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Fig. 1 SEM images of the cross-section of PLA-Att nano-composite cryo-fractured in liquid nitrogen :

(a) PLA-3% Att, (b)PLA-5% Att, (c¢)PLA-10% Att and (d) Att
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Mechanical properties of PLA and PLA-Att composites

Yield strength ( MPa)

Breaking strength ( MPa)

Elongation (% ) Tensile strength ( MPa)

PLA — 69. 6
3% Att 71.6 24.7
5% Att 72.3 38.8
10% Att 74.7 34.9
15% Att — 48.7

7 69.6
122 71.6
180 72.3
155 74.7

7 74.3

T A SO M PLA 45 53 Awt 78 PLA Bk
oA BOPE B A B At 55 PLA 4y F 2 8 AH 5 AE

SEJ7 A PLA-Au B2 5 4R £ 4T 1518, 20 # PLA-
At S PERE A A I 0 e A vy S A
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Fig. 2 SEM images of tensile fractured PLA-10% Att

sample, demonstrating yield of PLA matrix
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Fig. 3 DSC curves of PLA and PLA-Att nano-composites
during
a) The first heating process; b) The cooling process; c¢) The

second heating process
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Table 2 Thermal properties of PLA and PLA-Att composites

H (J/g)  H,(lg) AH (J/g)
PLA 17. 11 33.19 16.22
PLA-3% Att 18. 07 35. 80 17.73
PLA-5% At 21.71 30.91 9.14
PLA-10% Aut 22.34 32.78 10. 43
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Fig. 4 Rheological curves of PLA and PLA-Att nano-

composites at 180°C
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Fig. 5 Stress relaxation curves within logarithmic coordinates
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Fig. 6 Fitting of the stress relaxation curves
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Table 3 Curve fitting for relaxation time of PLA and PLA-Att

Nanocomposite at 180°C

ny Ti n T2 3 T3

PLA 2.32  0.042 — — — —
PLA-1% A 1.79 0.02 0.72 6.61 1.22 21.74
PLA-3% At 1.84 0.019 0.84 7.6 0.91 27.27
PLA-5% At 1.79 0.017 0.6l 4.73 1.02 20. 21
PLA-8% At 1.74 0.019 0.55 4.96 1.26 18. 87
PLA-10% Attt 1.65  0.02 0.7 3.18 1.34 23.62
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Fig. 7 FTIR spectra of Att, PLA and Att separated from

composite by Soxhlet extraction
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MICROSCOPIC STRUCTURE AND MECHANICAL PROPERTIES OF
POLYLACTIDE/ATTAPULGITE NANOCOMPOSITES

ZHANG Yue, XU Jun, GUO Baohua
( Department of Chemical Engineering, Tsinghua University, Beijing 100084 )

Abstract The polylactide/attapulgite nanocomposites ( PLA-Att composites) were prepared by melt mixing.
The elongation at break and the tensile strength of PLA-Att composites increased first with increasing Att
content and then decreased when Att content exceeded 10 wt% . The SEM results showed that the Att nanorods
were well dispersed in PLA matrix. The DSC curves during the cooling and the second heating run showed that
Att can enhance the crystallization rate of PLA. Furthermore , the rheological behaviors were investigated. When
the content of Att was larger than 8 wt% , the storage modulus curve of PLA nanocomposites demonstrated a
plateau region at the low frequency range, indicating the formation of a network structure in the composite,
where the Att nanorods acted as the physical entanglement points to increase the relaxation time of the PLA-Att
composites. FTIR spectrum of the extracted Att fillers from the nanocomposites showed that Att had strong
interaction with PLA. PLA chains could be adsorbed at the surface of Att nanorods,reducing the thickness of
the matrix layer. We suggest that the addition of Att nanorods changes the strained condition of the samples
from the 3-dimensional stress to the 2-dimensional plane strain state and the maximum shear stress could reach
the yield strength of PLA matrix so as to induce brittle-ductile transition of the sample.

Keywords PLA, Attapulgite, Nanocomposites, Rheological property, Relaxation time, Mechanical

property, Elongation at break



