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For centuries, the ability of gecko lizards to climb any vertical surface or hang from ceilings with one toe has always generated considerable interest. It has recently been discovered that the driving force for holding gecko lizards on a surface to defy gravity comes from its remarkable feet and toes, which are covered with countless aligned microscopic elastic hairs splitting into spatulae to induce the strong van der Waals forces. This finding has prompted many researchers to use synthetic microarrays to mimic gecko feet. Recent work has indicated that aligned carbon nanotubes sticking out of substrate surfaces showed strong nanometer-scale adhesion forces. Aligned carbon nanotube dry adhesives mimicking the gecko’s feet could be good for adhering surveillance equipment to walls and holding together electronics or even airplane parts.
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The objective of this NIRT project is to develop a fundamental and technological platform for using aligned CNT “hairs” on flexible plastic to create strong elastic adhesives that are inspired by the gecko foot hairs. The research focus on the development of a fundamental understanding of the surface/interfacial and mechanical properties of aligned carbon nanotube and polymer hybrid materials in controlling dry adhesive performance. 

Our team has designed two classes of novel gecko-feet-mimicked dry adhesives based on vertically-aligned single-walled and multiwalled carbon nanotubes, respectively. In Dayton, we have successfully demonstrated the facile syntheses of large-scale vertically-aligned single-walled carbon nanotube (SWNT) arrays over a very wide window of growth conditions by combining PECVD with fast heating. The resultant vertically-aligned non-patterned SWNT arrays have been successfully used as dry adhesives and demonstrated to show a maximum achievable macroscopic adhesive force of 29 N/cm2 [2]. This is the first study on the aligned SWNT dry adhesive. At Akron and RPI, we have taken an important step in designing “gecko” tape inspired by our initial results on aligned carbon nanotubes [3]. We have developed a synthetic gecko tape by transferring micro-patterned carbon nanotube arrays onto flexible polymer tape based on the hierarchical structure found on the foot of a gecko lizard.  The gecko tape can support a shear stress (36 N/cm2) nearly four times higher than the gecko foot and sticks to a variety of surfaces, including Teflon [4]. We have demonstrated for the first time a macroscopic flexible patch of micropatterned aligned carbon nanotubes that can be used repeatedly with peeling and adhesive properties better than the natural gecko foot.  These carbon nanotube based tapes offer an excellent synthetic option as a dry conductive reversible adhesive in microelectronics, robotics and space applications. 
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