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Multiscale Design of Piezoelectric PLA/BaTiO; Composites for
Electrically Active Bone Grafts
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INTRODUCTION & AIM METHOD

FEM-based RVE homogenization

Piezoelectric scaffolds for bone regeneration

Bone is an electromechanically active tissue, where mechanical loading 1. RVE periodicity 2. Homogenlzatlon procedure 3. Geometry and material properties
Mechanical load cases RVE geometry
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and regeneration. Piezoelectric scaffolds aim to reproduce this coupling, T e  —ooiy —qo, " Particlelcell size varied to control
supporting the design of bioactive bone grafts with both structural and microstructural architecture
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PLA/BaTiO; composites and computational design

Barium titanate (BaTiO;, BT) is a high-permittivity piezoelectric ceramic
previously explored in polymeric scaffolds for tissue engineering applications <~y Dst,  BTNP Homogenized elasticity tensor \
[3]. When dispersed in biodegradable PLA-based matrices, BT can introduce | | - <g.<f>> * Small-strainregime |

electromechanical functionality while preserving processability. Mechanical and electrical cell periodicity Cﬁff: VP BaTiO; polarization axis aligned with
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However, the effective response strongly depends on microstructural
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Homogenized piezoelectric tensor

features such as filler content, particle distribution, and matrix properties. Vast = Vsre + Eavg (Tast = Torc) (D,Pz,m) Explored parameters
Therefore, FEM-based computational homogenization is used here to link Linear piezoelectric constitutive law e = l(s) I|\3/Ia¥ié elasl:tic m?dultl_ls
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properties, supporting the rational design of electrically active bone graft E=s'0+d'E i (Dp) I3 Comsol Multyphysics 6.0
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FUTURE WORK/

CONCLUSIONS
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« A FEM-based RVE homogenization framework was developed to predict the

effective electromechanical response of PLA/BT composites. Future work
« BT volume fraction moderately increased the effective dielectric permittivity, « Extend the model to random particle distributions and non-ideal particle-matrix interfaces.
consistently with isolated high-permittivity inclusions in a low-permittivity PLA « Couple the homogenized composite properties with scaffold-scale geometries.
matrix. « Validate the numerical predictions through experimental mechanical and piezoelectric characterization and finally
+ Local electric field maps showed field amplification in the surrounding polymer. ~ assess cell response under mechanically induced electrical stimulation.
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