Polymer(Korea), Vol. 41, No. 3, pp. 531-538 (2017) ISSN 0379-153X(Print)
https://doi.org/10.7317/pk.2017.41.3.531 ISSN 2234-8077(Online)

Fossil PC2} Bio-based PC2| Bulk Z=, Weldline Zx,
3D =2IE HES9| HEZLX HII'L
HIMN - BfYE - ROl PEE - DYT - ZME
A&y E e Ak A FAA S8, kAl sletd A
(0161 12€ 8Y Ao, 20179 1€ 17¢€ 574, 20174 1€ 17¢ A=)

f

Comparison of Bulk Strength, Weldline Strength, and Deposition Strength of
3D Printing-manufactured Article in Fossil PCs and Bio-based PCs

Seong Je Park, Jung Hyun Park, Min-Young Lyu’, Myung Sool Koo*, Hyung Jin Rho*, and Sung Hwan Cho*
Department of Mechanical System Design Engineering, Seoul National University of Science and Technology,
232 Gongneung-ro, Nowon-gu, Seoul 01811, Korea
*Chemical Research Center, Samyang Co., Hwoam-dong, Yuseong-gu, Daejeon, Korea
(Received December 8, 2016; Revised January 17, 2017; Accepted January 17, 2017)

Ik 2 weldline =2}
%JLE Z7}0 w}a}
Al F A AEoM= 34
7=l Tk Al Ao WSt rlu]SiATE W, A5 27k OJ W?ﬂowb TG
AL} g Al AAlgo] vddoz Fr18kiT). 3D TR0 F A 23 A|HoA 7P e
= weldline 4% tH] ZH2F 62.78%2} 25.81%= HSITh 2|3 3D ZHUH A

2% Zzpeke] 73w o] H|E= fossil PC2} bio-based PCOIA ZH2t 69.97%9F 51.52%

Z5: £ AFolA= fossil PCo} bio-based PCE ©]8-3t] AP 02 A2kt AlHNA bu
3D ZAYoX ] HEPeE ZAsta Hwalgith. Weldline 4= AlHe] 7S
1= Aago] S7IeI3ITE 3D =P o ATHE Al A AW <

e

Abstract: The deposition strength in FDM type 3D printing-manufactured specimen and the bulk and weldline strength
in a specimen prepared by injection molding using fossil PCs and bio-based PCs were measured and compared. In the
injection molded specimen, weldline strength and fracture elongation increased with increasing processing temperature.
As for the results of the deposition direction tensile test, deposition strength and variation for fracture elongation in the
3D printing-manufactured specimen were marginal with an increase in processing temperature. On the other hand, the
orthogonal to deposition direction tensile test revealed that both deposition strength and fracture elongation were pro-
portional to processing temperature. The ratio of weldline strength and the strength in the orthogonal to deposition direc-
tion, which presented the lowest strength value in the 3D printing-manufactured specimen, was equivalent to 62.78% and
25.81% in fossil PCs and bio-based PCs, respectively. The ratio of strength in the deposition direction and orthogonal
to deposition direction in the 3D printing-manufactured specimen was 69.97% and 51.52% in fossil PCs and bio-based
PCs, respectively.

Keywords: fossil PC, bio-based PC, fused deposition modeling (FDM), 3D printing, deposition strength.
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Figure 1. Tensile test specimen for (a) deposition direction; (b)
orthogonal to deposition direction in FDM type 3D printing.
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Figure 2. Formation of weldline in injection molding.
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Figure 3. Tensile specimen (ASTM D638, type No.1)

Mold Temp. : 80 C

V/P Switch ing Ti
/P Swite Cooling Time : 20 sec

at 7mm ram position
<Packing Phase> A

<Injection Phase>

<€ >

Time(sec) 5 017 10 17 19 30 Stroke(mm)
(a)
/P Switch Mold Temp. : 80 T
witch Cooling Time : 20 sec
at 10mm ram position
<Packing Phase> <Injection Phase>

