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The strength of Cu-Ni-Si alloy can be improved by finely dispersing a Ni-Si precipitate into the Cu matrix by heat treatment. To investigate
the strengthening effect of the precipitate, quantitative evaluation of the size distribution and dispersion state is necessary. In this work, we
utilized small-angle X-ray scattering (SAXS), small-angle neutron scattering (SANS), and atom probe tomography (APT) to analyze Ni-Si
precipitates in Cu-Ni-Si alloys with different Si contents. The APT results revealed two types of diffusion layers at the interface between the
Cu matrix and the precipitated phases. Curve fitting of the SAXS and SANS profiles showed that the ratio of the minor axis to the major axis
of the precipitates decreased with an increase in aging temperature, and the shape changed from spherical to ellipsoidal. The major axis radius
of the precipitates determined by SAXS was measured to be larger than the major axis radius measured by SANS. This is due to the influence

of the diffusion layer observed in the APT analysis.
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Table 1 Samples

Ni (mass%) | Si(mass%) | Ni/Si(mol%)
Sample A 2.6 0.6 1.9
Sample B 2.6 14 0.9
Sample C 2.6 2.8 0.4
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Fig.1 Schematic illustrations of (a) conventional straight-flight
path APT and (b) newly designed APT (AMETEK’s Invizo
6000). The analyzed volume (i.e., field of view) of the
conventional straight-flight path APT is limited to only the core
region of the needle-shaped specimen, while in contrast, the
latest APT equipped with an electric lens enables a much larger
field of view encompassing the entire needle. Note that details
of the local electrode, counter electrodes, and lens are omitted
here.
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Fig.2 3D atom maps of Ni and Si. The NiSi precipitates are
visualized with iso-concentration-surfaces of Ni = 40at%
(green) and Si =20at% (red). The field of view (x, y) of this data
is larger than 120x120 nm.
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Fig.3 (a) Example of a typical NiSi precipitate. (b) 1D
compositional profile along the arrow drawn in (). The cylinder
size for the 1D profile was a diameter of 10 nm. Note that 3—
4at% of Si was soluted in the alloy’s matrix.
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Fig. 4 SAXS profiles of the copper alloys. (a) sample A (b)
sample B (c) sample C.
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Fig. 5 SAXS profiles of the copper alloys.
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Fig. 6 SANS profiles of the copper alloys. (a) sample A (b)
sample B (c) sample C.
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Fig. 7 SANS profiles of the copper alloys.
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Fig. 8 SANS profile and its fitting profile of the copper alloy.
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