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Electro-kinetic processes in low permeable POrous media: A Numerical approach

Introduction

Electro osmosis process Is important for groundwater
contaminant remediation, water and salt extraction. It
combines hydraulic, concentration, and electric field
effects (Figure 1), so it is a multiphysic coupling
problem. In this study, we analyze the transient
behavior of the pressure distribution, the
concentration distribution and the electrical potential
distribution In a homogeneous clay sample. The
research consist of two parts:

1) Darcy scale numerical modeling of the fully

coupled equations
2) A laboratory experiment for model validation
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Theory and method

The governing flux equations is
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Where k,, 1s electro osmotic permeability
[m™2/(V*s)],F 1s Faraday constant [F/m], z 1s
valence number [-], u 1s 1ons mobility [m"2/(V*s]) ,®
1s electric potential [V].

The hydraulic boundary condition for our study
experiment cell 1s assumed to be Dirichlet boundary
condition. Initially, hydraulic pressure across the
sample and two reservoir 1s set to OPa. The solute
concentration in the anode side is 0.3[mol/m?], the
background solution inside sample and cathode side 1s
0.1[mol/m?].

The external applied electric field 1s 1[V/cm]. The
parameter of the model is presented in Table 1.
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Conclusions

In the modeling result, we clearly observe the effects
of the Interaction between the ion migration and the
electrical field. Initially the concentration front
movement Is dominated by diffusion and at later
times by electric effects.

The minimum pressure across the sample goes
down first and move up later. The potential
distribution also have same trend.

In the lab, we investigate the distribution of pH

value and monitor the variable continuous, which will
validate the numerical result.
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The electric field gradient is close to constant as can be

observed in Figure 3c, and increases slightly with
concentration change. When the ions diffuse into the
column, the apparent electric conductivity decreases a
little close to the anode. The potential will reach
equilibrium when the solute is uniformly distributed
Inside sample.
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approaches the cathode, the electric field mainly affect
solute transport process.

International Research
Training Group

oggo n u P u S

Figure 2.Photograph of Electrokinetic experiment.




