Electrochemical Synthesis of Calcareous
Structures in Sea Water
B. Kabbadj*a, B. Riffaulta, M. Jeanninb, R. Sabotb, S. Gascoinc, D. Chateignerc, et O. Gila
ABTEa - Université de Caen / LASIEb - Université de la Rochelle / CRISMATc – ENSICAEN

2ème année de thèse
brahim.kabbadj@etu.unicaen.fr

Electrochemical Assembly

Objective
The aim of this study is to use the chemical species present in quantity in
the naturel environment to form calcareous material by sea water
electrolysis. Composed mainly by Ca2+, Mg2+ and CO32-, calcareous
deposit is a non-conductive inorganic solid formed on steel under cathodic
protection. This green process can be applied in coastal areas stabilization
(cliffs, beaches, coral reefs) or in the construction of coastal structures
(embankments, dams, ports).
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Problematic
Previous calcareous studies have focused on the synthesis of thin deposits
for surface covering. Our study will focus on deposit growth in volume,
forming a 3D block.

Results

Process
Cathodic reactions :
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The interface becomes
basic and shifts the
carbon equilibrium toward
carbonates:

Experiments were led in artificial or natural sea water. An electrochemical
classical 3-electrodes cell with a double wall in glass for the temperature
control was used. Its large volume (1000 mL) restricted the variations of
species concentrations during deposition. Calcareous deposits were formed
on steel at potentials varying from -0.9 to -1.3 V/AgAgCl and at
temperatures comprises between 10 and 40 °C.

Scaling principle comprises applying
a sufficiently cathodic potential that
induces
the
electrochemical
reduction reactions of dissolved
oxygen and water. It corresponds to
sea water electrolysis.

Chronoamperometric curves for calcareous deposition :
Scaling is followed by chronoamperometric measurements. The current
decreases gradually as the surface is covered.

-1,1 V/AgAgCl

Hydrogene
-1,2 V/AgAgCl

H2CO3 / HCO3-/ CO32-

Observations by SEM microscopy and EDS microanalysis:
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So there is precipitation :
Ca2+ + CO32Mg2++ 2OH-

Release of

For more cathodic
potential the surface
coverage
is
less
uniform leading to
more porous deposits.
Reduction
reactions
can continue and
deposits keep growing.
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Applications

Raman Spectroscopy :
Results show that there are two
principal phases:
Aragonite (CaCO3) and Brucite
(Mg(OH)2) that is always
majority. For more cathodic
potentials we tend to form even
more brucite.

Conclusions and Perspectives

•
•
•
•

Layout of the coastline (dams, thrown ..)
Restoration and conservation of coral reefs
Protection and fixing of offshore structures
Stabilization of cliffs and beaches

Laboratory tests show that for short periods, thin and uniform
deposits are obtained for low cathodic potentials. Unlike, less uniform
and more developed 3D deposits are synthetized for more cathodic
potentials.
The relative composition of aragonite and brucite depends on the
applied potential and will have direct consequences on the mechanical
properties of the deposit.
Two tanks of 40 liters were made in order to realize long time and big
scale experiments in natural environments at Marine Station of Luc
sur Mer. Steel structures will be immersed in sea water or buried in
sediments.
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