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1) Study context

With the development of the social economy and the population growth, the increasing demand for
water resources is highlighted [1]. However, many water resources on earth cannot be used directly.
Water treatment has attracted the attention of scientific community. Among water pollutants, heavy
metal ions, organic pollutants, and high concentration of mineral salts are the most representative
[2]. In this latter case, scaling phenomenon, principally formed by calcium carbonate CaCO3, leads
to technical and economic problems in industry. Environmental and health issues lead laboratories
to seek new methods of detection to determine and quantify CaCO3 nuclei/crystals in water or on
surfaces.

The purposes of this project are the development of a sustainable sensor for water analysis and to
propose green solutions against scaling using sacrificial anode of metallic alloys. The sustainable
sensor will be based on electrical conductivity and electrochemical measurements. It will be included
in an electrochemical cell in order to determine CaCO3 crystals, obtained by homogeneous and
heterogeneous precipitation, with a change of electrical conductivity in the former and electrode
coverage in the latter. The treatment will be performed by metallic cations delivery and controlled
with a selected electrochemical process. The efficiency evaluation will be performed through the
new sensor device developped here.

2) Details of the proposal

The project has three main parts:

1/ Development of the sensor combining conductimetric and electrochemical devices
2/ Analysis of the water with classical tools like FCP, EIS, EQCM and SQCM

3/ Find green solution for water treatment against scaling (sacrificial anode)

The sensor will be built at the LISE laboratory, Sorbonne Université. It consists on interdigitated
electrodes deposited on a support which allows the conductivity of the electrolyte to be measured.
On the same support, a working electrode will be deposited associated to an Ag/AgCl reference
electrode and a large Pt counter electrode. The changes in water can assessed by the
measurements of the conductivity and the WE to allow the scaling potential to be determined: the
homogeneous precipitation will be assessed by the electrical conductivity measurements and the
heterogeneous precipitation will be followed by the WE.

To test the efficiency of the sensor, it will be calibrated with synthetic water at different CaCO3
concentrations. The water will be previously analyzed by quartz crystal microbalance coupled with
electrochemistry (EQCM) and the fast controlled precipitation (FCP) method. Some green solutions
will be proposed to apply a treatment to the polluted water. A sacrificial anode will be used as
antiscaling treatment and the efficiency of this treatment will be estimated by the use of this sensor.
The laboratory LISE has already good skills in water treatment especially in scale inhibition [3, 4].

At the same time, the inductively coupled plasma (ICP) set-up will be associated at our
measurements [5, 6]. The ICP allows the concentration of 40 elements simultaneously in water to be
determined and measured . This technique is very sensitive since the detected concentration is in
the ppb range.




This project will be developed within the LISE in Paris, which is part of Sorbonne Université. The
laboratory is highly qualified in deposits and surface treatments (https://www.lise.upmc.fr/). This
work will be carried out in collaboration with the EPF, an engineering school located at Cachan.
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» Materials science or physical chemistry obtained with excellent grades.
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