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ABSTRACT

ypothesis: Poly(lactic acid) (PLA) is one of the most promising biodegradable
Hpolymers owing to its renewability, high mechanical strength, stiffness, and
biocompatibility. However, its inherent brittleness considerably limits its
engineering applications. Although blending PLA with poly(butylene adipate-co-
terephthalate) (PBAT) is an effective strategy for improving toughness, the poor
interfacial compatibility between the two polymers results in an unfavorable phase
morphology and restricts the simultaneous enhancement of strength and toughness. It
was hypothesized that trifluoropropyl polyhedral oligomeric silsesquioxane (F-POSS)
nanoparticles by improving the blend morphology and interfacial adhesion, could

enhance mechanical properties of PLA/PBAT blends.
Methods: PLA/PBAT blends with a weight ratio of 75/25 and nanocomposites
containing 1, 3, and 5% (by wt) F-POSS nanoparticles were prepared by melt mixing.
The phase morphology and nanoparticle localization were characterized by SEM
and TEM, respectively. The rheological behavior was investigated by oscillatory
PLA rheometry, while crystallization behavior was studied using DSC. Tensile tests were

’ performed to evaluate mechanical performance of the blends.

PBAT, Findings: TEM observations revealed that F-POSS nanoparticles were predominantly
localized in the PLA matrix, while a portion of the nanoparticles was also distributed

trifl | polyhedral . . . S
SR Papiise e at the PLA/PBAT interface. The incorporation of F-POSS significantly refined the

oligomeric silsesquioxane, PBAT dispersed phase, narrowed the particle size distribution, enhanced interfacial
morphology, adhesion, and reduced the matrix ligament thickness (t), with the lowest t being

: obtained for the blend containing 3% (by wt) F-POSS. Rheological analysis indicated

toughening a lubrication effect of F-POSS at low nanoparticle loading, whereas nanoparticle

aggregation became dominant at higher concentrations. The DSC results showed that
low F-POSS contents shifted the cold crystallization temperature of PLA to lower
values without significantly affecting its crystallinity. The blend containing 3% (by
wt) F-POSS exhibited the most pronounced improvement in ductility and tensile
toughness. It was observed that extensive shear yielding of the PLA matrix was
primarily responsible for the remarkable toughening of the blend.
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Fig. 4. SEM images of the cryo-fractured (a) neat PLA/PBAT, (b) PLA/PBAT/1%, (c) LA/PBAT/3%, and (d) PLA/PBAT/5%. The

scale bars correspond to 20 pm.
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Table 3. Number (D,) and volume (D) average diameter and

also polydispersity (PD) of dispersed PBAT phase for the

samples.
Sample D, (um) D, (um) PD
PLA/PBAT 3.8 4.9 1.29
PLA/PBAT/1% 3 3.7 1.23
PLA/PBAT/3% 1 1.1 1.1
PLA/PBAT/5% 1.8 2.05 1.14
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Fig. 5. EDX maping image for PLA/PBAT blend contaning
5% (by wt) F-POSS.
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Fig. 6. Tensile behavior of neat PLA and PBAT.
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Fig. 7. Tensile behavior of PLA/PBAT blend in presence of

different content of nanoparticles.
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Table 4. Tensile date for PLA, neat PLA/PBAT and blends with different content of F-POSS nanoparticles.

Sl Tensile modulus Tensile strength Elongation at break Toughness
(MPa) (MPa) (%) MJ/m?
PLA 2905+80 68.745.1 3.1+1.25 1.080+0.7
PLA/PBAT 1837.2+63.5 33.3+3.3 143.3£13.4 2.914+0.0523
PLA/PBAT/1% 1625.7+68.2 33.943.3 212.6+14.4 4.969+0.043
PLA/PBAT/3% 1600.9+73.4 34.4+2.8 483+13.4 10.558+0.0851
PLA/PBAT/5% 1540.5+48.8 31.4+1.5 133.4+13.6 2.540+0.045
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Fig. 8. Frequency sweep behavior of (a) storage modulus and (b) loss modulus for different samples.
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Fig. 9. Frequency sweep behavior of complex viscosity for

different samples.
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Table 5. DSC data of different samples obtained from second heating cycle.

Sample T, (°C) T (°C) T (°C) T (°C) X (%)
PLA 61.23 118.1 151 ; 30.21
PLA/PBAT 61.67 118.83 152.17 - 28.85
PLA/PBAT/1% 61.33 114.83 150.17 155.67 28.51
PLA/PBAT/3% 61.21 115.5 150.5 155.5 28.68
PLA/PBAT/5% 61.17 116.33 150.8 155.17 29.2
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Fig. 11. The cooling scan of DSC of neat PLA and PLA/

PBAT blend in presence of different content of nanoparticles.
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Fig. 10. The second heating scan of DSC of neat PLA and PLA/

PBAT blend in presence of different content of nanoparticles.
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Fig. 12. SEM images of the tensile-fractured surface of representative samples: (a) PLA, (b) PLA/PBAT, (c) PLA/PBAT/3%.
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Table 6. Matrix ligament thickness (t) in different samples.
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PLA/PBAT 3.75
PLA/PBAT/1% 2.20
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