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Abstract: High-strength and high-conductivity aluminum alloys are widely used in the fields of power, aerospace,
and transportation due to their excellent properties. This review summarizes the strengthening mechanisms of high-
strength and high-conductivity aluminum alloys, the influencing factors of their electrical and thermal conductivity,
and the current research status of different alloy systems. It is found through investigation that the strengthening of
aluminum alloys requires the introduction of lattice defects to hinder the movement of dislocations, but these defects will
intensify electron scattering and reduce electrical and thermal conductivities. Fine-tuning the micro-defects is the key to
reconciling contradiction between the two. Traditional Al-Mg-Si series and Al-Zr(-Sc) series alloys can achieve a balance
between strength and electrical conductivity by precisely controlling the composition and precipitated phases; AI-RE
series and Al-graphene/CNTs composites break through the performance bottleneck through interface engineering,
significantly enhancing strength while controlling the loss of electrical conductivity. In addition, processes such as
heat treatment and plastic deformation play a decisive role in the alloy's performance. Multi-level thermomechanical
treatment can effectively coordinate strength and electrical conductivity, and machine learning provides new paths for
process optimization and new material development.

Key words: aluminum alloy; high-strength and high-conductivity; lattice defects; interface engineering; thermal
mechanical treatment; machine learning
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Fig. 1 Schematic diagram of the grain design concept for breaking the
trade-off relation between strength and electrical conductivity
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Fig. 2 Schematic diagram illustrating the process of constructing the quantitative model for calculating the electrical conductivity of

fine-long shaped grains
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Tab. 1 Performance comparison of different aluminum alloy systems and processing methods
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Fig. 6 STEM images and EDS mapping of the different alloys after DMA temperature scanning from 50 to 500 °C
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