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Abstract:

Fused deposition modelling technique provides an economical platform to fabricate polymeric components. Any complex
geometry can be easily fabricated with this technology as per the computer-aided-design model. However, the materials
are limited for the process as compared with other polymer manufacturing techniques. The present papers present an
approach to form a composite material. The dielectric properties were extracted for the developed material and also
characterised using SEM and XRD techniques.

Introduction:

Additive manufacturing is a layer manufacturing technique which fabricates the desired part from bottom to top. The
application of AM is not limited to production of mechanical parts, but it has also spread its domain in the area of surgical
planning and biomedical implants. AM technology can be broadly classified based on their working principle as- Laser
sintering, Adhesion, Lithography and Extrusion 1-8]. However extrusion based AM technology like Fused Deposition
Modelling have an edge over others in terms of less material wastage, minimal post processing, safe and simple fabrication
process. Fused deposition modelling (FDM) builds objects directly from a three dimensional computer aided design (CAD)
models. The thermoplastic material is fed to the temperature controlled extrusion head, where it is heated to a semiliquid
state; the extrusion head then deposits the material on the build platform, one layer at a time [9-15]. Each layer is bonded
with the previous layer, as the temperature of the air surrounding the extrusion head is maintained below the melting
point of the material [2]. Figure 1 shows the schematic diagram of FDM process.

The material properties of the available polymers is limited which hinders the application of 3D printed parts [16-19]. The
present paper focuses on the extraction of dielectric properties of 3D printed parts via fused deposition modelling
technique. The polymer filament was coated with the nanoparticles of organically modified montmorillonite (OMMT).
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Figure 1 Schematic Diagram of FDM Process

Materials and Methods

Organically modified Montmorillonite (OMMT) was used for the preparation of nanocomposite with acrylonitrile
butadiene styrene (ABS). The nanocomposite was prepared by dip coating method. The ommt solution was prepared and

ABS filament was dip coated over it [20-27].

Results and discussions

Extraction of Dielectric Properties

The dielectric properties were extracted by fabricating microstrip tee resonator [28-29]. The effective permittivity was

calculated as follows:
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Increment in relative permittivity was observed for the nanocomposite along with the loss tangent (figure 3).
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Figure 2 S21 vs frequency plot for tee resonator
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Figure 3 relative permittivity and loss tangent

Material characterization

Scanning electron microscopy and X-ray diffraction were performed to characterize the nanocomposite. In the developed
nanocomposite the characteristic peak of nanoclay was reduced which can be an indication of possible exfoliation Figure

4.
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Figure 4 XRD of nanocomposite

The SEM images revealed the presence of nanoclay on the surface of the fabricated parts. Figure 5 shows the bright clay

particles in the SEM images.
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Figure 5 SEM image of nanocomposite

Conclusion

Microwave assisted ABS/OMMT nanocomposite was prepared for FDM process. The developed nanocomposite
demonstrated increment in relative permittivity along with the loss tangent. The XRD analysis and SEM analysis showed
evidence of formation of nanocomposite. The presented approach can be effectively used to coat the polymer filament

with nanoparticles in order to enhance their material properties.
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