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/ Sustainable Nanomaterial Manufacturing via Non-Equilibrium Reaction Fields
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/ This technology is a materials processing approach for the efficient fabrication of nanomaterials by utilizing
external fields such as ultrasonic cavitation and microwave irradiation to create non-equilibrium reaction
environments in liquids or at solid—liquid interfaces. In these non-equilibrium reaction environments, localized
high-energy states are generated transiently. As a result, nanomaterials can be synthesized under environmentally
benign conditions without the need for conventional high-temperature thermal processing.
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/ (1)Low-temperature and energy-efficient process: fabrication without conventional high-temperature processing,
Utilization of non-equilibrium reaction fields: material synthesis using ultrasound, microwaves, and other fields
(2)Nanostructure control: control of particle size, morphology, and interfaces (3)Broad applicability: metallic
nanoparticles, oxide nanomaterials, functional nanocomposites
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energy consumption and simplifies materials fabrication processes. It contributes to sustainable manufacturing by
lowering CO- emissions and improving resource efficiency. This technology can also convert metal resources and
by-products into functional nanomaterials, enabling resource recycling and waste utilization within a circular
materials processing framework.
*ﬁﬁﬂqﬁ / Potential Applications
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materials, catalysts, energy materials, functional nanomaterials, and conductive materials.
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