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Abstract — Electroconvective instability is a non-linear transport phenomenon which can be found in ion-selective
transport system such as electrodialysis, Galvanic cell and electrolytic cell. The instability is triggered by the fluctuation
of space charge layer in adjacent of ion-selective surface, leading to increase of mass transport rate. Thus, in the aspect
of mass transport, the instability has an important meaning. Although recent experimental techniques have opened up an
avenue to direct visualize the instability, fundamental investigations have been conducted in limited area due to several
experimental limitations. In this work, the electroconvective instability under potentiostatic mode was solved by numerical
method in order to demonstrate correlation between current-time curve and the instability behavior. By rigorous time-
resolved analysis, the transition behaviors can be divided into three stages; formation of space charge layer - growth of
electroconvective instability - steady state. Furthermore, scaling laws of transition time were numerically obtained according
to applied voltage as well.

Key words: Electroconvective instability, lon-selective transport, Potentiostatic mode, Time-resolved analysis, Transi-
tion time
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Fig. 1. Mechanism of electroconvective instability. The fluctuation
of a space charge layer nearby ion-selective surface leads
electroconvective instability as a chaotic flow.
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Fig. 2. (a) Numerical domain. (b) Numerical results of cation con-
centration and flow stream lines when applied voltage of
potentiostatic mode was 60V
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Table 1. Characteristic scales

Physical Characteristic

quantity scale Description
2
Time = L Diftusion time scale
D
Length L y-directional length of numerical domain
RT
Electric potential V7= F Thermal voltage
Concentration < Bulk concentration
uD o
Pressure e Diffusion-scaled pressure
Flow velocity U, = Ditftusion-scaled velocity
. FDc T .
Current density i, = 7 Diffusion-limited current density
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Table 2. Numerical parameters and used values

Parameter Value Description
Sc 1000 Schmidt number
K 0.5 Electrohydrodynamic coupling constant
2 D 0.001 Debye length
v 25-100 Applied voltage of potentiostatic mode
N 2 Donnan concentration
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Fig. 3. Sequential images of (a) cation concentration and (b) space charge when applied voltage of potentiostatic mode was 60V
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Fig. 4. Numerically quantified current density and RMS velocity as
a function of time when applied voltage of potentiostatic
mode was 60V
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: Fitting parameter

: Bulk concentration [mol/m?]

: Dimensionless cation concentration

: Dimensionless anion concentration

: Diffusivity [m%/s]

: Faraday constant [C/mol]

: Initial growth rate [1/s]

: Dimensionless growth rate

: Diffusion-limited current density

: Dimensionless current density

: Dimensionless current density of steady-state

: y-directional length of numerical domain [m]

: Dimensionless Donnan concentration

: Dimensionless pressure

: Gas constant [J/mol/K]

: Temperature [K]

: Schmidt number

: Dimensionless time

: Dimensionless onset time of electroconvective instability
: Characteristic velocity scale

: Dimensionless root-mean-square velocity

: Dimensionless flow field

: Dimensionless applied voltage of potentiostatic mode
: Thermal voltage scale [V]

: Positions in the Cartesian coordinate system [m]
: Dimensionless positions in the Cartesian coordinate systems
: Electrical permittivity [F/m]

: Dimensionless electrical potential

: Electrohydrodynamic coupling constant

: Dimensionless Debye length

: Viscosity [Pa-s]

: Density [kg/m?]

: Diffusion time scale

: Relaxation time
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