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GRAPHENE FILMS FOR SENSING APPLICATIONS
Thin films based on 2D nanostructured materials like graphene have been successfully proposed for
realizing novel sensors, because of their outstanding mechanical, thermal and electrical behavior.
Industrial-grade graphene materials have also been investigated.

Nanomembranes as sensing elements for environmental monitoring

Nanomembranes fabrication techniques
 Chemical Vapor Deposition
 Pyrolysis method

AFM images of the membranes realized with 2D
materials: (a) PyC; (b) PyC with potential skin; (c) PPF;
(d) PPF with potential skin; (e) PPF+Ni; (f) PPF+Ni with
potential skin; (g) MLG; (h) MLG with potential skin.
Scan size is 4 µm. The. The scale ratio of Z axis versus X
and Y axes is in real coordinates.

Nanomembranes characterization

Nanomembrane integration in the test devices Nanomembrane electrical impedance

Time instant at which the 
water is dropped

R and X instantaneously change after the 
polluted water is dropped

Electro-chemical applications: nanomembranes as environmental sensors

Sensing materials
 Graphitized Pyrolyzed Photoresist Film + Ni
 Multilayer Graphene with Ni buffer
 Carbon nanotubes, Graphene Nanoplatelets

Electrical impedance spectroscopy

 The time-domain responses clearly show the sensitivity to the pollutant, hence suggesting a possible detection strategy
based on monitoring their variations in time domain. However, an alternative detection approach can be used, given the
clear difference in the frequency spread observed in the values of R and X, after and before the pollutant adsorption.

 The innovative use of Gramian angular field transformations to transform suitable RGB image data from voltammetry tests
enables the possibility to classify the pollutants with a machine learning approach.
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