From Electro-Hydro-Dynamics of liquids for the production of charged droplets by Electro-Spray to applications for tailored Materials (aerosols, powders, coatings) and Environment

On the last decades, there have been considerable break-through on Electro-Spray as a simple, compact and flexible process to achieve the continuous production of charged droplets from any liquid (ES).

First used for painting with multi-ES rotative cup or crop spraying, where the droplet size was not considered as critical, more than 3000 publications support the interest in this process since the 1990's. Most deals with two applications; for bio-molecules analysis, where electro-spray is used as an ion source for mass spectrometry awarded by Fenn's Nobel prize. Then, to produce polymer fibers by "Electro-Spinning" for filters, fabrics and more generally for membranes with large specific areas for enhanced interfacial processes. Both are well documented and are thus not covered here. Readers can refer to following key words for low pressure processes (ESIonisation, ES thrusters for satellite repositioning, metal droplets and molecular layer deposition for coatings) and for atmospheric pressure electro-spinning.

This special issue aims to trigger scientists and process engineers' interest for "electro-spray, as a tunable source of monodisperse charged droplets in processes for Materials and Environment, with current developments and challenging perspectives".

The initial theoretical overview of Electro-Hydro Dynamics deformation and fragmentation of liquids into droplets accounts for the different spraying modes. A particular attention is paid to the most suitable conejet mode with respect to finely tuned droplet sizes (nm-mm) defined by scaling laws up to spray development, versus liquid properties and operating parameters -liquid flowrate and voltage, gas pressure and nozzle geometry-. This includes the quasi-stationary EHD equilibrium defining the cone and jet shapes and operating conditions as well as electro-kinetic models to account for co-axial ES, mainly used for the production of high-added value core-shell composite particles, with applications in the following part.

Important practical applications of self-dispersed charged sprays from electro-spray in cone jet mode are presented with reviews on process principles and devices for the production of tailored materials (aerosol, powder and coating). Here, he particular case of polymer ES is addressed. Then, continuous atmospheric pressure ES Deposition of different coatings from homogeneous pinhole free to nano-composite coatings using ES of suspensions are presented for energy production, conversion and storage in fuel and photovoltaic cells, low cost LED and OLED,... Then, Bio-applications of ES are depicted for the processing of functional coatings required for cell targeting, imaging, and drug delivery with core-shell particles as well as of structural coating for implants and sensors, including preparation of bio-suspensions and emulsions by ES.

The last part focusses on water electro-spray for environmental applications to air and water treatments. Aerosol filtration from exhaust fumes and smokes is depicted in a particular steady corona-assisted cone-jet mode of water electro-spray. At last, potential applications of ES for water desalination and metal recovery are addressed.