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Abstract
Polylactic acid (PLA)/pearlescent pigments (PEPs) composites were fabricated by melt blending method and their properties 
were studied using a rotational rheometry, field emission scanning electron microscopy (FESEM), differential scanning calo-
rimetry (DSC) and X-ray diffractometry (XRD). Because PEP could disperse uniformly in PLA matrix and would form PEP 
networks, there were improvements made in the flexural strength, tensile strength and impact strength of PLA composites. 
Interestingly, the viscosity of PLA composites reduced significantly as compared with neat PLA, indicating an improvement 
in processing properties. The rheological tests confirmed that the storage modulus of PLA composites decreased as PEP 
content increased at a given frequency. Also, there was a plateau at low frequency range, which was a sign of PEP networks 
formation. The DMA tests showed that the storage modulus of PLA composite increased with PEP content, suggesting the 
enhancement of rigidity. According to the XRD results, no change was observed in the crystal structure of PLA in the pres-
ence of PEP. The addition of PEP did not change melting temperature, but the glass transition temperature increased a little, 
and the cold crystallization temperature of PLA decreased largely. The DSC results also showed that nucleation ability of 
PLA was enhanced by addition of PEP at low cooling rates, but the whole crystallization process of PLA in composite was 
inhibited at higher cooling rates. This conclusion was also confirmed by the results of crystallization kinetics.
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Introduction

Since petroleum-based polymers do not degrade in land-
fills or composting environments, bio-based polymers 
have attracted more researchers’ attentions around the 
globe. These types of polymers, such as polylactic acid [1, 
2], poly(oxyethylene)–poly-(ε-caprolactone) [3], poly(ε-
caprolactone) [4], and poly(butylene succinate) [5] can 
be degraded easily in soil or water circumstances and no 
poisonous substances are released. Among them, PLA pre-
pared from corn or sugarcane is the most successful bio-
polyester, which owns excellent bio-compatibility, gloss, 
transparency, heat resistance and mechanical properties. 

These characteristics make PLA suitable for use in packag-
ing, agricultural, electrical, medical and automobile applica-
tions [6–8].

Studies confirmed that thermal deformation temperature 
of PLA could be elevated from 53 to 100 °C by increasing 
its degree of crystallinity from 3.2 to 33.9%, which, in turn, 
improved its tensile modulus [9]. Due to slow crystalliza-
tion rate of PLA, many researchers have adopted various 
methods to elevate PLA crystallization rate, such as the addi-
tion of polymers, and inorganic and organic compounds. Wu 
et al. [10] introduced polystyrene-block-poly (methyl meth-
acrylate) (PS-b-PMMA) into PLA. It was found that PLA 
crystallization rate was improved significantly because PS 
acted as nucleation points for PLA and PMMA units, and 
could accelerate the dispersion of PS-b-PMAM into the PLA 
matrix. The 0.5% of PS-b-PMAM increased the degree of 
crystallinity of PLA to 43.5%. Du et al. demonstrated that 
montmorillonite could largely increase PLA crystallization 
rate [11]. Souza et al. [12] studied the crystallization kinet-
ics of PLA/mica composites, where the crystallization rate 
of PLA was increased by 1354%. In fact, the crystallization 
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