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Development of microstructure imaging for predicting mechanical properties of
materials by using synchrotron radiation X-rays

Sato, Shigeo
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To predict fracture and work hardening of metallic microstructure in structural
materials, we have developed analytical methods for determining 2-dimensional distributions of
dislocations and residual stresses by using X-ray diffraction methods. Firstly, the line-profile analysis
based on the energy dispersive X-ray diffraction method was developed in 2012. High spatial-resolution
line-profile analysis was developed in 2013 to characterize cold-drawn pearlitic steels. In 2014, These
analytical methods were applied to the Co-Cr alloys with negative stacking fault energies.



X 2D
3D
X
X
X
X
Cu Co-Cr 50 150 keV X
X
X
X
2D 3D
X
X
X
mm
SPring-8
X

X BL28B2

X Ge

X

radial
radial, hoop, axial




X X
BL22XU Fig.2
200 p
mx 200 p m X 30.036
keV
X
X
900 mm Pilatus100K
110 310
X
0.84 mass%C @ 4.05 mm
22.5%
0.25
3 mm
X 100 pm x 500 pm
X X
Ge
LaB,
modified Williamson-Hall /
Warren-Averbach
Bragg
2dsinf=hc/E
X
X
Ak
Fig. 1
150 keV Pb W
X Fe 90
150 keV
Bragg (110 310 )
3.8°
5.5° Fig.2

0 Fig. 3

Energy / keV

260/ deg

Fig. 1. Ak (hm™) map converted from the energy
resolution of the SSD used in this study. X-ray
energies of W-L and Pb-L fluorescent X-rays are
aso denoted in the figure.
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Fig. 2 Line profiles of a ferrite phase measured at the
center of the pearlitic steel specimen (solid line).
Dotted line denotes the instrumental line profiles
defined by using the LaBg powder specimen.
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Fig. 3. Variations in crystallite size, dislocation density,
and M value as a function of the distance from the
center to the wire surface of the wire specimen (true
strain = 0.25).

Vertical axis

PILATUS100K

Horizontal

Incident X-ray
200x 200 mm’ .
Specimen

Thickness 1mm

Slits

Fig. 4 Schematic diagram of XRD system at BL22XU in
SPring-8.
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Fig. 5 Didocation density, dislocation arrangement
parameter (M), and crystallite size, vs. the distance
from the wire center.
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Fig .6 Temperature dependence of dislocation density,

disocation arrangement parameter (M), and crystallite
size.
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