A study on the microstructure of colloidal silica-soil systems to passively lift groundwater
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Abstract (300 word limit)
By 2030, a third of the population in developing countries will reside in areas where the gap between water demand and water supply is predicted to be over 50%. Meeting this shortfall by exploiting alternative water resources, using traditional engineering technologies, will deplete valuable energy resources and incur significant cost. 
A technology that can passively enhance water availability for crop production, thus inhibiting desertification processes and mitigating drought, will benefit those whose livelihoods depend on agriculture (about 2.5 billion people on the planet according to FAO). 
The proposed technology has tremendous potential for high impact in developing countries where drought mitigation activities and strategies are scarce, and water availability is low. It will also benefit the wider population, by increasing reliable food production and hence reducing its cost.
Colloidal silica hydrogel based grouts are being investigated to develop an artificial system which enables lifting of subsurface water by capillary rise, by mimicking the wicking mechanisms via which plants evapotranspire.
Colloidal silica is an aqueous dispersion of silica particles, which are generally uniform in size and can range from several, to hundreds, of nanometres. A colloidal silica dispersion can be destabilized via the controlled application of an electrolyte. Once destabilized, silica particles form siloxane bonds (Si-O-Si), resulting in a connected matrix of nano-particles and nano-pore. Colloidal silica pore network was shown to have air-entry value in the range of 20MPa, which correspond to a theoretical capillary rise of 20km! 
A microstructural analysis (Transmission Electron Microscopy, Scanning Electron Microscopy, X-ray Computed Tomography images and synchrotron X-ray tomography) has been carried out in order to investigate the different stages of a colloidal silica grouting in soils: from colloidal silica gelling (gel formation) to the behaviour of colloidal silica during repeated cycles of drying and wetting. 
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My research focuses on the design and characterization of advanced composite systems of geomaterials and synthesised hydrogels. The nano and micro scale characterization of such systems aims to understand the role of atmospheric interactions (i.e. water evaporation), stress history and groundwater chemistry on hydro-meachnical characteristics, and allows for engineerig of advanced porous materials with unprecedented macroscopic bulk performances. My research bridges the gap between fundamental research carried out at the scale of nano-to-micro particle interaction and engineering performance at the field scale. My vision is to create and design a new generation of “super soils” which, for instance, have: enhanced water retention and adsorption capabilities for agriculture; enhanced mechanical strength for earth construction; self-healing potential for protection against desiccation cracking; zero water permeability for the formation of ground barriers against contaminant migration
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