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Underwater Adhesion Mechanisms and Biomimetic
Study of Marine Life

PENG Xianyu, MA Chuandong, JI Jiaxin, LI J ing*

(College of Mechanical and Electrical Engineering, China University of Petroleum, Shandong Qingdao 266580, China)
Abstract: Bioadhesion is usually a special function or viability acquired by organisms during long-term evolution
process. However, it is difficult for the biomimetic underwater adhesion materials and structures to fully reproduce the
adaptive ability of biological materials in the field of engineering materials. Based on the rich ways of adhesion in
nature, the adhesion mechanisms of several typical marine organisms (mussels, barnacles, sand worms, octopuses,
catfish, abalone, sea urchins) are introduced in detail, and the corresponding design of the bionic devices (such as Dopa
modified hydrogel, suction cup stickers, sea urchin robots, etc) and their application prospects are investigated. Finally,
the current marine biological adhesion mechanism and related bionic research are summarized, and the existing
problems are proposed. It is pointed out the necessity of in-depth study on the dynamic process and regulation
mechanisms of "adhesion-desorption" of typical marine adherents. In addition, the future development directions of

bionic researches including reversible, controllable and environmental protection are expounded.
Key words: underwater adhesion; marine life; bionic design; mucus; abalone
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Fig. 1 Mussel adhesion mechanism: (a) Mussel foot silk; (b) Source of foot silk and plaque; (c¢) Protein distribution on
plaque and foot silk; (d, ¢) Chemical characteristics of amino acids in mussel feet silk™
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Fig. 2 Sketch of barnacle glue cross-linking hypothesis: (a) Quinone cross-linking; (b) Disulfide cross-linking;
(c) Solidification mechanism; (d) § sheet™
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Fig. 3 (a) Shatta worm with protective shell; (b) Construction process of shatta worm protective shell;
(¢) Chemical composition of Pc2 and Pc3A™
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(d)

Fig. 7 (a) Abalone gastropod; (b) Microstructure of the foot (scanning electron microscope); (c) Single bristle of the foot

(scanning electron microscope); (d) Contact form of the abalone adhesion interface
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