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Abstract: Advanced composite materials (ACMs), particularly those reinforced with nanoparticles (NpRPCs), boast a
remarkable array of physical and chemical properties. The key to manufacturing high-performance nanocomposites
lies in precise control over several processing factors. These factors encompass ensuring uniform dispersion of nano-
particles, fostering effective molecular-level interactions between the matrix and fillers, and orchestrating nanoparticle
and polymer chain alignment. In this presentation, we delve into the intricacies of multilayer structures across various
scales, ranging from the nano to the macro. We focus on their profound impact on the processing-structure relation-
ship, with a particular emphasis on how nanoparticles assemble through different mechanisms. Our exploration en-
compasses both thermoplastic and thermoset polymer composites, as well as nanoparticles of diverse morphologies,
such as one-dimensional fibers, two-dimensional coatings, and three-dimensional architectures facilitated by cutting-
edge 3D printing technologies. We showcase a spectrum of applications, ranging from structural support systems and
thermal dissipation solutions to electrical conductors, plastics recycling processes, stimuli-responsive systems, and tis-
sue scaffolds. These applications hold immense promise in critical sectors such as national defense, space exploration,
energy storage, and advancements in human healthcare.
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