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Abstract

The exception stiffness and strength of graphene makes it a promising reinforcement in 
structural polymer composite materials [1].  We have studied the micromechanics of such 
graphene composites using Raman spectroscopy to map the strain in model composite 
systems comprising of single graphene flakes [2,3,4].  We have previously shown that the 
graphene behavior can be modelled using conventional composite theory despite being 
an atomic layer. For example, graphene follows the shear lag theory for short fibers, with 
a critical minimum flake length of 3 microns being required for good reinforcement.  We 
have also shown that the modulus of graphene flakes reduces with the thickness of the 
flake due to poor internal stress transfer between the graphene layers [5]. 

We have now transferred these design rules for graphene composites to bulk systems 
produced by solvent casting (PVOH-graphene composites, [6]), twin screw compounding 
(PMMA-graphene [7,8]) and hot curing (e.g. epoxy-graphene). We have explored the role 
of polymer-graphene interface on the properties of these composites through using 
different surface functionalities on the graphene flakes.  The role of flake length has also 
been studied by using few layer graphene with controlled lengths from 100 nm to 20 
micron.  The 20 micron few layer flakes show particular promise as they are long enough 
to give good reinforcement, yet do not aggregate at high loadings (> 10 vol%).  
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