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Mechanical properties analysis of PLA matrix polymer nanocomposite reinforced with
silica particles using improved micromechanical and molecular models

Solids Design Group, Faculty of Mechanical Engineering, Shahid Rajaee Teacher Training University of
Education, Tehran, Iran
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Department of Mechanical Engineering, Kho.C., Islamic Azad University, Khomeinishahr Jran
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Abstract

In this study, modified micromechanical models are used to predict the mechanical properties of polymer nanocomposites with a
polylactic acid (PLA) matrix and reinforced with silica nanoparticles. The mechanical properties of three nanocomposite samples
with different volume fractions, including Young's modulus and ultimate tensile strength, are investigated. Two modified
micromechanical theories including Halpin-Tsai and Kemner, are used to predict Young's moduli of nanocomposite samples.
Moreover, Nicolais-Narkis and Pukanszky equatioans are used to determine the ultimate strength. The results for Young's modulus
showed that the error of the two theories of Halpin-Tsai and Kerner in predicting the results for different volume fractions is between
0.077 and 0.4 percent and 0.19 and 2.13 percent, respectively, and both theories have predicted Young's modulus with acceptable
accuracy compared to the experimental results. In the ultimate strength models, the Pukanszky relationship has more accurate in
predicting due to the presence of correction factors. Also, based on the published results from molecular dynamics models, an
equation has been introduced that relates the molecular dynamics results to the experimental results. The coefficients of this equation
represents the effect of practical conditions such as particle aggregation and the effect of nanoparticle size.

Keywords: Nanocomposite, Young's modulus, Ultimate strength, Modified micromechanical model, Molecular dynamics, PLA.
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