Spontaneous charge separation by drop motion across of a hydrophobic tube
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Charge separation at the moving interface of liquid-solid has been observed and studied through the years [1]. Water droplets impinging on a solid substrate [2,3], coalescence induced droplet jumping [4] and slide electrification [1,5] are among the phenomena which lead to voltage generation.  It is shown that sliding water drops on hydrophobic insulating surfaces leads to charge separation at the three-phase contact line [1]. Dewetting velocity plays an important role in the amount of charge deposited at the receding contact angle [6]. Slide electrification is mainly studied through the drops motion on a tilted surface [7]. In this study, we make use of better control over parameters like drop velocity and drop contact time with the surface to investigate the influence of wetting kinetics on charge separation. Systematic measurements are carried out to quantify the amount of voltage generated by the drops motion and understand the governing mechanisms. Molecular dynamics simulations provide insight into how the non-equilibrium processes of charge separation are influenced by the surface chemistry, pH of water, and droplet velocity. Our findings on charge separation by dynamic wetting broaden the current insight into the liquid/solid interface and charge separation but also can be useful for possible future integration of slide electrification into energy harvesting systems. 
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Figure 1. Schematic of charge separation as a result of drop motion across a hydrophobic tube.
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