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cases was accompanied by short interparticle distance and 
slightly higher percent crystallinity.
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Introduction

Polylactide or polylactic acid (PLA), one of the bio-based 
and biodegradable thermoplastic polyesters, has recently 
become widely used not only for medical applications, but 
also for green packaging due to its much lower cost. How-
ever, the significant disadvantages of PLA including its high 
brittleness and slow crystallization have limited its use for 
high impact or high-temperature applications [1]. In the past, 
many methods were employed to improve toughness of PLA 
such as blending with plasticizers [2–4] or other polymers 
[5]. Examples of well-known plasticizers for PLA include 
tributyl citrate [3, 4, 6], tributyl acetyl citrate [6, 7], triace-
tin [4, 7, 8] and triethyl acetyl citrate [6, 7, 9]. However, 
since more than 10 wt% of these plasticizers were needed 
for toughness enhancement, another associated problem was 
their evaporation and migration to the surface [10]. Moreo-
ver, the high amount of plasticizers could significantly lower 
the thermal properties of PLA making it impossible to be 
used in high-temperature applications. Therefore, numer-
ous researches focused on blending PLA with other ductile 
polymers such as poly(ethylene glycol) (PEG) [11], polycap-
rolactone [12], poly(butylene succinate) [13], poly(butylene 
succinate adipate) [14] or poly(ε-caprolactone-co-D,L-
lactide) [15]. Another polymer that has caught attention in 
toughening PLA is natural rubber (NR) [16–18] due to its 
low glass transition temperature, high flexibility and sustain-
ability. Bitinis et al. [17] found that the optimal NR content 

Abstract Mastication is the technique widely used to 
reduce viscosity of natural rubber and the higher mastica-
tion speed leads to lower NR viscosity. The optimum vis-
cosity of NR that could provide high impact strength for the 
blends depends largely on the blending time and method. 
This study is focused on the enhancement of impact 
strength of polylactic acid (PLA) blended with masticated 
natural rubber (NR) using sorbitan ester (SE), a biodegrad-
able food additive, as a compatibilizer. The effects of NR 
mastication, compatibilizer and NR contents and the mix-
ture’s viscosity on the morphological, thermal and impact 
properties of PLA/NR blends were investigated in relation 
to the changes in the morphology, thermal properties and 
impact strength of PLA/NR blends. It was found that the 
optimum viscosity of NR that provided the highest impact 
strength to the blends was achieved when NR was masti-
cated at 40 rpm for 15 min. The highest impact strength 
corresponded well not only with the small NR phase size, 
but also with the highest crystallization rate. For the effect 
of compatibilizer, it was found that a small amount of SE 
could more than double the impact strength of the blends, 
where the optimum compatibilizer content was 0.5 wt%. 
Interestingly, the high impact strength of the blends in all 
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