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Over the past couple of decades, as the demands for low-VOC coatings have grown, there
have been intensified efforts to improve the properties of waterborne coatings and
adhesives. This class of coating relies on the film formation process, in which stable polymer
colloids are transformed into a cohesive binder. The design of a formulation (such as the
selection of colloidal particle size ratios and volume ratios) and the processing conditions
(such as temperature and humidity) can markedly influence the structure of a waterborne
coating. In turn, the functional properties — such as adhesion, gloss, friction, and wetting —
are affected by the composition and surface structure at the nanometer and micrometer
length scales. In this lecture, I will review some of the progress made in using the
combination of formulation and processing to achieve the desired properties. For instance,
when hard polymer nanoparticles create a percolating structure in a soft adhesive, the
tackiness can be “switched off” when the nanoparticles are sintered together. In optical
coatings, the organisation of Au plasmonic nanoparticles within a polymer film can be
adjusted to increase extinction at particular wavelengths. Our work has shown that the
distribution of inorganic particles in the direction perpendicular to the substrate can be
controlled through the right balance of the rates of water evaporation and particle diffusion
and sedimentation. Under certain processing conditions in bimodal blends of particles, the
surface layer can be depleted of large particles, which opens up possibilities to tailor the
coating's functionality.
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