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Abstract: Material extrusion (ME)-type printing is the most popular among the 3D printing processes because it is easy
to operate, economical, and can be performed for a variety of materials. In this study, the cross-section morphology of
a ME-type 3D printing manufactured specimen was observed, and the relationship between cross-section morphology and
deposition strength was analyzed. The materials used in this study were acrylonitrile-butadien-styrene (ABS), polylactic
acid (PLA), and polycarbonate (PC), and the cross-section morphology for various nozzle temperatures was observed
using an optical microscope and a scanning electron microscope. The cross-section morphology of a 3D printing man-
ufactured specimen consisted of vertical and horizontal neck lengths, which were the interfaces between roads and air
holes, where the roads were unoccupied regions. It was observed that the neck length and air hole density were dependent
on the nozzle temperature and material property. The lowest and the highest air hole density were observed in the PLA
and ABS specimen, respectively. Neck length and air hole density were directly related to nozzle temperature. A higher
nozzle temperature provided a longer neck length and a lower air hole density. The deposition strength increased as the
neck length increased, and the air hole density decreased.

Keywords: material extrusion-type, 3D printing, air hole density, neck length, deposition strength.
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Figure 1. Schematic drawing of the cross-section of a ME-type 3D
printing manufactured article.

Table 1. Information about the Material Used in this Study
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Glass transition

Material Grade Supplier temperature (°C) Composition
ABS General ABS POLYLAC PA-757 CHIMEI (China) 103.58 ABS
PLA Ingeo™ biopolymer 4032D Natural Works (USA) 64.61 PLA
PC-24 3DP-EM3A24R15BK Samyang Co. (S. Korea) 149.60 Fossil-PC+Bio-PC
PC-26 3DP-EM3A26R15BK Samyang Co. (S. Korea) 145.95 Fossil-PC+Bio-PC
PC-27 3DP-EM3A27R15BK Samyang Co. (S. Korea) 120.03 Fossil-PC+Bio-PC
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Figure 2. Dimension of the tensile specimen used in this study
(ASTM D638 Type ).
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@ Indentation by knife @ Fracture by hands

Table 2. Operational Condition of ME-type 3D Printing

Item Value
Chamber temperature 25 °C (Atmosphere)
Bed temperature 90~120 °C
Nozzle temperature 200~275 °C
Nozzle diameter 0.4 mm
Nozzle speed 80 mm/s
Layer height 0.2 mm

Table 3. Temperature Setting for ME-type 3D Printing

Material Nozzle temperature (°C) Bed temperature (°C)
ABS 210, 230, 250 120
PLA 200, 220, 240 90

PC-24 255, 265, 275 120

PC-26 255, 265, 275 120

PC-27 245, 260, 275 120

(@ Observation using optical microscope or SEM

(a) Simple fracture
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2
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@ Indentation by knife

SR

@ Fracture by hands

@ Observation using optical microscope or SEM

(b) Fracture after cooling in the refrigerator
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Figure 3. Various methods tried in this study for the fracturing of the specimen fabricated by ME-type 3D printing.
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(a) Simple fracture (b) Fracture after cooling (c) Fracture after cooling
in the refrigerator using dry ice

P

Figure 4. Fractured ABS specimen fabricated by ME-type 3D print-
ing at a nozzle temperature of 250 °C.
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Figure 5. Optical micrograph of the fractured surface of the ABS
specimen fabricated by ME-type 3D printing at various nozzle tem-
peratures (x100).

(a) Simple fracture

(b) Fracture after cooling (c) Fracture after cooling
in the refrigerator using dry ice

Figure 6. Fractured PLA specimen fabricated by ME-type 3D print-
ing at a nozzle temperature of 240 °C.
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Figure 7. Optical micrograph of the fractured surface of the PLA
specimen fabricated by ME-type 3D printing at various nozzle tem-
peratures (x100).
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Figure 8. Fractured PC-24 specimen fabricated by ME-type 3D
printing at various nozzle temperatures after cooling using liquid
nitrogen.
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(a) 255°C (b) 265°C (¢) 275°C

Figure 9. Fractured PC-26 specimen fabricated by ME-type 3D
printing at various nozzle temperatures after cooling using liquid
nitrogen.

(a) Fracture after cooling in the refrigerator

(b) Fracture after cooling using liquid nitrogen

Figure 10. Optical micrograph of the fractured surface of the PC-
26 specimen fabricated by ME-type 3D printing at a nozzle tem-
perature of 275 °C (x100).
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(a) 245°C (b) 260°C (¢)275°C

Figure 11. Fractured PC-27 specimen fabricated by ME-type 3D
printing at various nozzle temperatures after cooling using liquid
nitrogen.

(b) 260°C (¢)275°C

Figure 12. Optical micrograph of the fractured surface of the PC-
27 specimen fabricated by ME-type 3D printing at various nozzle
temperatures (x100).

(a) 245 °C
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(a) SEM (x100) of the specimen fabricated at 210 °C,
230°C, and 250 °C from left to right

(b) Optical micrograph (x100) of the specimen fabricated
at 210°C, 230°C, and 250 °C from left to right

Figure 13. Comparison of the fractured surface of the ABS spec-
imen fabricated by ME-type 3D printing.
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Figure 14. Photograph of the fractured surface of the ABS specimen after image processing and the statistical data for this specimen (x100).
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Figure 15. Relationship between deposition strength and cross-section morphology of the ABS specimen fabricated by ME-type 3D printing.
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(a) SEM (x100) photo of the specimen fabricated at 200 °C,
220°C, and 240 °C from left to right

(b) Optical micrograph (x100) of the specimen fabricated at
200 °C, 220 °C, and 240 °C from left to right

Figure 16. Comparison of the fractured surface of the PLA spec-
imen fabricated by ME-type 3D printing (x100).
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Figure 17. Photograph of the fractured surface of the PLA specimen after image processing and the statistical data of this specimen (x100).
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Figure 18. Relationship between deposition strength and cross-section morphology of the PLA specimen fabricated by ME-type 3D printing.
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(a) SEM (x100) of the specimen fabricated at 245 °C, 260 °C,
and 275 °C from left to right

(b) Optical micrograph (x100) of the specimen fabricated at
245 °C, 260 °C, and 275 °C from left to right

Figure 19. Comparison of the fractured surface of the PC-27 spec-
imen fabricated by ME-type 3D printing (x100).
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(b) 260°C
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Figure 20. Photograph of the fractured surface of the PC-27 specimen after image processing and the statistical data of this specimen (x100).
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Figure 21. Relationship between deposition strength and cross-section morphology of the PC-27 specimen fabricated by ME-type 3D printing.
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