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Abstract

The current research studied on the synthesis of triblock copolymer of natural rubber (NR)
and polylactic acid (PLA) (PLA-block-NR-block-PLA) via condensation reaction of hydroxyl
terminated liquid natural rubber (HTNR), and low molecular weight PLA called polylactic acid
prepolymer or pre-PLA. The effect of HTNR and PLA-block-NR-block-PLA as a toughening agent
for PLA was compared.

HTNR was prepared using photochemical degradation process. This process led to chain
scission and the addition of hydroxyl group onto the chain ends of NR. Two different molecular
weight pre-PLA named PLA1 and PLA2 were produced using condensation polymerization of
lactic acid. The characterization of HTNR and pre-PLA chemical structure using 'Hand "C-nuclear
magnetic resonance spectroscopy ( H- NMR and “C-NMR) and Furior transform infarred
spectroscopy (FTIR) confirmed the occurrence of HTNR and pre-PLA. The results from gel
permeation chromatography (GPC) indicated the number average molecular weight (lqn) of HTNR,
PLAT and PLA2 as 28,000, 3,091 and 9,696 g/mol respectively. Hydroxyl functionality of HTNR
was determined according to ASTM D4274-11 and found the value of 1.77 +0.21.

Two kinds of PLA-block-NR-block-PLA were prepared using a solution polymerization at
130 °C for 24 h. Toluene and stanneous octoate (Sn(Oct),) were used as a solvent and a catalyst
respectively. The first block copolymer was prepared from HTNR and PLA1, whereas the second
block copolymer was produced from HTNR and PLA2. A mole ratio of HTNR: PLA1 and
HTNR:PLA2 was 1:2. The obtained copolymers were denoted as PLA1-block-NR-block-PLA1
and PLA2-block-NR-block-PLA2 respectively. The synthetic results showed that yields of block
copolymer PLA1-block-NR-block-PLAT and PLA2-block-NR-block-PLA2 were 34.87 T 0.84
and 29.85 T 1.87 percent by weight (%wt) respectively. The chemical structure analysis result of
block copolymers using 'H- NMR, “C-NMR and FTIR confirmed the appearance of block
copolymers. From molecular weight characterization using GPC technique, it was found that I\_An
of PLA1-block-NR-block-PLA1 and PLA2-block-NR-block-PLA2 was 34,681 and 48,487 g/mol
respectively.

Polymer blends of PLA and HTNR (PLA/HTNR) were prepared using internal mixer. The
amounts of HTNR in the blend were 3, 5, 10 and 15 %wt. Test specimens were molded using

compression moluding. Tensile properties and impact strength of the blends were characterized.



The results illustrated that at the amount of HTNR was 10 % wt [PLA/HTNR(90/10)] the blend
showed the highest impact strength of 67.78 %+ 12.10 kJ/m’ which was higher than the impact
strength of neat PLA about 3.7 times. % Elongation increased from 12.91 T 1.00 for neat PLA to
127.23 £ 6.00 for PLA/HTNR(90/10), whereas the tensile strength and modulus of the blend were
lower than neat PLA. From the morphological characterization of the blend, the SEM image of
impact fractured surface of PLA/HTNR blends showed HTNR particle dispersed in PLA matrix.
The average particle diameter of HTNR particles in PLA/HTNR(90/10) was 0.92 t0.71 pm.
Polymer blends of PLA and block copolymer were prepared using 10 wt% of block
copolymer (the ratio that PLA/HTNR blends showed the highest impact strength). Internal mixer
and compression molding were applied for blending and specimens preparation respectively. The
impact testing results showed that both block copolymers could act as toughening agent for PLA.
Impact strength of PLA/PLA1-block-NR-block-PLA1 and PLA/PLA2-block-NR-block-PLA2
were respectively 41. 91 + 6.68 and 46.42 T 8. 45 kJ/ m’ which lower than that of
PLA/HTNR(90/10) but the values were still higher than the impact strength of neat PLA about 2.3-
2.5 times. Tensile strength and modulus of PLA/block copolymer blends were tended to be higher
than PLA/HTNR(90/10). From morphological characterization, the average diameter of block
copolymer particles dispersed in the blends was smaller than that of HTNR particles dispersed in
PLA/HTNR(90/10) blend. The average particle diameter of PLA1-block-NR-block-PLA1 and

PLA2-block-NR-block-PLA? in the blends were 0.34 & 0.09 and 0.22 & 0.05 um respectively.





