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Introduction
 Reverse Electrodialysis process
e Modelling goals

Model development
e System definition
* Governing equations
* Model calibration

Results

 Concentration profiles inside channels

* Electric potential through the stack
e Salt fluxes through membranes
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Reverse Electrodialysis Technology
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1. Introduction

Modelling goals

Modelling

3. Results

Investigated physics
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System definition and model assumptions

Model assumptions:

Empty channels

 NaCl aqueous solutions

* Negligible solvent flux through membranes

 Adopting Nernst-Planck equation

* Activity coefficients equal to unity

* Adopting Einstein relation for ion diffusion coefficient
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Governing equations

e Laminar flow for Newtonian fluid:

ou 5
Vu=20 pa+pul7u=—l7P+ul7 u+F

* Transport equation through solutions (Nernst-Planck model):

Ni = _Di VCi — Ziu’m,iFCiV(pl + Uuc;

[ = FZ z;(—D;V¢; = zZjum  FC;V D) Z 2i¢; =0
i

* Electrode kinetics (Butler-Volmer theory):
. [ (CZG_F?’]) (—CZCFT])]
[ =1iylexp RT exp BT

Vi =F ) iR Q)
i

- ——=<

RED process with seawater and‘concentrate-d brines — COMSOL Conference Rotterdam 2013 6/12'-

e -



1. Introduction 2. Modelling

Model tuning/validation
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Concentration profiles along channels
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3. Results

Electric potential through the stack
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Salt fluxes through membranes

Total flux (mol/(m?#s)) vy

xlD-E T T T T T T T T T T T T T T

0 _ ) : \}\
5 b i
— MNa
a0k —l T
— Fe2(CN)&
Fe3(CMNIE
15 F i
— Sum electrode
Ma-Cl

0 0.0001 0,0002 00003 0.0004 0.0005 0.000&8 00,0007 00008 00008 0001 00011 00012 0.0013 0.0014 00015
Distance from anode (m)

Flux, x component (mol/{im?*s))

RED process with seawater and concentrated brines — COMSOL Conference Rotterdam 2013 10/12



1. Introduction 2. Modelling 3. Results 4. Conclusions

Conclusions

v" Model validated on experimental data under different conditions
v Simplified approach to simulate both fluid dynamics/electrochemical

phenomena

Next steps

» Activity coefficients evaluation
* Mechanical analysis on membranes

e Description of Donnan Potentials across membranes
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