——

C = Vol. 35, No. 6, 463-468 (2022)

mposItes DOI: http://dx.doi.org/10.7234/composres.2022.35.6.463
Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

Paper

o ¥ M2 Rt M=o
5

Effect of Post-processing on Mechanical Properties of 3D Printed Carbon
Chopped Fiber Reinforced Composites

Jia-le Che*, Seung-Hwan Chang*’

ABSTRACT: The high porosity of the infill pattern of carbon chopped fiber-reinforced Nylon composite structures
fabricated by the fused filament fabrication (FFF) type 3D printers determines the mechanical performance of the
printed structures. This study experimentally evaluated the mechanical performance of Onyx composite specimens
fabricated with a rectangular infill structure under the hot-pressing condition to improve the mechanical properties by
reducing the porosity of the infill pattern of the printed structure, and evaluated the best mechanical performance.
The hot-pressing conditions (145°C, 4 MPa, 12 min) that induce the most appropriate mechanical properties were
found. As a result of microscopic observation, it was confirmed that the infill porosity of the composite specimens
subjected to post hot-pressing treatment was effectively reduced. In order to confirm the mechanical performance of
the post-treated specimen, a tensile test and a three-point bending test were performed with a control specimen
without post-treatment and a specimen printed with the same density and dimensions after post-treatment to evaluate
the mechanical properties. As a result of comparison, it was confirmed that the mechanical properties were effectively
improved when the post-treatment of hot-pressing was performed.
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Table 1. Infill patterns for the printed structures

Pattern structure Density Material Layer
(%)  |consumption (cm?)|thickness (mm)
28~55 2.73~3.27 0.1
Triangular fill
18~62 2.31~2.46 0.1
Hexagonal fill
1.77~4.23
0~92 D (46%): 3.13 0.1
D (62%): 3.56
Rectangular fill (62%)
b: 12mm

L: 120mm

1: 3num or dmm
Density {3mm): 62%
Density (4mm): 46%

L

3D printed specimens

Rectangular Fill

Fig. 1. 3D Printing details; 3D printed specimens and the rect-
angular infill pattern
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Table 2. Material properties of Onyx filaments[26]

Property Onyx Nylon
Tensile strength (MPa) 36 54
Tensile Modulus (GPa) 14 0.94
Tensile Strain at Break (%) 58 260
Flexural Strength (MPa) 81 32
Flexural Modulus (GPa) 2.9 0.84
Heat Deflection Temperature(°C) 145 44-55
Density (g/cm?) 1.18 1.10

Hot-pressing mold

(a)
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Fig. 2. Hot-pressing process; (a) the mold for forming of speci-
mens, (b) forming cycle
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Fig. 3. Microscopic observation of the 3D printed specimens;
(a) before and (b) after the post treatment (Hot-pressing)
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Fig. 4. Stress-strain relationships for the tensile test
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