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A number of problems in materials science involve the transport of mobile species in 
materials, e.g. hydrogen diffusion in alloys, lithium diffusion in battery electrodes, solvent 
transport in polymer networks and gels, to name only a few. The diffusion medium is often 
heterogeneous, comprising phases, pores and interfaces with distinct thermodynamic 
(chemical capacity) and transport (mobility coefficients) properties. Physics-based chemo-
mechanical theories are highly desirable to describe the (visco-)plastic behaviour of such 
materials at a macroscopic scale. 

Most thermodynamic models of diffusion, coupled or not with mechanics, rely on the 
assumption of a local equilibrium, i.e. a well defined relation between a local chemical 
potential and concentration of the considered species. Dissipative processes are then 
necessarily related to diffusion. Although this assumption is valid in many practical cases, it 
may become questionable when characteristic times at the macroscale become small enough 
to be comparable to characteristic times of the microscale. This situation can be encountered 
upon fast (mechanical or chemical) loading at the macroscale, but also for complex, 
heterogeneous microstructures with contrasted diffusion properties. The assumption of local 
equilibrium at the macroscopic scale should then be reconsidered, and constitutive models 
constructed allowing for non-unique relationship between concentration and chemical 
potential. The idea of non-equilibrium chemical potential has been proposed in [1] (where it 
was coupled to plasticity) and more recently in [2] in the context of binary solutions subject to 
concurrent creep and diffusion.  

In this talk, we first present a variational formulation of coupled diffusion-mechanics 
problems, extending the framework proposed in [3]. This framework allows us to formulate 
coupled boundary-value problems as the optimization of a scalar functional, endowing the 
formulation with nice mathematical properties (such as symmetry). By treating displacements 
and chemical potential as primal variables (and concentrations as internal variables), the 
formulation is well suited for the implementation of non-equilibrium chemical constitutive 
relations. For example, we will illustrate the coupling between concentration rate-dependency 
and plasticity as proposed in [1] through several numerical examples.   

Next, we motivate the occurrence of local non-equilibrium chemical effects at the macroscale 
by analyzing the response of Representative Volume Elements of microstructures in which 
the constituents locally obey equilibrium constitutive relations but have contrasted transport 
properties. This analysis both justifies some of our assumptions in the formulation of the 
macroscopic constitutive models, and allows us to calibrate some of the material constants 
introduced in the non-equilibrium chemical constitutive relations.  
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