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ABSTRACT

issues, plastic industries have been encouraged to use biodegradable polymers.

Poly(lactic acid) (PLA) is one of the most well-known biodegradable polymers
with the advantage of bio-based nature. However, the inherent brittleness of PLA is its
main disadvantage. The blending technique is the most effective and practical method
to overcome the brittleness of PLA.
Methods: A highly toughened PLA was prepared through physical melt-blending
with ethylene-vinyl acetate (EVA) in the presence of hydrophobic nanosilica and
SEBS-g-MA block copolymer compatibilizer. The morphology, thermal properties,
mechanical properties, and linear rheology of the samples were investigated.
Findings: Transmission electron microscopy (TEM) images revealed that nanosilica
is predominantly localized in the EVA droplets and at the interface of PLA and EVA.

Some were also resided in the PLA matrix. Upon incorporating of nanoparticles, the

interfacial strength improved and that the average droplet size was decreased. In the

l l ypothesis: In recent years, due to environmental pollution and sustainability

poly(lactic acid); presence of compatibilizer, the morphology considerably changed: the dispersed
ethylene-co-vinyl acetate; spherical EVA phase turned into the cylindrical shape. Addition of copolymer and
toughening; nanoparticles decreased the crystallization of PLA in the blends. Addition of 5

phr nanosilica considerably enhanced tensile toughness, elongation-at-break, and

impact strength. On the other hand, the simultaneous addition of nanoparticles and

hydrophobic nanosilica compatibilizer dramatically improved the mechanical properties. For example, the
elongation-at-break and impact strength of the compatibilized PLA/EVA blend
containing 5 phr nanosilica were increased from 7% and 5.1 kJ/m? to 141% and 71 kJ/m?
(compared to a neat blend), respectively. Finally, the microstructure of the blends was
assessed through rheological measurements.

SEBS-g-MA compatibilizer;
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Table 1. The code and composition of the prepared samples.

Sample Components (phr)
PLA | EVA | R974 | SEBS-g-MA
PLA 100 0 0 0
PLA/EVA 75 25 0
PLA/EVA/R2 75 25 2 0
PLA/EVA/R5 75 25 5 0
PLA/EVA/R7 75 25 7 0
PLA/EVA/R10 75 25 10 0
PLA/EVA/SE 75 25 0 5
PLA/EVA/SE/R2 75 25 2 5
PLA/EVA/SE/RS 75 25 5 5
PLA/EVA/SE/R7 75 25 7 5
PLA/EVA/SE/R10 | 75 25 10 5
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Fig. 1. Frequency sweep behavior of complex viscosity for

PLA and EVA polymers.
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Table 2. Surface energy data of the used materials.

Material I'(mN/m) re re Ref.
PLA 51.1 34.9 16.1 28
EVA 41.7 33.8 7.9 29

R974 silica 18 18 0 26
SEBS-g-MA 36.3 26.2 10.1 30
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Fig. 2. TEM images with various magnification from different places of PLA/EVA/RS blend (the nanoparticles are shown typically

with arrows).
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Fig. 3. SEM images of cryo-fractured surface of samples: (a) neat PLA, (b) PLA/EVA, (c) PLA/EVA/RS, and (d) PLA/EVA/R10.
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Fig. 4. SEM images of cryo-fractured surface of samples: (a) PLA/EVA/SE, (b) PLA/EVA/SE/RS .
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Table 3. DSC results of different samples obtained from

second heating cycle.

Sample T, O | T, CO | T (O | X (%)
PLA 61.23 117.18 151 30.21
PLA/EVA 60.7 129.2 154 16.26

PLA/EVA/RS 61.64 135.18 154.95 4.55
PLA/EVA/RIO | 61.87 135.55 155.13 391
PLA/EVA/SE 61.14 134.35 154.26 2.69
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Fig. 5. DSC second heating thermograms of different samples.
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Fig. 7. Stress-strain curves of PLA/EVA blend containing

different amounts of nanosilica.
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Fig. 6. Stress-strain curves of PLA, EVA and PLA/EVA 75/25
blend.
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Table 4. Tensile properties of PLA, neat PLA/EVA blend and blend containing different amounts of nanosilica.

Sample Tensile modulus (MPa) | Tensile strength (MPa) | Elongation at break (%) | Toughness (kJ/m?)
PLA 2905.8+80.2 68.7£5.1 3.1£1.25 1080.8+70.3
PLA/EVA 1828.2+73.5 32.5+2.3 7.3+2.2 1870.6+53.4
PLA/EVA/R2 1452.34+41.2 32.542.1 15.34+3.7 4555.3+52.1
PLA/EVA/R5 1430.6+£72.9 31.7+3.7 36.3+5.1 10540+85.1
PLA/EVA/R7 1419.1+68.3 31.42+1.3 26.37+3.6 8579.8+44.9
PLA/EVA/R10 1402.8+18.4 29.4+1.9 13.95+2.1 4148.7445.2
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Table 5. Tensile properties of compatibilized PLA/EVA blend containing different amounts of nanosilica.

Sample Tensile modulus Tensile strength Elongation at break Toughness
(MPa) (MPa) (%) (kJ/m>)
PLA/EVA/SE 1200.5+53.6 25.54+2 40.1+4.7 11170.8+114
PLA/EVA/SE/R2 1220.2+13.3 28.9+3.2 48.5+6.6 14306.9+93.4
PLA/EVA/SE/R5 1140.1£38.4 27.3£1.5 141.1+£7.8 39018.2495.9
PLA/EVA/SE/R7 1129.4+28.9 28+2.1 64.5+7.9 18112.5£77.9
PLA/EVA/SE/R10 1102.1£28.4 28.8+0.19 39.27+4 .4 11755.5+68.3
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Fig. 9. Notched Izod impact strength of different samples.
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