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• Basics of electrochemical simulation andBasics of electrochemical simulation and 
modeling

• State of the art• State of the art

• Needs for a general tool

• Application of Comsol Multiphysics 



Basics of electrochemical simulationBasics of electrochemical simulation

Electrochemistry is really multiphysics!ect oc e st y s ea y u t p ys cs!
Diffusion
Diffusion convection

More Exotic:
MagnetohydrodynamicsDiffusion convection

Migration
Closed form solutions of transport equation don’t

Maxwell’s electrochemistry
Phase‐field modelling

Closed form solutions of transport equation don t 
exist for most of this problems

Need for discretization for the non‐linear nature of the problems 
geometry and boundary conditions



State of the artState of the art

Finite Differences Finite Elements
• Easy to implement but difficult to 

extend to multidimentional 
problems for general boundary 

• Difficult to implement respect the 
FD

• More general as they allow the 
straightforward

conditions
straightforward 
implemementation for the 
simulation of complex shapes in 
2D and 3D.
Th ti l f k i• Theoretical framework is very 
well developed allowing error 
extimation and adaptive 
techniques

The use of finite elements in electrochemistry shows more 
generality and it’s the best choice for a tool aiming at general g y g g
electrochemical simulations.



Needs for a general tool

Flexibility                 Finite elements  

Equation couplingq p g

Immediacy               No need to be a  
computer scientist



Applications of COMSOL multiphysics/1
Mi l d i l iMicroelectrode arrays simulation

1)Cyclic Voltammetry (CV) at microelectrodes 
arrayarray

2)Electrodes in the diffusion convection regimes

3)Magnetoelectrochemistry

4)Phase Field modelling of electrodeposition4)Phase Field modelling of electrodeposition



Applications of COMSOL Multiphysics/2
Cyclic Voltammetry (CV) at microelectrodes array



Applications of COMSOL Multiphysics/3
Electrodes in the diffusion convection regimesElectrodes in the diffusion convection regimes



Applications of COMSOL multiphysics/4
l h iMagnetoelectrochemistry

Reverse FlowReverse Flow 
Occurrence at High 
Magnetohydrodynamic g y y
Numbers



Applications of COMSOL multiphysics/4
h fi ld d li f l d i iPhase‐field modeling of electrodeposition

Electrodeposited Copper



ConclusionsConclusions

• COMSOL multiphysics has been successfullyCOMSOL multiphysics has been successfully 
applied  to the simulation of a variety of  
electrochemical experimentselectrochemical experiments

Th i id h ibili• The same environment provide the possibility 
of simulating experiments in the whole range 
f l h iof electrochemistry




