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Effects of nucleating agents and plasticizers on the crystallinity and
crystal structure of PLA(PolyLactic Acid)
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Abstract In this paper, the crystal structure and the crystallinity of PLA(PolyLactic Acid) were studied. PLA is a
eco-friendly thermoplastic which completely decomposed by microorganisms, but has low thermal stability and low
degree of crystallinity. The low crystallization rate makes the cycle time of injection molding longer and the degree
of crystallinity lower. It is a very big disadvantage comparing the other thermoplastics. We improved the degree of
crystallinity and the crystallization rate by introducing nucleating agents and plasticizer, and discussed the mechanism.
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[Table 1] Recipe for compounding according to the
size and contents of Talc

PLA
Ingeo 3001D
Talc
ETS2000(3um)

98.6/96.6|94.6(986]96.6|94.6|986|96.6|94.6

1131]5

ol

Talc
ETS1000(6um)
Talc
ETS325(12um)

Additives

w1

04104[04[{04]04]04]04]|04
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[Table 2] Recipe for compounding according to the
content of the plasticizers and nucleating

agents
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E,I‘Szggg)c(gum)llllllllllll
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Xe(%) = [&H 8m__| % 100%

r(1-wy)

AH,, : Heat of fusion sample
AH; @ Heat of fusion for 100% crystalline material
(PLA : 936 J/g)

W: ¢ Mass fraction of the fillers

X. ¢ Crystallinity of the PLA
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[Fig. 1] DSC Thermogram of PLA + 3um Talc

[Table 3] Thermal properties of PLA + 3um Talc

T(TC) | AH(J/8) | Tw(C) | AHu(J/g) | Xo(%)
Talc 3um 1%| 1095 345 16397 395 4238
Talc 3um 3%| 1111 331 164.27 380 420
Talc 3um 5% 1119 315 164.37 365 412

Heat Flow (W/g)
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[Fig. 2] DSC Thermogram of PLA + 6um Talc

[Table 4] Thermal properties of PLA + 6um Talc

T«C) | AHx(J/g) | Tu(C) | AH(J/g) | Xo(%)
Talc 6um 1%| 1095 324 16375 317 40.6
Talc 6um 3% 1109 314 164.18 366 404
Talc 6um 5%| 112.0 3L1 164.30 306 402
2
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[Fig. 3] DSC Thermogram of PLA + 12um Talc

[Table 5] Thermal properties of PLA + 12um Talc

Te(C) |AHe(J/g)| Tu(T)

AHn(J/g)

Xe(%)

Talc 12um 1%4| 103.1 3L1 1625

369 400

299 162.8

358 396

Talc 12um 5% 1064 | 277 | 1630

340 384
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[Fig. 4] DSC Thermogram of PLA + 3um Talc 1% +
Millad 3988

[Table 6] Thermal properties of PLA + 3um Talc 1%
+ Millad 3988
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[Fig. 5] DSC Thermogram of PLA + 3um Talc 1% +
Boron Nitride

[Table 71 Thermal properties of PLA + 3um Talc 1%
+ Boron Nitride

[T(C)| AHee(J/2) | Tr(C) | AHm(J/g) |Xc(%)

Talc 3um 1% + Boron

Nitride 0.3% 1086 299 164.0 36.2 394

Talc 3um 1% + Boron

Nitride 0.5% 1085 30.1 1639 365 39.8

Talc 3um 1% +

Boron Nitride 1% 106.7 324 1636 395 432

Talc 3um 1% + Sodium Benzoate 0.3%
—--— Talc 3um 1% + Sodium Benzoate 0.5%
—— Talc 3um 1% + Sodium Benzoate 1%
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[Fig. 6] DSC Thermogram of PLA + 3um Talc 1% +
Sodium Benzoate

[Table 8] Thermal properties of PLA + 3um Talc 1%
+ Sodium Benzoate

Te(*C)| AHee(J/8) | Ti(C) | AHm(J/g) | Xe(%6)

Talc 3um 1% + Sodium

Benzoate 0.3% 107.5 316 161.3 384 418

[T«C)| AHe()/g) | Tm(T)| AHn(J/) |Xc(%)

Talc 3um 1% +

Millad 3988 0.3% 1085 296 1635 349 380

Talc 3um 1% + Sodium

Benzoate 0.5% 1083 309 1620 385 419

Talc 3um 1% +

Millad 3988 0.5% 1084 30.1 1634 364 397

Talc 3um 1% + Sodium

Benzoate 1% 105.1 30.7

1576 392 429

Talc 3um 1% +

Millad 3988 1% 108.3 30.8 162.7 379 415
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[Fig. 71 DSC Thermogram of PLA + 3um Talc 1% +
PEG

[Table 9] Thermal properties of PLA + 3um Talc 1%
+ PEG

[T(C)| AHee()/8) | Tm(T)| AHm(J/g) |Xc(%)
Tedum 6+ PEQuos| w6 | 1621 | e | al

Talc 3um 1% + PEG 1103 55

5% . .5 159.0 39.71 453

Talc 3um 1% + PEG

10% 1108 384 150.0 40.46 488
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[Table 10] Ti» according to the content of the Talc

and PEG
Talc 3um 1% Tilc 3um 1% | Talc 3im 1% | Tic 3um 1%
+ PEG 3% + PEG 5% + PEG 106
100C 49.8 396 216 198
110C 270 25.8 144 138
120TC 516 60.0 60.0 486

[Table 11] Parameters of the Avrami equation according
to the content of the Talc and PEG

Talc 3um |Talc 3um 1% + | Talc 3um 1% + | Talc 3um 1% +
1% PEG 3% PEG 5% PEG 10%
k 551 9.72 9.38 29.64
n 2.66 2.64 2.44 2.93
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