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Introduction Results and Discussion

Additive manufacturing, also known as 3D printing, represents a revolutionary = o = —
approach to production, enabling complex designs and reducing material waste, . Eung (a) y 2::2 (b)
. . e . . . . U n U
which positions 1t as a key player in sustainable manufacturing for the future. four % Run 4
Amgng its Variogs. technolog.ies, Fused Gran.ular. Fabricqtion .(FGF) emerges as Z 1s- _2:2: Z 1s- 2:::
particularly promising for environmental sustainability, as 1t facilitates the reuse of iy Run 7 . Run 7
. . . . . . © Run 8 3] Run 8
plastic waste, converting 1t into new products and thus promoting a circular L T o //1 9 et ///
economy. This process not only diverts plastic waste from landfills but also reduces ordl j [ IS
the need for virgin materials, making it a crucial tool in combating plastic pollution. 0.5- il 0.5- e
However, current literature reveals a significant gap in research on the use of
recycled plastics specifically in FGF, highlighting an area ripe for exploration. W~ 2 ¢ & & & & & W ST"FT1" 1 7 "% I =
Displacement (mm) Displacement (mm)

Fig. 6 Load vs displacement of 3D-printed (a) rPET and (b) rPETG at different printing parameters
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Fig. 1 (a) Gigabot X2 - FGF printer (b) FGF printed spiral vase
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Fig. 7 Main effect plots for the tensile strength of (a) rPET and (b) rPETG

The aim of this study 1s to analyse the influences of FGF printing parameters on
mechanical properties of FGF printed rPET and rPETG materials. The design of
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experiments (DOE) was performed considering the key FGF printing parameters 45 ] * Samplel  —e— Average experimental strength ] : Sample 1 —&— Average experimental strength
. . . B} ® Sample 2 — i — Upper predicted Strength 70 — Sample 2 —0— Upper predictEd Stl’ength
such as layer thickness, infill density and number of contours. Subsequent g0 B SamPES S icwerpriteusiendth | 4 sample3  —o— Lower predicted strength
experimental studies delve into the effects of these printing parameters on tensile é ag] " Sampled é’ 604 W Sample4
properties, guided by the outcomes of the DOE. To further assess the tensile = = 504
properties, the study evaluates the influence of interlayer bonding on the printed o s J A = . A3
4 () -] @ —]
parts through finite element-based multiscale modelling. The fracture morphology s ”o 5 = o n
i e . | *
and alterations in the chemical structure of post-3D printed products are observed 2 // A " : = 30 N/
15 - '
using Scanning Electron Microscopy (SEM). This research provides valuable E . o = E 20 - .
. : : : .. A : : 10 - & ]
insights into the optimal processing conditions necessary for achieving high-quality - 104
3D-printed parts using the FGF technique. R .
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Fig. 8 Experimental and predicted modelling results for 3D printed (a) rPET and (b) rPETG

Parameter No. Of levels Level 1 Level 2 Level 3
Layer thickness (mm) 3 1.0 1.1 1.2
Infill density (%) 3 40 70 100
Number of contours 3 1 2 3
Raster angle (°) — +45° +45° +45°
Printing speed (imm/min) — 1800 1800 1800
Nozzle diameter (mm) — 1.75 1.75 1.75
Bed temperature (°C) - 60 60 60

Fig. 2 FGF process parameters and corresponding levels used in DOE for rPET and rPETG

o A - Fig. 9 SEM images of the side (a and b) and fracture surfaces at intersections of multiple layers (¢
5 ir voids

/\ - & | and) of rPET and rPETG, respectively
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Conclusions

In this study, the effects of FGF printing parameters on the tensile strength of the FGF-
prmted rPET and rPETG were studied:

500 um  The maximum tensile strength of 26.4 MPa for rPET was achieved with a layer
thickness of 1.1 mm, an infill density of 70%, and 3 contours.
Fig. 3 FGF printed samples (a) rPET and Fig. 4 SEM image of the 3D-printed rPETG  The maximum tensile strength of 44.8 MPa for rPETG was attained at 1.2 mm layer
(b) rPETG with 407 (left), 70% (middle) specimen with 1.2 mm layer thickness, 100% thickness, a 100% infill density, and 2 contours.
and 100% (right) infill percentages ' - ’
o (right) infill p 5 infill and 3 contours * The mesoscale modelling approach effectively established the upper and lower bounds

of tensile strength for both rPETG and rPET.

* The fracture surface characteristics of both rPET and rPETG exhibited typical brittle
fracture behaviour.

* No indications of voids are observed on the fracture surfaces of both rPET and rPETG,

demonstrating the excellent quality of the 3D-printed specimens produced through the
FGF method.
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