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Received_September 16, 2022 Abstract The purpose of this study was to confirm the optimal spinning conditions for
Revised September 23, 2022 PLA (Polylactic acid) as a fiber forming polymer. According to the melt spinning test
Accepted_September 23, 2022 results of PLA, the optimal spinning temperature was 258°C. However, it needs to

note that relatively high pack pressure was required for spinning at 258°C. At an ele-
vated temperature, 262°C, mono filament was broken easily due to hydrolysis of PLA
at a higher temperature. In case of fiber strength, it was confirmed that the draw ra-
tios of 2.7 to 3.3 were optimal for maximum strength of melt spun PLA. Above the
draw ratio, 3.3, the strength of the PLA fibers was lowered. It was presumed that
cleavage of the PLA polymer chain over maximum elongation. The heat setting tem-
perature of GR (Godet roller) showed that the maximum strength of the PLA fibers
was revealed around 100°C. The degree of crystallinity and the strength of the PLA
fibers were decreased above 100°C. The optimal take-up speed (Spinning speed) was
around 4,000m/min. Thermal analysis of PLA showed 170°C and 57°C as Tm (melting

Textile Coloration and Finishing temperature) and Tg (glass transition temperature), respectively.
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Table 1. Spinning condition of PLA melt-spinning
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YA Uizt H4o= Godet Roller 2(GR2) =9 AAlH]
7F QA GR2 %=+ E|A 95-100 Atojo]u] HAld]: A]A]
2.001A4 4.0A}0](2.4-3.6)0]c}. HAMS B[R W YA E
oF WA LI QUi WAL R 254-262 Atolo]n] WARLE

Condition

Setting value

Chip drying condition

0.005 wt%

Beam temp.(Pack temp.) °C 254, 256, 258, 260, 262
Draw ratio GR2 speed/GR1 speed 12~403.0~34)
Coagulation temp.(GR2 temp.) °C 95, 100, 105
Spinning speed(F/R Winder) rpm 4,000 ~ 4,400
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Table 2. List of the tools for data analysis

Classification Content Use Package Applications

o Avarage, Minimum, Maximum,
Data statistics . ; o o Dplyr, Readxl
Dispersion, Deviation, Distribution

Association analysis,

Data analysis Correlati vsi R Corrplot, Arules(Viz) Google Colaboratory,
orrelation analysis Ubuntu 18.04
Histogram,
Data visualization Scatterplot, Gplot2
Box plot
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Table 3. Major variable for mechanical properties of PLA filaments
Classification HM Boiler Godet R/O DR Winder
Variable Spin beam Manifold GR 1 GR 1 GR 2 GR 2 Draw F/R
ri
Temp. Temp. Speed Temp. Speed Temp. ratio Speed
Unit °C °C m/min °C m/min °C Real No. m/min
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Table 4. Real variable for mechanical properties of PLA filaments
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Table 5. Prediction of tenacity, elongation and productivity of PLA filaments

Classification Tenacity Elongation Productivity
Spinning success Spinning success . .
Excellent Average Mediocre Fail
: Real No. : Real No.
Unit
Spinning fail Spinning fail
P ‘Og P 'Og A B C D
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—m— Elongation
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1 T T T T T 12
21 2.4 2.7 3.0 3.3
Draw ratio
Draw Solidification temp  Spinning speed Spun Denier Tenacity Strain
ratio (°C) (mpm) possibility (D) (g9/d) (%)
1.2 95 4,000 X - - -
13 95 4,000 X - - -
1.6 95 4,000 X - - -
2.0 95 4,000 O 35.1 34 37
2.7 95 4,000 O 35.1 38 29
33 95 4,000 O 35 4 29.8
Figure 1. Test results of PLA filaments spun at 260°C.
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Draw ratio
Draw Solidification temp  Spinning speed Spun Denier Tenacity Strain
ratio (°C) (mpm) possibility (D) (9/d) (%)
1.2 95 4,000 X - - -
13 95 4,000 X - - -
1.6 95 4,000 X - - -
2.0 95 4,000 O 351 35 37.8
2.7 95 4,000 @) 35.2 39 29.5
4.0 95 4,000 O 354 38 21.6

Figure 2. Test results of PLA filaments spun at 258°C.
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Draw Solidification temp  Spinning speed Spun Denier Tenacity Strain
ratio (°C) (mpm) possibility (D) (g9/d) (%)
12 95 4,000 O 36.1 2.6 57.6
13 95 4,000 O 36 3.0 47.2
1.6 95 4,000 O 36 33 37.8
20 95 4,000 O 351 36 357
2.7 95 4,000 O 35.2 39 294

Figure 3. Test results of PLA filaments spun at 256°C.
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Table 6. Test results of PLA filaments solidified at 95°C

Draw Solidification temp  Spinning speed Spun Denier Tenacity Strain

ratio (°C) (mpm) possibility (D) (9/d) (%)
1.2 256 4,000 O 36.1 2.6 57.6
1.6 256 4,000 @) 36.0 30 472
2.7 256 4,000 @) 35.1 39 294
2.7 258 4,000 @) 35.2 39 29.5
2.7 258 4,000 O 35.2 39 28.1
2.7 258 4,000 @) 35.2 4 27.5
2.7 260 4,000 O 351 38 29

Table 7. Test results of PLA filaments solidified at 100°C

Draw Solidification temp  Spinning speed Spun Denier Tenacity Strain

ratio Q) (mpm) possibility (D) (9/d) (%)
1.3 258 4,000 X - - -
1.6 258 4,000 X - - -
20 258 4,000 O 35.1 37 86.1
2.7 258 4,000 O 35.1 4.0 86.2
3.0 258 4,000 O 353 4.0 84.3
33 258 4,000 O 352 4.1 827
4.0 258 4,000 O 35.1 37 75.1

Table 8. Test results of PLA filaments solidified at 105°C

Draw Solidification temp  Spinning speed Spun Denier Tenacity Strain
ratio (°C) (mpm) possibility (D) (9/d) (%)
1.2 258 4,000 X - - -
1.3 258 4,000 X - - -
1.6 258 4,000 X - - -
20 258 4,000 X - - -
2.7 258 4,000 @) 351 4.1 31.8
40 258 4,000 X - -
33 HjO|E] 2ME STt AHy 32 24 Figure 40 w2® Zwol At vhle] 75 Btk
PLA 8.9ulijo] Almel 7bEo] AMEAo] wt A E= Aes € & Aeh &, AT 245 ATt B4 UE
Figure 40 E35}9) o FARCR ot 4 ol e A= 7P =2 20%
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Figure 4. Scatterplot of Starin-Tenacity for PLA melt spinning.
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Figure 5. Scatterplot of Tenacity versus Spin beam temperature, GR1 speed, GR2 speed, GR2 temperature, Draw ratio and F/R

speed for PLA melt spinning.
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Figure 6. Scatterplot of Strain versus Spin beam temperature, GR1 speed, GR2 speed, GR2 temperature, Draw ratio and F/R speed
for PLA melt spinning.
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