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Abstract: Stereo-complexation of PLA was known to be induced by the strong interaction between L-lactyl unit
sequences of poly(L-lactide) (PLLA) and D-lactyl unit sequences of poly(D-lactide) (PDLA), resulted in enhanced
thermo-mechanical as well as physico-chemical properties. In this work, we proposed very effective method to form sc-
PLA by in-situ ring opening polymerization of D-lactide in existence of molten PLLA. Although this simple in-situ
polymerization approach showed relatively low conversion of D-lactide, PLLA-b-PDLA stereo copolymer was success-
fully synthesized and exhibited twice enhanced heat distortion temperature (63.5 C — 130.5 C) compared to neat PLLA
with only 6 h of reaction time. It was also found that the regularity of block copolymer sequence as well as crystallinity
of PLLA-b-PDLA was hindered by addition of meso-lactide, meaning the strong interaction between L-lactyl unit and
D-lactyl unit is only available when their stereoregularity are in the similar order.
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Figure 1. Optical isomers of lactic acid.
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Figure 2. (a) Hydrogen bond between L-lactyl and D-lactyl groups;
(b) helical-sequence of sc-PLA."
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Table 1. Mechanical Properties of Nature Works PLA

Properties 2002D 2100D
Density (g/cm’) 1.24 13
Melt flow index (g/10 min) 4-8 5-15
Transparency Transparent Opaque
Tensile strength (MPa) 53 56
Tensile yield strength (MPa) 60 62
Young’s modulus (GPa) 3.5 3.5
Strain-to-failure (%) 6.0 3.0
Impact strength (Notched Izod, ft-fb/in) 0.24 0.37
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Figure 3. '"H NMR spectrum of PLLA-b-PDLA after 6 h polymer-
ization.

Table 2. Viscosity Average Molecular Weights of PLAs as a Function of Polymerization Time

PLA type Rx time
2h 4h 6h 8h 10h
PLLA(g/mol) 20977 34056 60608 44646 48642
IVi(dl/g) 0.77) (1.26) (1.68) (1.34) (1.43)
PDLA(g/mol) 16899 37244 60895 45556 42342
IVi(dl/g) (0.67) (1.18) (1.69) (1.37) (1.30)
PLLA-b-PDLA(g/mol) 136666 159371 166802 132854 69758
IVi(dl/g) (1.99) (2.24) (2.32) (1.95) (1.19)

“Inherent viscosity(IV) was measured at 25 C with the 0.1 g/100 mL solution of PLA/chloroform.
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Figure 4. DSC thermogram of (a) PDLA; (b) PLLA-b-PDLA as a function of polymerization time.
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Figure 6. (a) DSC thermogram; (b) WAXD spectrum of meso-PLA with variation of the concentration of meso-lactide.
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Table 4. Heat Distortion Temperatures of Commercial Polymers
and Meso-PLAs as a Function of Polymerization Time

Samples HDT(C)
PP(%530Y, SK Chem.) 85.7(82)°
ABS(ABS, LG Chem.) 83.6(81)°

PC(LTC, Lexan) 129.4(130)"
PLA(2002D, Nature Works) 66.5(65)°
PLLA(6 hr) 66.5
PDLA(6 hr) 73.1
PLLA-b-PDLA 130.8

“HDT measured and provided by each manufacturer according to
ASTM D638 or DIN 61 standards.
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Figure 7. Heat distortion temperatures of (a) commercial polymers; (b) synthesized PLAs in this study using TMA.
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tionship between HDT at 2% strain and the melting temperature of PLLA-b-PDLA.
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