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Abstract : BBiodegradable polymers have attracted great attention because of the increased environmental pollution by waste
plastics. In this study, PLA (polylactic acid)/Clay-20 (Cloisite 20) and PLA (polylactic acid)/PBS (poly(butylene succinate)/Clay-20
(Cloisite 20) nanocomposites were manufactured in a twin-screw extruder. Specimens for mechanical properties of PLA/Clay-20
and PLA/PBS (90/10)/Clay-20 nanocomposites were prepared by injection molding. Thermal, mechanical, morphological and
raman spectral properties of two nanocomposites were investigated by differential scanning calorimetry (DSC), tensile tester,
scanning electron microscopy (SEM) and raman-microscope spectrophotometer, respectively. In addition, hydrolytic degradation
properties of two nanocomposites were investigated by hydrolytic degradation test. It was confirmed that the crystallinity of
PLA/Clay-20 and PLA/PBS/Clay-20 nanocomposite was increased with increasing Clay-20 content and the Clay-20 is miscible
with PLA and PLA/PBS resin from DSC and SEM results. Tensile strength of two nanocomposites was decreased, but thier elon-
gation, impact strength, tensile modulus and flexural modulus were increased with an increase of Clay-20 content. The impact
strength of PLA/Clay-20 and PLA/PBS/Clay-20 nanocomposites with 5 wt% of Clay-20 content was increased above twice than
that of pure PLA and PLA/PBS (90/10). The hydrolytic degradation rate of PLA/Clay-20 nanocomposite with 3 wt% of Clay-20
content was accelerated about twice than that of pure PLA. The reason is that degradation may occur in the PLA and Clay-20
interface easily because of hydrophilic property of organic Clay-20. It was confirmed that a proper amount of Clay-20 can im-
prove the mechanical properties of PLA and can control biodegradable property of PLA

Keywords : Organic Clay-20, Polylactic acid, Twin-screw extruder, Raman-microscope spectrophotometry, Hydrolytic degradation
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AH;, : heat of fusion for sample

AHy : heat of fusion for 100% crystalline material
(PLA : 93.6 J/g)

We : mass fraction of the fillers

X, : crystallinity of the PLA
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Table 1. Thermal Properties versus Clay-20 Content for PLA/
Clay-20 Nanocoposites

Clay-20 content (%) | T (C) | T.(C) | Tm(C) | AH¢(J/g)
0 58 104 166 37.99
1 58 102 166 41.74
3 58 102 166 43.22
5 58 100 166 42.44

AHg: first heating run

Tg, Tc, T : second heating run

T, : glass transition temperature of PLA
T, : crystallization temperature of PLA
Tm : melting temperature of PLA

Table 2. Thermal Properties versus Clay-20 Content for PLA/PBS/
Clay-20 Nanocoposites

Clay-20 content (%) | T (C) | Te (C) | Tmt, Tuz (C) | AH¢ (J/g)
0 56 108 148, 157 24.13
1 56 107 148, 157 24.44
3 56 105 148, 157 25.40
5 56 103 148, 157 25.13

AHg: first heating run

Tg, Tc, T : second heating run

T, : glass transition temperature of PLA/PBS
T, : crystallization temperature of PLA/PBS
Tmi : melting temperature of PLA/PBS

T2 : melting temperature of PLA/PBS

Clay-20 content

Endo —

20 2 60 80 100 120 140 160 180 200
Temperature (C)

Figure 1. DSC curves versus clay-20 content for PLA/Clay-20 nano-
composites from heating experiment (heating rate : 10 ‘C/min).
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Figure 2. DSC curves versus for PLA/PBS/Clay-20 nanocomposites
from heating experiment (heating rate : 10 C/min).
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Figure 3. Effect of Clay-20 content on crystallinity of the PLA/
Clay-20 (@) and PLA/PBS/Clay-20 (H) nanocomposites
based on the mass of the samples.
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Table 3. Mechanical Properties versus Clay-20 Content for PLA/
Clay-20 Nanocoposites

Clay-20 | Tensile Elongation Tensile Tmpact strength
content | strength %) modulus (kg co/em)
) | (MPa) § GPa) | "E
0 75 6.5 1.99 2.72
1 69 6.5 2.05 2.87
3 68 7.6 2.16 5.78
5 61 11 223 6.71

Table 4. Mechanical Properties versus Clay-20 Content for PLA/
PBS/Clay-20 Nanocoposites

Clay-20 | Tensile Elongation Tensile Impact strength
content | strength %) modulus (kg cm/cm)
(%) (MPa) ° (GPa) &
0 67 6.8 1.80 2.98
1 59 12.3 1.86 6.97
3 54 15.5 1.89 7.72
5 51 18.5 1.97 8.80

B8O

—+— PLA/Clay-20
—B— PLA/PBS/Clay-20

Tensile strength (MPa)

Clay-20 content (wt%)

Figure 4. Plot of tensile strength versus Clay-20 content for PLA/
Clay-20 (@) and PLA/PBS/Clay-20 () nanocomposites.
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Figure 5. Plot of elongation versus Clay-20 content for PLA/Clay-
20 (@) and PLA/PBS/Clay-20 () nanocomposites.
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Figure 6. Plot of impact strength versus Clay-20 content for PLA/
Clay-20 (@) and PLA/PBS/Clay-20 (H) nanocomposites.
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Figure 7. Plot of tensile modulus versus Clay-20 content for PLA/
Clay-20 (@) and PLA/PBS/Clay-20 (M) nanocomposites.
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Figure 8. Plot of flexural modulus versus Clay-20 content for PLA/
Clay-20 (@) and PLA/PBS/Clay-20 () nanocomposites.
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Figure 9. Scanning electron micrographs of the fracture surfaces of PLA/Clay-20 nanocomposites, (a) 0% (b) 1% (c) 3% (d) 5% of Clay-20

content (X5000).
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Figure 10. Scanning electron micrographs of the fracture surfaces of PLA/PBS/Clay-20 nanocomposites, (a) 0% (b) 1% (c) 3% (d) 5% of

Clay-20 content (X5000).
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Figure 11. Raman microscope micrographs of the fracture surfaces of PLA/Clay-20 nanocomposites, (a) 0% (b) 1% (c) 3% (d) 5% of Clay-20
content (X5000).
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Figure 12. Raman microscope micrographs of the fracture surfaces of PLA/PBS/Clay-20 nanocomposites, (a) 0% (b) 1% (c) 3% (d) 5% of

Clay-20 content (X5000).
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