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	Research Results　※Please describe following three items briefly.
Main Results and Discussion
• Cold rolling prior to aging was found to accelerate the precipitation process in Al-Mg-Ge-Cu alloys, leading to a more rapid increase in hardness during the early stages of aging.
• Microstructural observations suggested that deformation-induced defects, such as dislocations, contribute to the formation and distribution of precipitates. Ongoing TEM investigations are being conducted to clarify their role in precipitation nucleation and growth.
• The combined effect of cold deformation and aging treatment resulted in a refined precipitate structure and improved hardness compared with non-deformed specimens.
• Preliminary results indicate that thermo-mechanical processing can effectively modify precipitation behavior and may provide a useful approach for optimizing the mechanical properties of Ge-containing aluminum alloys.
Conclusion
This study examined the influence of cold rolling on the precipitation behavior of Al-Mg-Ge-Cu alloys during subsequent aging treatment. Cold deformation enhanced age-hardening and altered precipitate evolution through the introduction of deformation defects. Further microstructural characterization, particularly by transmission electron microscopy, is underway to elucidate the relationship between dislocation structures and precipitation mechanisms. The results obtained so far demonstrate the potential of thermo-mechanical processing for controlling microstructure and improving the performance of Ge-based aluminum alloys.
【Future Prospects】
The present study has demonstrated that cold rolling prior to aging substantially influences the precipitation behavior and age-hardening response of Al-Mg-Ge-Cu alloys. Based on these findings, future work will focus on clarifying the relationship between deformation-induced defects and precipitate evolution during aging.
Particular attention will be given to the characterization of precipitate structures and their interaction with dislocations by means of advanced transmission electron microscopy (TEM), including high-resolution STEM and STEM-EDS analyses. These investigations will provide detailed information on precipitate morphology, crystal structure, and solute partitioning at the nanoscale.
In addition, the effects of processing parameters, such as rolling reduction and aging conditions, will be systematically examined to establish microstructure–property relationships and to identify processing routes that maximize strengthening efficiency.
Furthermore, the obtained experimental results will be utilized to develop a better understanding of precipitation mechanisms in Ge-containing aluminum alloys and to provide guidelines for the design of high-strength and thermally stable aluminum alloys. Through these efforts, this research is expected to contribute to the development of next-generation lightweight structural materials with improved mechanical performance.

【Concrete results】
　●Publication
●: Development of Aluminum Alloy Anodes for Al-Air Batteries via Severe Plastic Deformation 
at the 11th ILM International Seminar and the 11th CAMRIC Forum (Center for Advanced Materials Research and International Collaboration), held online by the University of Toyama during the 25th Light Metals International Workshop by JILM
●先進アルミニウム国際研究センター第4回 先進軽金属材料研究集会演題：“Microstructural Refinement of Recycled-Graded Aluminum Alloys by Severe Plastic Deformation” 2026/03/04
　●International conference presentation
●Invited lecture : A lecture to graduate students as part of the Global Engineering Lecture Series 
On 9 December 2025 at University of Toyama
　●Award
　●Acquired external funds 　　etc.
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