€ >

Time(sec) of1o 12 20 22 37 Stroke(mm)

(b)

Figure 4. Operation condition for injection molding: (a) bulk
strength; (b) weldline strength.
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Table 1. Operation Conditions for FDM Type 3D Printing

Item Value
Layer height (mm) 0.2
Nozzle diameter (mm) 04
Nozzle speed (mm/s) 80
Bed temperature (°C) 120

Table 2. Temperature Setting for Injection Molding and FDM
Type 3D Printing

(unit: °C)
Injection molding 3D Printing
Fossil PC Bio-based PC Fossil PC Bio based-PC
280 240 265 215
300 260 270 245

- 275 275

#n =8
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Figure 5. Tensile behaviors of (a) fossil PC; (b) bio-based PC for bulk specimen.
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Figure 6. Tensile behaviors of (a) fossil PC; (b) bio-based PC for weldline specimen.
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Figure 7. Birefringence patterns of (a) fossil PC; (b) bio-based PC for weldline specimen according to injection temperature.
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Table 3. Tensile Strength and Elongation at Break for Bulk
Specimen Prepared by Injection Molding
(Average/Standard deviation)

Material Molding Tensile Elongation at
temperature (°C)  stress (MPa) break (%)
280 56.93/1.00 103.53/7.74
Fossil PC
300 56.94/0.74 104.27/3.08
Bio-based 240 67.93/0.46 96.49/4.02
PC 260 67.39/0.35 92.45/5.83

Table 4. Tensile Strength and Elongation at Break for Weldline
Specimen Prepared by Injection Molding
(Average/Standard deviation)

Material Molding Tensile Elongation at
temperature (°C) stress (MPa) break (%)
280 56.68/0.81 13.47/2.49
Fossil PC
300 56.90/0.67 39.49/2.49
Bio-based 240 66.70/0.36 24.30/1.09
PC 260 66.88/0.27 35.44/5.60
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Figure 8. Tensile behaviors of fossil PC for FDM type 3D printing-
manufactured specimen: (a) deposition direction; (b) orthogonal to
deposition direction.
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(b)

Figure 9. Photo of fractured specimen after tensile test for FDM
type 3D printing-manufactured specimen using fossil PC: (a) depo-
sition direction; (b) orthogonal to deposition direction.
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Figure 10. Tensile behaviors of bio-based PC for FDM type 3D
printing-manufactured specimen: (a) deposition direction; (b)
orthogonal to deposition direction.
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Figure 11. Photos of fractured specimen after tensile test for FDM
type 3D printing-manufactured specimen using bio-based PC: (a)
deposition direction; (b) orthogonal to deposition direction.
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Table 5. Tensile Strength and Elongation at Break for the
Specimen of Deposition Direction in FDM Type 3D Printing
(Average/Standard deviation)

Material Nozzle Tensile Elongation at
temperature (°C) strength (MPa) break (%)
265 52.26/1.60 4.96/0.41
Fossil PC 270 51.38/3.24 4.76/0.89
275 49.22/2.29 5.13/0.78
215 32.88/4.80 2.48/1.03
Bi"];bé‘sed 245 33.20/2.56 2.36/0.35
275 34.31/1.83 3.98/0.71

Table 6. Tensile Strength and Elongation at Break for the
Specimen of Orthogonal to Deposition Direction in FDM Type
3D Printing

(Average/Standard deviation)

Material Nozzle Tensile Elongation at
temperature (°C)  strength (MPa) break (%)
265 33.73/4.09 2.80/0.53
Fossil PC 270 35.56/4.51 3.22/0.67
275 37.66/5.33 3.27/0.74
215 9.41/1.10 1.51/0.16
Bi"i,bca‘sed 245 21.03/0.81 2.83/0.21
275 21.29/1.40 3.38/0.62
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Figure 12. Comparison of tensile strength of bulk material, weld-
line strength and deposition strength: (a) fossil PC; (b) bio-based
PC.
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