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Abstract:

Metallurgy is frequently regarded as incompatible with environmental sustainability because of
its carbon-intensive production. This perception is incomplete. Metals and Alloys underpin
modern infrastructure, transportation, energy systems, and manufacturing, and any realistic
strategy toward net-zero carbon emission by 2050 must therefore account for their continued and
essential use.

This presentation explores a metallurgical renaissance aimed at enabling a future society with net-
zero carbon emissions. It first introduces a strong, ductile, and lightweight steel achieved through
dual nanoscale ordering, an innovative microstructural design that supports the development of
green products by reducing material usage and associated carbon emissions. It then presents a
novel aging strategy in aluminum alloy—double aging—which enables effective paint-bake
hardening while significantly shortening the aging period, thereby improving processing
efficiency. The third topic reveals the unique internal microstructure of electrowon iron,
demonstrating exceptionally high strength and highlighting new opportunities for sustainable
production routes. These advances contribute to both green products, green processes, and green
applications that are essential for reducing carbon emissions. In conclusion, metallurgy should not
be regarded as an obstacle to sustainability, but rather as a material system capable of continuous
reinvention; a rigorous and forward-looking metallurgical approach is indispensable if structural
alloys are to contribute effectively and credibly to achieving net-zero carbon emissions by 2050.
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