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Sizing Process of Continuous Carbon Fiber for 3D Printing

and Its Influence on the Properties of Composites
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Abstract: Continuous fiber reinforced thermoplastic composites ( CFRTPCs) by 3D printing technology can realize the
rapid manufacture of complex composite parts without mold and promote the practical application of additive manufacturing.
In order to further improve the service performance of 3D printed continuous carbon fiber reinforced composites, this paper a-
dopted thermoplastic sizing agent to size dry carbon fiber, and printed continuous carbon fiber reinforced composites with ny-
lon 6 (PA6) as the matrix, and compared the surface properties of carbon fiber before and after sizing and the mechanical
and interface properties of the composites. The results showed that the polar functional groups on the surface of sized carbon
fiber increased and the infiltration between fiber and resin improved. The surface roughness increased, and the mechanical
adhesion between fiber and resin increased. The interlaminar shear strength of the sized carbon fiber reinforced PA6 compos-
ites was 42. 2% higher than that of the non-sized carbon fiber reinforced; the interlaminar bonding was enhanced, the ben-
ding strength was improved by 82%, and the bending modulus was increased by 2. 46 times. By comparing and analyzing the
fracture microstructure of 3D printed composites, it is found that the fracture section of the sized carbon fiber reinforced com-
posites had obvious fiber pull out phenomenon, and the interface performance was significantly improved.
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Fig. 1 Schematic representation of 3D printing process for CFRTPCs!
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Fig. 2 Section SEM image of 3D printed carbon fiber/PLA composites
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Fig. 3 Schematic of sizing process of carbon fiber and preparation of composite materials
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Table 1 Parameters of 3D printing for CF/PA6 composites

Printing Hatch Layer
Feed rate, . .
Parameters temperature , F/(mm/min) spacing,  thickness,
17/°C H/mm L/mm
Value 250 150 0.3 1
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Fig. 4 3D printed specimens of CF/PA6 composites; (a) tensile prop-

erty test, (b) bending property test, (c¢) ILSS property test,

(d) impact property test
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Fig. 6 XPS spectra of the VCF and SCF
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Table 2 Contents of main elements of the VCF and SCF

Elements C1s/% 0 1s/% N 1s/%
VCF 82.11 17.38 0.5
SCF 83.16 9.46 7.38
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Fig. 7 AFM images of VCF (a) and SCF (b)
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Fig. 8 The short beam shear test results of 3D printed VCF/PA6 and SCF/PA6 composites: (a) interlaminar shear strength, (b) strain-stress curves
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Fig. 10 The fractured surface SEM images of 3D printed VCF/PA6 (a~c) and SCF/PA6 (d~f) composites
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