Diffusiophoresis in porous media for groundwater remediation
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A novel approach considers the concentration gradient generated by pollutants to drive particies toward contaminat
This particle transport driven by concentration gradients is known as drl‘ﬁmwﬁmm
This phenomenon remains poorly studied in porous media, and existing models are largely limited to simphfied cases.
A key question is how to incorporate diffusiophoresis into transport mechanisms within porous media.
We propose a model and OpenFOAM simulations to study particle movement in porous media uﬂdefsmute concentraion ¢
This will help improve understanding of how to model diffusiophoresis in dead-end pore TUS Media

1) Introduction . 3) Modelling results

The presence of pollutants in soils and subsurface geological formations ; « - LA i .
B boses a serious threat to groundwater quality, often leading to Comparison with literature experiment

8l contaminantion that renders the resource
unusable. Effective remediation requires
| strategies capable of reaching the most emra&
il Isolated zones within the porous matrix. h j
§ One approach is to use particles as
| decontaminants. In this context, we
| explore diffusiophoresis—the directed
| movement of particles under solute
concentration gradients—as a promising
§ mechanism to enhance particle transport
8l in contaminated porous media. In
| particular how can diffusiophoresis be
effectively incorporated into models of
transport particle movement in complex 8 | We compare qur QpenFfOAM simuiestions with exgeriment=l resuits oy
porous media during groundwater the literature under two conditions: (i} without z concanir=tion gradient
remediation? R s and (ir) with a concentration gradient.

No solute concentration gradient

Expernimental set-up :
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2) Modelling I R
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Diffusiophoresis

fl Diffusiophoresis refers to the motion of microscopic colloidal particles

{ driven by local solute concentration gradients, as first described by

| Derjaguin et al. (1947). For instance, trapped NAPL (Non-Agueous Phase

| Liquid) within porous media can release chemical compounds, creating =) Particie enter anly st the entrance of the .
ocal concentration gradients that influence the movement of colloidal

particles.

The phoretic motion of particle are physically given by two components
: Electroosmasis Chemiosmasis
| VElmaot et ot (aenn] (Electrophoresis) ___ (Chemipharesis)

=@ Electrophoresis is the migration of
charged particles suspended in a
solution of fluid under the influence of a
local electric field, which exerts a force
on the surface of the charged particle.
|=P Chemiphoresis is the movement of , cyaterion f,.,
particlies induced by 3 solute @ coion e
concentration gradient that generates an

| osmotic pressure gradient along the

| particle surface.

Shin (2G20)
The phoretic motion Iis proportional to a mobility E,; ana g solute

concentration Cs i Udp — RN In C =@ Particie goes in the dead-end pores under the ofeenee: of the <ol |
Gover m'ng equatlon of fluid velocity cancentration gradient .
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_\;‘z)_ + vAw-— - B gracient
0w |

u : fluid velocity v kKinematic mscos:ty

p: pressure k : permeabiiity 4) COHCEUSEO”

Governing equation of part:cle concentration

This modelling framewark mghiights i
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' particle concentration 1J),: particle diffusivity
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