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Abstract

In this study, polymer blends of poly(lactic acid) (PLA) and natural rubber (NR) at the ratios
of 95/5, 90/10, 85/15 and 80/20 (wt% ) were melt blended using an internal mixer. The test
specimens were molded using a compression molding machine. Mechanical properties, heat
distortion temperatures (HDT) and morphologies of PLA/NR blends were studied. It was found
that the impact strength and elongation at break of PLA/NR blends increased with increasing NR
content up to 15 wt%. While tensile strength and Young’s modulus decreased. HDT of the PLA/NR
blends was slightly decreased. SEM micrographs showed that PLA/NR blends were immiscible.

The highest unnotched, notched 1zod impact strength and elongation at break were found for
the blend containing 15 wt% NR [PLA/NR(85/15)] which were 167.22 kJ/m’, 54.31 kJ/m’ and
257.85%, respectively. Therefore, PLA/NR(85/15) was chosen to study the effect of poly(D-lactic
acid) (PDLA) on mechanical, thermal properties and HDT of PLA/NR blend. The amounts of
PDLA in PLA/NR(85/15) blend were 1, 3 and 5 wt% based on PLA content. PLA/NR/PDLA
blends were prepared by melt mixing PLA and PDLA in an internal mixer at 170 °C and a rotor
speed of 60 rpm for 2 minutes. Afterthat, NR was added into mixing chamber. The mixing was
continued until the total mixing time was 10 minutes. The testing results showed that impact
strength and elongation at break of PLA/NR(85/15) blend were decreased with increasing PDLA
content. PLA/NR/PDLA(1) blend which contained 84.15 wt% PLA, 15 wt% NR and 0.85 wt%
PDLA showed the best overall properties. Elongation at break, notched Izod impact strength and
HDT of PLA/NR/PDLA(1) were 156.14 + 14.83%, 30.20 £3.59 kJ/m’ and 61.8 °C respectively,
whereas those of PLA were 18.54 + 3.66 %, 2.85 + 0.15 kJ/m’ and 55 °c respectively. The
crystallinity [ X, (%)] and thermal transitions of PLA/NR/PDLA blends were examined using
differential scanning calorimeter (DSC). It was found that X_ (%) of the PLA/NR/PDLA blends
was higher than that of neat PLA. From first heating scan results, with an exception of the blend
containing 1 % wt PDLA, cold crystallization temperature (T,,) of the blends was higher than that
of neat PLA. Melting temperature (T, ) of PLA in the blend was also shifted to higher temperature.
T,. of PLA phase did not find in PLA/NR/PDLA(1). From DSC second heating scan results, glass
transition temperature (T,) of PLA was increased with adding NR into PLA. T, of PLA/NR/PDLA
blends were lower than PLA/NR(85/15). T, and T, of PLA in the blends did not significantly

change with adding PDLA. Wide-angle X-ray scattering patterns of PLA/NR/PDLA blends



exhibited scattering peaks of stereocomplex crystallite at 20 = 10.5°, 18.5° and 23.8°. These
scattering peaks become sharper with increasing PDLA content.

To study the effects of annealing treatment on the properties of the blends, the blend
specimens were annealed in an air oven at 100°C for 10, 30 and 60 minutes. The tensile strength,
Young’ s modulus, elongation at break and impact strength of the blends after annealing treatment
tended to decrease. X, (%) of PLA, PLA/NR(85/15) and PLA/NR/PDLA blends significantly
increased after annealing treatment for 10 minutes. When the annealing time was increased to 30
and 60 minutes, there was no significantly change of X, (%). HDT tended to increase with an
increase of annealing time. The highest HDT of PLA, PLA/NR(85/15), PLA/NR/PDLA(1),
PLA/NR/PDLA(3) and PLA/NR/PDLA(5) was 64.1, 60.7, 63.7, 63.3 L1ag 63.3 °c respectively.
These HDT values were found at 60 minutes annealing treatment.

Hydrolytic degradation test of PLA, PLA/NR(85/15) and PLA/NR/PDLA(1) blends were
performed at 58 °C for 30 days. The obtained results included water absorption (%), residual mass
(%) and the pH change of immersion medium. It was found that PLA and the blends showed similar
water absorption profile, the change of residual mass and the change of pH. It indicated that the
addition of NR and PDLA to improve toughness and HDT of PLA only slightly affected the

hydrolytic degradation behavior of PLA.





