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ABSTRACT

In this thesis, the synthesis of carbon nanomaterials and their incorporation into polymer
matrices for the production of filaments of fixed cressction with final application in three
dimensional (3D) printing was studied. ™empeof the presentreseach is toinvestigatethe
effect of carbon nanomaterials on the thermal and electrical conductivity of nanocomposite
filaments and to evaluate the setiealing and selfensingcapability.

The synthesis of nanomaterials focusedtba production ofsufficent amounts of carbon
nanotubes (CNTs) and graphene derivatieeklitivesknown for their remarkable electrical
and thermal properties. In particular, two types of carbon nanotubes were produced via
chemical vapor deposition (high and lopurity), as wellas graphene by chemical and
electrochemical process, which were subsequently characterized by Scanning Electron
Microscopy (SEM),-Day Scattering Spectroscopy (EDXjay Diffraction (XRD) and Raman
Spectroscopy (RAMAN). Emphasis was placegacalinghe production of thematerialsin
order to usethem in melt-extrusion process as a method of mixing and filament production,
which is a serAndustrial scale process.

Thermoplastic polyurethane (TPU) and polyamide 12 (PA12) were selectedyasepo
matrices.To evaluate and compare the properties of the prepared polymer hanocomposite
mixtures a comparison with commercial polymer nanocomposites was perfornhied.
addition, primary polymer matrices as well as recycled were examiRegpectivly, for the
purposes of comparirg and evaluatig the properties of the produced nanocomposites,
available commercial nanocomposites reinforced with CNTs and nanocomposites prepared
with commercial CNTs were examined. For all of the above nanocompositgsesanere
prepared at additive contents of-15 - 10 - 15% w/w, obtained by diluting a am mixture at

20% w/w for each additive.

The aim of themelt-extrusionprocess was to produddamentsof a constant diameter (1,75

FE AIMA YYO0 I Yleihgaiawimateri@ ot fliedri BisedDEpositionModeling
(FDM). A PRUSA typeme-made3D printer was used tfabricatea pair of circulaspecimens

of 25 mm diameter and 5 mm thiakss The printed specimens were then studied for their
thermal and eletrical conductivity. The nanocomposites (TPU and PA12) with 10% and 15%
wt. content of CNTs (commercial and laboratory) showed twice the thermal conductivity value
of the reference samples (without the addition of carbon nanostructures). In contrast,
nano®mposites with graphenéllers showed slight improvements in thermal conductivity.

To evaluate the electrical conductivity, in addition to the twoe method,the analysis of
Dielectric Relaxation SpectroscofpRS) was performed to draw more represeiviat
conclusions. In particular, the printed specimens of the highest content (15% w/w) were
properly prepared and analyzed by DR&allely, to examine the effect of the 3D printing
fabrication method on electrical conductivity, circular specimens weepgred by injection
moulding and also analyzed by DRS. The results of the DRS measurements showed that the
highest electrical conductivity value was exhibited by the PA12 nanocomposite with 15% w/w
CNTs. As the samples prepared by injection mouldingatidhow higher conductivity values

than their 3D printed counterparts, it indicatedthat the measured electrical conductivity

value is a characteristic of the nanocompaosite material.



As the electrical conductivity of the nanocomposites was not sufficien perform
electromechanical measurements, this research did not extend to examining thsesesihg

ability, but focused on the selfealing ability of the nanocomposites in fiber form. This

particular ability was identified in commercial TBaksed andPAl2based fibers with 10%

w/w CNTs. By the experimental method applied and through SEM analysis, was revealed the
FoAfAdGe 2F GKS YFGSNARIE G2 o06S FtotS G2 KSIFt Ay
application of potential difference.

The overalktudy is considered interesting for further investigatigrith more emphasis on

the effect of each experimental stage of the overall process to successfully develop self

healing and sel§ensingcapability, with the ultimate goal of producing multifurmtial
structures.

Keywords:

Nanocompasites, carbon nanotubes, graphgoaymers, extrusion, 3D printing, self
sensingselthealing
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