by TEM and SAXS, both the TEM and SAXS measurements indicate increased bubble size under Kr

ion irradiation
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Fig. 12 Reconstruction slices extracted parallel to the tensile axis in a
central plane for the four samples in the ultimate state before
fracture, AISI316 is clearly less deformed at fracture and con-
tains local cleavage microcracks when hydrogen charged, the
deformation in the different images are!®!. (a) & =2.40 for
non-charged AISI316L, (b) & =1.36 for hydrogen-charged
AISI316L, (c¢) &=1.92 for non-charged AISI316, (d) &=

0. 95 for hydrogen-charged AISI316
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