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Abstract: This paper systematically reviews the latest research progress in MOF encapsulation strategies ( such as
“ship-in-a-bottle” in-situ reduction and “bottle-around-ship” self-assembled coating) and carbon-based encapsulation
technologies (including laser-induced graphene synchronous synthesis, carbon nanotube confinement, and MOF-derived
carbon). It analyzes the mechanisms by which confined structures regulate the size of metal nanoparticles, optimize
electronic structures, and enhance interfacial interactions, and summarizes their latest application pathways in energy,
biomedicine ,and environmental remediation.
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