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Graphene-polymer matrix composites (G-PMCs) are promising structural materials due to the exceptional properties of graphene.  Single-layer graphene has a Young’s modulus of 1 TPa and intrinsic strength of 130 GPa.  To harness these properties, graphene must be incorporated, uniformly distributed, and well-bonded with the surrounding polymer matrix.  However, graphite conversion to graphene is costly due to multiple steps required that typically involve toxic chemicals, low yields, and potential re-stacking, and currently, there is not a scalable method that produces large quantities of defect-free graphene.  Here, we demonstrate a general approach to produce G-PMCs using in situ shear exfoliation of graphite particles to create graphene nanoflakes directly within molten thermoplastic polymer, which provides strong graphene-matrix bonding, possibility for high graphene concentrations, and reduced materials costs.  Modulus enhancement of 300 – 500 % occurs for the nanocomposite due to graphite exfoliation, depending on the polymer matrix chemistry. This approach enables fabrication of a new class of lightweight, high performance PMCs with tunable, multifunctional properties; simple, versatile manufacturing; and low materials costs for military, aerospace, automotive, and infrastructure applications.
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