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Abstract: We investigated the characteristics of specimens produced using screw extrusion 3D printing with carbon fiber-
nylon composite pellets for potential application into rapid tooling and high strength application. From thermal analysis
on nylon66 material with 20 wt% carbon fiber, the thermal decomposition temperature, melting temperature, and crys-
tallization temperature are determined. Tensile test results for specimens obtained from the 3D printed single-layer wall
parts revealed that tensile strength and elastic modulus were proportional to the interface temperature. Notably, the inter-
face temperature below the crystallization temperature significantly decreased interfacial adhesion strength due to bead
surface crystallization. According to this crystallization behavior, the warpage of the printed part was minimized under
combined conditions of high extrusion temperature and low printing bed temperature. These findings contribute to defin-
ing a process window for the additive manufacturing of high-strength nylon composite.
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Figure 1. 3D printing apparatus.
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Figure 2. 3D printing geometry and specimen for tensile test and
warpage measurement.

Table 1. 3D Printing Parameter

251 (280/270/260)
263 (290/280/270)
273 (300/290/280)
290 (320/310/300)

Extrudate temperature (C)
(Temperature of metering/
compression/feed zone)

Layer time (s) 6,12, 18
Bed temperature (C) 50, 100
Printing speed (mm/s) 60
Layer thickness (mm) 1
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Figure 3. TGA measurement result.
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Figure 4. DSC measurement result of CF-PA66 at heat/cool rate of
20 C/min.
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Figure 5. (a) Rheometer measurement result of CF20-PA66; (b)
CF20-ABS; (c) complex viscosity and loss tangent (Tan(9)).
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Figure 6. (a) Image of section cut from 3D printed single box accord-
ing layer and extrudate temperature; (b) and failed bond surface of
90° specimens with layertime 12s.
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Figure 7. Tensile test results: (a) elastic modulus; (b) tensile strength; (c) fracture strain.
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