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Abstract

To improve the drag-reducing and antifouling performance of marine equipment, it is indispensable
to learn from structures and materials that are found in nature. This is due to their excellent
properties, such as intelligence, microminiaturization, hierarchical assembly, and adaptability.
Considerable interest has arisen in fabricating surfaces with various types of biomimetic structures,
which exhibit promising and synergistic performances similar to living organisms. In this study, a
dual bio-inspired shark-skin and lotus-structure (BSLS) surface was developed for fabrication on
commercial polyurethane (PU) polymer. Firstly, the shark-skin pattern was transferred on the PU by
microcasting. Secondly, hierarchical micro- and nanostructures were introduced by spraying
mesoporous silica nanospheres (MSNs). The dual biomimetic substrates were characterized by
scanning electron microscopy, water contact angle characterization, antifouling, self-cleaning, and
water flow impacting experiments. The results revealed that the BSLS surface exhibited dual
biomimetic features. The micro- and nano-lotus-like structures were localized on a replicated shark
dermal denticle. A contact angle of 147° was observed on the dual-treated surface and the contact
angle hysteresis was decreased by 20% compared with that of the nontreated surface. Fluid drag was
determined with shear stress measurements and a drag reduction of 36.7% was found for the
biomimetic surface. With continuous impacting of high-speed water for up to 10 h, the biomimetic
surface stayed superhydrophobic. Material properties such as inhibition of protein adsorption,
mechanical robustness, and self-cleaning performances were evaluated, and the data indicated these
behaviors were significantly improved. The mechanisms of drag reduction and self-cleaning are
discussed. Our results indicate that this method is a potential strategy for efficient drag reduction and
antifouling capabilities.
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