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Abstract : The pressure-induced structural evolution and performance regulation mechanisms of polylactic acid/halloysite
nanotube (PLA/HNTs) composites were systematically investigated. PLA/HNTs composites were fabricated via hot-pressing tech-
nology under varying forming pressures of 10.7-20.7 kN, and the effects of pressure on molecular relaxation, interfacial structure,
and crystallization behavior were analyzed using the generalized Maxwell model, Hollomon equation, and microstructural character-
ization techniques. The results demonstrate that under moderate forming pressure of 15.7 kN, the synergistic effects of free volume
compression and molecular chain orientation significantly inhibit segmental relaxation, with the relaxation time of the storage
modulus reaching a peak value of 1.04 s. Simultaneously, HNTs exhibit uniform dispersion and alignment along the tensile direc-
tion, leading to a 77.1% increase in the Hollomon strain hardening coefficient (k=1 163.77 MPa) and a 17.3% enhancement in the
strain hardening index (n=1.019) compared to the lowest-pressure sample. Differential scanning calorimetry analysis revealed that
15.7 kN pressure reduced PLA crystallization peak temperature by 12 °C, indicating that pre-ordered molecular chain arrangements
effectively lowered the crystallization energy barrier. Scanning electron microscopy confirmed that excessive pressure (>15.7 kN)
induced internal stress and microcracks, resulting in performance degradation of composites. This study elucidates the threshold
effect of pressure on PLA matrix crystallization and effect of pressure on the synergistic regulation of HNTs dispersion-orientation,
providing a theoretical foundation for designing high-performance bio-based composites.
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Tab. 1 Fitting parameters of stress relaxation curves of composites
pi:?ﬁ;iN Rel;’;;:(’n E/MPa E/MPa AJs
10.7 3661.00 1.59x10°* 0.82
13.2 3470.90 6.17x107* 0.92
15.7 1 2 315.96 0.0159 1.02
18.2 3341.04 2.86x107* 0.93
20.7 3267.58 1.93x10°* 0.98
10.7 3661.00 8.30x10" 0.55
13.2 3470.90 8.24x10" 0.62
15.7 2 2 315.96 9.38x107 1.04
18.2 3341.04 8.46x10" 0.73
20.7 3267.58 1.49x10" 0.86
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Notes: Both £ and E, represent elastic modulus of material; E, is
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ticity of material; A, represents relaxation time.

related to energy elasticity of material, while £, is related to entropy elas-
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DMA curves of PLA/HNTs composites
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Fig. 2 Uniaxial tensile curves of PLA/HNTSs composites
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