Effective reinforcemenT IN GRAPHite Nanoplatelets biomimetic films
Fabrizia Cilentoa, Alfonso Martone*b, Maria Giovanna Pastore Carbonec, 
Michele Giordanoa, Francesco Bertocchid, Costas Galiotisc
a Department of Chemical, Materials and Production Engineering, University of Naples Federico II, Napoli, Italy P.le Tecchio, 80125 Naples, Italy
b CNR-IPCB, Institute of Polymers, Composite and Biomaterials, Consiglio Nazionale delle Ricerche, P.le E Fermi, 80055 Portici (Naples), Italy 
c Foundation of Research and Technology Hellas, Institute of Chemical Engineering Sciences (FORTH/ICEHT), Stadiou Str., P.O. Box 1414, Rio-Patras, Greece;
d Jaber Innovation srl, Rome, Italy
*corresponding author: alfonso.martone@cnr.it 
Freestanding paper-like materials base on nanoscale lamellar fillers have attracted extensive interest thank to their intrinsic properties. In fact, such class of materials borrows specific properties from the two dimensional (2D) nano-filler together with special features related to the material architecture[1–3].  The challenge is then to retain at the macroscale the properties of the filler. In the case of lamellar fillers, paper-like structures allow to reproduce, on the macroscopic scale, the behaviour of the nanoscale reinforcement.  Due to its multifunctional properties, graphene based two-dimensional sheets are ideal candidate for developing protective layers, chemical filters, adhesive layers, flexible sensing and energy devices, and wearable electronics[4,5]. The inner architecture of nacre-like composites is quite different respect to the conventional paper-like composites. Main differences between the two architecture are the porosity, i.e. bucky papers possess connected micro porosity, and a lower degree of in-plane oriented nanoplatelets [7].
In the present work, layered nanocomposite films replicating the structure of nacre have been manufactured at different filler content (50–90%wt). Morphology of the samples have been investigated by scanning electron microscopy. Tensile tests have been carried out on samples for measuring the effect of the polymer amount on the composite. The elastic modulus linearly increases for vf < 60%. At higher filler content, there is a drop of efficiency due to poor stress transfer between particles and matrix. Similarly, the strength of the material reaches a maximum for vf =53%. Mechanical data showed a reduction in effective reinforcement at high filler content, probably related to the reduced interphase. 
Coupons showed a well aligned inner structure at each resin content, however the effective performances depend on the capability of stress transfer between brick and mortar. It has been investigated through Raman spectroscopy monitoring the 2D peak position (⁓ 2635 cm-1) of GNPs while the samples are stretched. 
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Figure 1. SEM Fracture surface (70/30 %w/w) (a); Young Modulus vs filler content (b)
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