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Monte Carlo simulations are used to create 2D filler networks, where polygons represent the
fillers. We employ the hard-core soft-shell (HCSS) model to ensure impenetrability and
simulate realistic particle interactions. Electrical conductivity is evaluated using a resistor
network and Kirchhoff matrix calculations. The study investigates how percolation thresholds
and scaling exponents are influenced by stacking effects and aspect ratio. The results
highlight that HCSS networks exhibit higher percolation thresholds than soft polygon systems
due to geometric constraints. Stacking caused by the hard-core constraint significantly
influences electrical properties, as it reduces the number of direct conductive pathways and
infroduces contact resistance. This effect leads to an approximately 3.5 times higher
percolation threshold compared to ideal fillers, emphasizing the importance of interparticle
interactions in network formation. Additionally, we observe that the percolation exponent
decreases as stacking increases, indicating a shift in fransport behaviour due to the
constrained connectivity in stacked networks.
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Figure 1: (a) Morphology of polygonal fillers, with histogram showing the distribution of sides
and diameters. (b) Hard-core soft-shell (HCSS) model illustrating the impenetrable hard-
core region (2D face) surrounded by a soft shell. (c) Growing method used to determine

the percolation threshold while maintaining aspect ratio [1]. (d) Percolation threshold results

as a function of aspect ratio, comparing ideal HCSS polygons and idea 2D filler [2]. (e)
Dependence of the percolation exponent on filler concentration, showing how stacking
influences scaling behaviour.
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