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Additive manufacturing coupled with nanotechnologies opens new possibilities and perspectives for application in the field of cultural
heritage, from the point of view of preservation, valorisation, communication, and fruition. Advantages of 3D printing technologies are related
to the possibility to easily create duplicates of damaged or loss part of artworks for integrative restoration. Employing nanomaterials for 3D
orinting Is a promising approach to obtain innovative and functionalized materials for the artworks element to be recreated.

n the framework of 3DH Solution project, granted by Regione Lazio, innovative nanocomposite materials suitable for 3D printing were
prepared and characterized. A commercial PLA filament was additivated with three different ceramic nanoparticles and printed specimens
were analysed against their mechanical and hydrophobic properties. TiO,, SIO, and SIC nanoparticles were synthetized by laser pyrolysis
technique while nano loaded filament was produced by a co-rotating twin-screw extruder.

Nanoparticles synthesis and nanocomposites production
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Silicon dioxide (SiO,) nanoparticles show hydrophobic |
properties that can be used to give super hydrophobicity Lol
to stone surfaces of monuments

Silicon carbide (SiC) nanomaterials show mechanical
properties that can be used for nanocomposites coatings
with high resistance to aggressive environments

Filament extrusion

Sample  Productivity Specific d Synthesized nanoparticles were used to produce three nanocomposites filament starting by

(8/h) surface area  (nm) commercial PLA and 3% w/w of SiO,, TiO, and SiC nanoparticles. Nanocomposites were

: (m?/g) manufactured using a Thermo Scientific co-rotating twin-screw extruder (Process 11) equipped

Tio, 11 107.3 13 with 11 mm screws diameter (ratio length/diameter:40) by a two-step process. In the first step

Si0, 12 221.7 10 nanopowders and PLA pellets were feed in the extruder and then the nanocomposite pellets were
SiC 58 75.7 25 used to produce the filament in the second process step.

Raw PLA and nanocomposites filaments were used for producing specimens by 3D-printing (by using 3D
printer RAISE3D Pro2 Plus) and their chemical and functional properties were tested.

Nanocomposites characterization

Chemical characterization Mechanical characterization

The tensile tests were realized with an MTS machine instrumented with a 100 kN load cell. A

) displacement control was applied with a quasi-static loading speed equal to 0.5 mm/min
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Water absorbtion tests ‘ ‘
Water absorption tests were carried out on printed specimens of commercial Contact angle measurement

PLA and three nanocomposites. For each exposure time , the percentage change

in mass (CIP) relative to the initial mass is calculated. . :
- The wettability properties of the
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