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FDM 3D Printing of Environmental Friendly and High Strength Bio-based
PC Filaments for Baby Toys
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Abstract: Due to the depletion of fossil oil and the increasing oil price, bio-plastic is currently topical. Bio-based plastics
are synthesized from plant resources, unlike conventional petroleum-based counterparts. Therefore, the former minimizes
global warming and reduces carbon dioxide emission. Fossil polycarbonate (PC)has good mechanical and optical properties,
but its synthesis requires bisphenol-A and phosgene gas, which are toxic to humans. To address these problems, the fused
deposition 3D printing process (hereafter, FDM) is studied using environmentally-friendly and high-strength bio-based PC.
A comparisonof the environmental impact and tensile strength of fossil PC versus bio-based PC is presented herein, demon-
strating that bio-based PC is more environmentally-friendly with higher tensile strength than fossil PC. The advantages of
bio-based PC are applied in the FDM process for the fabrication of environmentally-friendly baby toys.
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Figure 1. Schematic of FDM type 3D Printer.
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Figure 2. Molecular structure of (a) fossil PC and (b) bio-based
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Figure 3. Photos for filament of (a) fossil PC and (b) bio-based
PC.
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Figure 4. FDM 3D printer developed by KITECH.
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Table 1. Experimental Conditions of FDM Type 3D Printing.

Item Value
Nozzle temperature (°C) 270
Bed temperature (°C) 120
Layer height (mm) 0.2
Nozzle moving speed (mm/s) 80

Volume flow rate (mm?/s) 6.3812
Nozzle diameter 0.4
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——

(a) Toolpath of longitudinal direction

Toolpath

UL s

(b) Toolpath of transverse direction

Figure 5. Generated toolpaths of tensile specimens for (a)
longitudinal and (b) transverse directions.
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Figure 6. Comparison of biomass carbon about fossil PC and
bio-based PC.
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Figure 7. Stress-strain curve for longitudinal direction specimens.

Table 2. Experimental result for tensile strength of longitudinal
direction.

Table 3. Experimental result for tensile strength of transverse

direction.
. Young’s Tensile
Material Modulus (MPa) Strength (MPa)
Fossil PC 1192.36 24.28
Bio-based PC 1646.19 40.78

Material Young’s Tensile
Modulus (MPa) Strength (MPa)
Fossil PC 1292.62 49.62
Bio-based PC 1733.44 61.15
(a) Fossil PC

(b) Bio-based PC

Figure 8. Fracture specimen for longitudinal direction. (a) Fossil
PC and (b) Bio-based PC.
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Figure 9. Stress-strain curve for transverse direction specimens.
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Figure 10. Fracture specimen for transverse direction. (a) Fossil
PC and (b) Bio-based PC.
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Figure 11. Experimental results of tensile test.
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Figure 12. Block of baby toy using bio-based PC and FDM type
3D Printing. (a) Triangle, (b) Rectangle, (c) Circle and (d) Mesh
type egg.

Figure 13. Pillar structure of baby toy using bio-based PC and
FDM type 3D Printing.

Figure 14. Overall assembly shape for baby toy.
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