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Development of new X-ray diffraction system for quantitative
analysis of nanoscale defects in alloys
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WFIER R OEE (330) : Dislocations in plastic-deformed metals induce crystal strain, and
domains developed by the arrays of the dislocations. When these crystal strain and domain
structures are observed by X-ray diffraction, peculiar shapes depending on the diffraction
order appear in the line profiles of the X-ray diffraction. In this study, we have developed
an X-ray diffraction apparatus optimized for the line profile analysis and have analyzed
microstructures of deformed metallic alloys such as iron-based and copper-based alloys by
using a recent theory on the line profiles. We have successfully analyzed the correlation
between dislocations and twinning induced plasticity, and the effects of dislocations on
aging precipitation.
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Fig. 1 Example of deconvolution of a structural
line profile from an observed line profile by
using Stokes method.
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Fig. 2 (a) Size coefficient of AS and (b) mean
square of lattice strain for the cold-rolled copper
alloy, which were estimated by the
Warren-Averbach procedure.
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Table 1 Crystallite size (D), mean square of lattice strain (<>

2) " dislocation density, and outer

cut-off radius of dislocation (R, ") of the cold-rolled copper alloy, which were estimated from different

analytical procedures.

Analytical procedure D/nm <>V | o pl10% m? R. /nm
Warren-Averbach method 24 0.15 2.4 3.0
Modified Williamson-Hall and

Warren-Averbach procedure 38 2.1 8.7
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Fig. 4 Stacking fault probability as a function of
the crystallite size for the sample A, B, and C.
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