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A schematic of the functionalization of the nanoparticles along with
photographic images of the water droplets on spray-coated microscope slides. An
environmentally friendly superhydrophobic coating to superhydrophilic coating
for antifogging and antifouling according to scientists at Swansea University.
Credit: Shirin Alexander Swansea University

'Green' project led by Swansea scientists could replace more expensive
and hazardous materials used for waterproofing and antifouling/fogging.

New materials have been developed by scientists in the Energy Safety
Research Institute (ESRI) at Swansea University which is nontoxic,
economical and shows promise to replace more expensive and hazardous
materials used for waterproofing and antifouling/fogging.

A new class of nanomaterials with tunable wettability have important
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applications ranging from antifouling to water proofing surfaces.
Materials made by scientists at Swansea University are inexpensive,
nontoxic and can be applied to a variety of surfaces via spray- or spin-
coating.

The researchers led by Dr. Shirin Alexander and Professor Andrew
Barron reported their find in the American Chemical Society open
access journal ACS Omega.

The spray coated nanomaterials provide both a texture to the surfaces,
regardless of the substrate, and the chemical functionality that can alter
the surface from superhydrophilic (water wetting) to superhydrophobic
(water repelling) based on the choice of tailored functionality.

Fabrication and testing of low surface energy to high surface energy 
materials were carried out by Wafaa Al-Shatty a master student at the
Energy Safety Research Institute at the Swansea University Bay Campus.

There, she synthesized aluminum oxide nanoparticles using hydrocarbon
linear and branched carboxylic acids (with different surface energies) to
demonstrate that hydrophobicity can be readily tuned based on the
nature of the chemical functionality. The research demonstrates that
subtle changes in the organic chain enable the control of surface
wettability, roughness, surface energy and the nanoparticles ability to
behave as surface active agents.

Both hydrophobicity and hydrophilicity are reinforced by roughness.
Nanoparticles with the methoxy (-OCH3) functionality exhibit high
surface energy and therefore superhydrophilicity properties. On the
other hand branched hydrocarbons reduce the surface energy. Spiky
(branched) chains are the first line of defense against water alongside
surface roughness (caused by nanoparticles in both cases). This
minimizes contact between the surface and water droplets, which allows
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them to slide off.

To be superhydrophobic, a material has to have a water contact angle
larger than 150 degrees, while superhydrophilic surfaces are material
whose surfaces exhibits water contact angles lower than 10 degrees.
Contact angle is the angle at which the surface of the water meets the
surface of the material.

The hydrocarbon-based superhydrophobic material may be a "green"
replacement for costly, hazardous fluorocarbons commonly used for
superhydrophobic applications. "They also are able to reduce the
interfacial tension of various oils-water emulsions by behaving as surface
active agents (surfactants)", Alexander said. The understanding of the
relationships between the superhydrophobic and superhydrophilic
nanoparticles and the resulting oil stability, emulsion properties and 
interfacial tension at the oil/water boundary is highly instructive yielding
insights that could greatly benefit the future development of greater
efficiency in the recovery of oil through enhanced oil recovery (EOR)
methods.

The team is working to improve the material's durability on various
substrates, as well as looking at large-scale application to surfaces.

  More information: Wafaa Al-Shatty et al, Tunable Surface Properties
of Aluminum Oxide Nanoparticles from Highly Hydrophobic to Highly
Hydrophilic, ACS Omega (2017). DOI: 10.1021/acsomega.7b00279
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