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Modeling of the Nonlocal and Nonlinear Material 

Behavior of Many-Particle Electrodes



Hydrogen storage /Lithium storage
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Functionality of modern Li-ion batteries

FePO4 with orthorhombic symmetry
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How does the lithium storage process work ?

Phase transition within particles

Simultaneous charging of particles

Scenario 1

Two charging regimes

Homogeneous particles

Phase transition within many-particle system

Charging by the rule: One after the other

Scenario 2
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Many-particle effect of the balloon system:  One after the other !

Pressure jump

across single balloon
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Evolution equation of Fokker-Planck type
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Numerical simulation
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Numerische Simulation

Pressure jump

across single balloon
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Thermodynamic inequality for isothermal processes

2nd Law of Thermodynamics for isothermal open systems

0≤Λ−
dt

dq

dt

dA
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Thermodynamic inequality for isothermal processes

2nd Law of Thermodynamics for open systems

0≤Λ−
dt

dq

dt

dA

=A
Sum over individual free energies of the storage particle

Brownian entropy of the many-particle system∗−T
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Numerical Example
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Functionality of modern Li-ion batteries

How does the lithium storage process work ?

Phase transition within particles ?

Simultaneous charging of particles ?

Homogeneous particles ?

Phase transition within many-particle system ?

Charging by the rule: One after the other ?

Scenario 1

Scenario 2

The thermodynamic origin of hysteresis in insertion batteries

W. Dreyer, J. Jamnik, C. Guhlke, R. Huth, J. Maškon, M. Gaberšček

Nature Materials Volume 9 No 5 (2010), pp448 – 453
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