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We participate to the project Graphene-Based Revolutions in ICT And Beyond, GRAPHENE, Grant
agreement number 604391CP-CSA, one of the most important initiatives in the European research.
Among participants there are 23 lItalian partners including research institutes, universities and
enterprises, with 16 new partners including Istituto Nazionale di Fisica Nucleare represented by the
NEXT group at LNF, led by Stefano Bellucci. Owing to the new partnerships the consortium binds
together more than 140 organizations from 23 Countries, with the common aim of transfering graphene
and related composite materials from academic laboratories to everyday applications.

The Graphene Flagship Project represents a European investment of 1 billion euro for the next decade
and is part of the Flaghship Initiatives for future emerging technologies (TEF) announced by the
European Commission in January 2013. Italy is already a leader in the development of important areas
of the Graphene Flagship Project, including research in composite materials and energy applications,
and it is involved in technology transfer and dissemination, as well. The participation of INFN is
focused on the realization of multi-layered sandwich graphene devices, within the workpackage of high
frequency applications. The NEXT group at LNF participates to the work package WP13 Functional
Foams and Coatings, and it is leader of the Task 13.3.6: Nanocomposite coatings for EMI
shielding (INFN).

Achievements

We thoroughly investigated the possibility to absorb most (i.e., up to more than 90%) of the incident
electro-magnetic radiations in thin multilayered PMMA/graphene structures, thus proposing the
technical realization of a device with an operational frequency range in the millimeter-wave domain,
1.e., 30 GHz-300 GHz. Our simulations demonstrate the concrete possibility to enhance the field
absorption by means of a selective removal and proper micro-pattering within the graphene material,
enabling a complete and efficient control of the graphene sheet conductance. This method is applied to
design and engineer a class of devices, endowed with a wideband operation capability, showing almost
no fluctuations throughout the whole range of mm-wave frequencies.

The high-resolution ultrasonic technique (impulse acoustic microscopy) was applied for observing the
bulk microstructure of nanocomposite coatings up to a few mm in thickness, up to a maximum
resolution of 1 micrometr in z-axis, with various types of carbon nanoparticles as filler, including
graphene nanoflakes, graphene nanoplatelets (GNP). It was shown that ultrasonic methods allowed us
to reveal the cluster architecture of the nanoparticle distribution and possible nonuniformity. A
pronounced tendency to form micrometer-sized fractal agglomerates was found for 2D carbon nano-
particles: nano flakes and nanoplatelets.

Results of broadband dielectric spectroscopy of epoxy resin composites containing GNP have been
presented in a wide temperature range (25-500 K). The as-produced composites were heated at
temperatures above the epoxy glass transition and subsequently cooled down to room temperature. This
annealing was proved to be a simple but powerful process to improve significantly the electromagnetic
properties of the GNP-based composites. The dc conductivity of epoxy filled with 4 wt% GNP is 68



times higher after annealing. Another benefit of the annealing is to lower substantially the percolation
threshold, from 2.3 wt% for as-produced samples to 1.4 wt%. In composites above the percolation
threshold, the electrical conductivity is the result of tunneling between GNP clusters. For a given GNP
concentration, the tunnel barrier decreases after annealing.

Among many outstanding properties of carbon-based interconnects, it is of great interest for
nanoelectronics applications, the possibility to have an electrical resistance almost insensitive to the
temperature increase. This behavior has been theoretically predicted and experimentally proven for
graphene nanoribbons, but only in controlled conditions, and for limited ranges of geometrical
dimensions and temperature. We demonstrated the possibility of observing such a desirable behavior in
graphene conductors, made by self-assembly of graphene flakes.

Plans

- Investigation of epoxy resins nanocomposites loaded with carbon nanostructures through solid
state NMR and nanoindentation.

- Removal of Non-Aqueous Liquid Phase from aqueous environment by graphene paper.

- Study of bilayer graphene/poly(methyl methacrylate) thin films by THz experimental
characterizations; development of and modelling and simulation for the same.

- Study of the consequences of ageing on the electromagnetic shielding properties of epoxy
composite loaded with graphene flakes

Interactions with other WPs, other projects

Collaboration with WP7 Electronic Devices (Polina Kuzhir)

Interaction with the EU-7th FP projects “NAmiceMC—Nano-thin and micro-sized carbons: Toward
electromagnetic compatibility application”, 2014-2017, and “FAEMCAR—Fundamental and Applied
Electromagnetics of Nano-Carbons”, 2013-2016.
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