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Research questions

1. Does pore architecture directly control fast charging?

2. Which structural descriptors govern transport?

3. Can porous electrodes be computationally optimised?

V I S U A L  C U E

Supercapacitors: Tortuosity and directional 
transport shows how geometry steers ion 
pathways across in-plane and through-plane 
directions.

Batteries: Li intercalation process highly depend 
on porous media
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Strategy for developing a more general methodology

N a m e  C o d i n g :
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O U T L O O K

Where this work goes next

● Multi-scale architectures (nano- to 
micro-)

● Extension to Si composite batteries

Thank you
Questions welcome.
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11Second-order Bruggeman comparison for anisotropic inclusions
Needles vs disks using known D₁, D₂ and phase fractions ϕ₁, ϕ₂

BRUGGEMAN EXPANSIONS

First order Dₑff / D₁ = 1 + A·ϕ₂

Second order Dₑff / D₁ = 1 + A·ϕ₂ + B·ϕ₂²

Needles Aₙ = ((D₂−5D₁)(D₂−D₁)) / (3D₁(D₂+D₁))

Disks Aᴅ = ((2D₂+D₁)(D₂−D₁)) / (3D₁D₂)

ϕ₁ + ϕ₂ = 1;  D₂ > D₁
B terms are the quadratic coefficients 
from expanding the same Bruggeman 
increment to O(ϕ₂²).

OBSERVATION

Disks show a stronger enhancement when D₂ > D₁.

Second order is close to first order at low ϕ₂, but diverges as ϕ₂ 
grows.

Needle-like inclusions remain comparatively less sensitive to 
ϕ₂ for this contrast.

✓ Add the second-order term to visualize when dilute Bruggeman predictions begin to depart from the linear approximation.
Use the same plot with your measured D₁, D₂ and ϕ₂ range to compare against the microstructure-based transport simulations.
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