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Abstract: Material extrusion (ME)-type 3D printing is the most popular among the 3D printing processes. In this study,
the cross-section morphologies of ME-type 3D printing manufactured specimens were observed with respect to the thermal
properties of the material. The cross-section morphology of a specimen is related to the deposition strength, and the outside
profile of the cross-section is related to the surface roughness. The filaments used in this study, with different thermal con-
ductivities, were the acrylonitrile-butadiene-styrene (ABS), the high impact polystyrene (HIPS), the glycol-modified poly-
ethylene terephthalate (PETG), and the polylactic acid (PLA). The cross-sections and the surfaces of the 3D manufactured
specimens were examined. In ME-type 3D printing, the filaments are extruded through a nozzle and they form a layer.
These layers rapidly solidify and as a result, they become a product. The thermal conductivity of the material influences
the cooling and solidification of the layers, and subsequently the cross-section morphology and the surface roughness.
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1. Material and specimen
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Table 1. Material Information Used in This Study

Glass Transition ~ Thermal
Material ~ Grade Supplier Temperature  Conductivity

(°0) (W/m-K)
ABS YS-ABS YOUSU 105 0.33
HIPS YS-HIPS YOUSU 90 0.22

SKYPLETE .

PETG GE100 SK Chemicals 80 0.13
PLA  BGw4goo . °P Leaf 60 0.24

Chemical Korea

831 == A2ty YA EFEl 2 ABS (Acrylonitrile Butadiene
Styrene), HIPS (High Impact Polystyrene), PETG (Glycol-
modified Polyethylene Terephthalate), 12|31 PLA (Polylactic
Acid)olth. PLA= 2784 i Abo|a YR = v 2384 1L
Aot EAEE| wE HFud 9 #WS st
Ot EAEEE 2 ARE AASHAT ARE 29
A B 7} Table 19 Yelt k. ABS, HIPS, PETG, 181
PLAY EAE==7} Z}ZF 0.33, 0.22, 0.13, 18] 0.24 [W/
m’K] o|th. @AEEE 250 tt =2y 2 AFoA =4
2o A 9] AHEEE 7|E0 R AAsHyet.”

279 25 54& Hofstr] Y8l &84 SH7I(MI-3,
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2. Equipment and operation
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Table 2. Operational Condition of ME-Type 3D Printing

Material Nozzle Bede Others
Temperature Temperature

220°C
ABS 230°C
240°C
200°C Nozzle Diameter :
HIPS 210°C 0.24 mm
220°C 5 Nozzle Speed :
220°C 100 80 mm/s

PETG 230°C Layer Height :
240°C 0.2 mm

205°C
PLA 215°C
225°C
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3. Cross-section and observation
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4. Measurement of surface roughness
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Results and Discussion
1. Flow property of material
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Figure 1. Melt index for used materials.
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Figure 2. Photos of fractured surfaces of 3D printing manu-
factured specimens.
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2. Observation of cross-section of specimen
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Figure 3. Schematic drawings of layered roads in the fractured
surfaces manufactured by ME type 3D printing.
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Figure 4. Comparison of air hole area in the fractured surface of
3D printing manufactured specimens.
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Figure 5. Measurement direction of surface roughness.
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3. Observation of surface roughness
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Figure 7. Comparisons of surface roughness for 3D printing
temperature.
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Figure 8. Comparisons of surface roughness for material.
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