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Water-borne and emulsifier-free coatings have attracted academic and industrial interest because they are 

environmentally-friendly. It is hypothesized that the removal of hydrophilic surfactant will improve the resulting 

coatings’ barrier properties, such as the solubility, diffusivity and permeability of water. Here, we compare polymer 

coatings all having the same monomer composition but made in three different forms: a solution in organic solvent; 

a colloidal dispersion made via emulsion polymerization (Em), and a surfactant-free secondary dispersion (SD) 

made from the solution polymer. Figure 1 shows the differences between Em and SD polymers. We investigated the 

effects of the presence of surfactant and particle boundaries on the coatings’ barrier properties to water, both in the 

vapour phase and in the liquid phase. Studies of vapour sorption reveal that the presence of both particle 

boundaries and surfactants increases the amount adsorbed [1]. The SD coatings, which do not have any surfactant, 

show the lowest equilibrium vapour sorption and permeability coefficients at high relative humidities as well as the 

lowest water diffusion coefficient at low humidities. These barrier properties make SD coatings an attractive 

alternative to conventional emulsion polymer coatings. Sorption of liquid water is known to lead to a decrease in 

optical transparency, which is referred to as “water whitening”. It was found that the local water environment 

(characterised with NMR relaxometry) and the extent of confinement correlate with the optical transmission through 

the film. SD films have water confined at particle interfaces, whereas Em films have a greater proportion of free 

water in voids within the film. Consequently, there is less water whitening in SD films, because the scattering centres 

are smaller. 

 

Figure 1 Comparison of secondary dispersion polymer and Emulsion polymer [1] 
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