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	Research Results　※Please describe following three items briefly.
【The major results】
The major results obtained in the first year of this research successfully demonstrated the feasibility of achieving simultaneous high strength and high ductility in aluminum alloys through heterogeneous precipitation hardening. Nanolayered composites of precipitation-hardenable A7075 and non-precipitation-hardenable A1100 were fabricated by high-pressure torsion processing, resulting in well-bonded interfaces with layer spacings of 50–200 nanometers. In addition, aluminum-copper powder mixtures with copper concentrations of one, one point five, and two atomic percent were processed by high-pressure torsion, and it was found that one hundred rotations produced a heterogeneous distribution of aluminum-copper intermetallic compounds, while one thousand rotations led to a homogeneous distribution. Tensile testing revealed that the heterogeneously distributed microstructure achieved comparable strength to the homogeneously distributed counterpart but exhibited approximately one point five times higher elongation to failure, clearly overcoming the classical strength-ductility trade-off. Detailed microstructural analysis using transmission electron microscopy and electron backscatter diffraction further indicated that the heterogeneous precipitate distribution promotes more uniform dislocation accumulation and strain partitioning, which delays localized deformation and fracture.

【Future Prospects】
Future prospects for the second year and beyond focus on elucidating the fundamental micromechanical mechanisms underlying the observed strength-ductility synergy, as outlined in the new FY2026 joint research proposal with Professor Yoji Mine at Kumamoto University. Systematic mechanical testing will be conducted on the optimized heterogeneously distributed aluminum-copper and A7075/A1100 systems, including tensile tests at various strain rates and temperatures, compression tests, and fatigue tests. Critically, micromechanical testing such as micro-bending, micro-compression, and micro-tensile tests will be performed at Kumamoto University to directly probe dislocation-precipitate interactions at the relevant length scales. Advanced microstructural characterization will be carried out using transmission electron microscopy to observe dislocation-precipitate interactions, atom probe tomography to quantify nanoscale chemical gradients at precipitate interfaces, and electron backscatter diffraction to map local strain distributions. These results will be correlated to establish a qualitative and semi-quantitative model that explains how heterogeneous precipitate distribution enhances both strength and ductility. Based on these findings, the following year will aim to propose new alloy design guidelines and prototype compositions and processes that realize the optimal degree of heterogeneity for industrial applications, with particular attention to transportation-related structural components.

【Concrete results】
There have been no publications or presentations from these experiments so far, but we are preparing two papers at the moment, and will give a presentation at the JIMM spring meeting
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