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Migration of ions under electric field is the phenomenon behind the mechanical deformation of 

ionic polymer actuators. This transport process is influenced by numerous factors depending on the 

physical, chemical and electrical properties of the material used [1]. Among them porosity and 

tortuosity are one of the main influencing factors that modifies ion channels and so the properties of 

the material [2].  In this work, microstructural mathematical analysis of ion transport and 

mechanical deformation of the ionic polymer actuator with porous electrode is examined. A three 

dimensional Multiphysics model of trilayer actuator with porous carbon electrodes and ion 

conductive separator membrane is presented. Porous electrode theory considering the effects 

porosity and tortuosity in each of the layer are incorporated in the model. The actuator samples are 

prepared and experiments are conducted in order to measure the key parameters and also to verify 

the accuracy of the developed model. Chemo electro and mechanical response models of the 

material are coupled together and solved numerically using finite element method.  The result 

shows that the theoretical model developed was able to well predict the behaviour of the actuator. It 

is also shown that the conductivity, double layer capacitance and so the mechanical deformation is 

highly influenced by the porosity of the material. This study provides a comprehensive 

understanding of behaviour of ion transport in actuators made of porous carbon electrode. 
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