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The unusual ability of gecko lizards to climb on any vertical surface and hang from a ceiling with one toe has inspired scientific research for centuries. Recent studies revealed that the driving force for holding gecko lizards on a surface arises from the strong van der Waals forces (~10 N•cm-2) induced by countless aligned microscopic elastic hairs called setae (3-130 µm in length) and spatulae (0.2-0.5 µm in diameter) on a gecko’s foot. This finding has prompted many researchers to fabricate microarrays of polymer pillars to mimic gecko feet. Due to the inaccessibility to the fine structure of geckos’ setae and spatulae, however, these polymeric dry adhesives (with a maximum achievable adhesive force of ~3 N•cm-2) are not comparable to the gecko feet. Having a similar aligned structure to gecko’s foot hair, plus an extremely high aspect ratio, exceptional mechanical strength, and excellent electronic and thermal properties, the vertically aligned carbon nanotubes show potential for dry adhesion applications with additional electrical/thermal management capabilities. The smaller nanotube diameter could also allow a nanotube array to have more contact points per unit surface area than gecko foot, leading to an enhanced adhesion force for the carbon nanotube dry adhesives.

The objective of this program is to develop a fundamental and technological platform for using aligned carbon nanotube (CNT) “hairs” on flexible plastic to create strong elastic adhesives that are inspired by the gecko foot. Our research will focus on the synthesis and microfabrication of aligned CNT structures; surface modification of these aligned CNTs to tailor adhesion and wetting; and the fundamental understanding of the surface/interfacial and mechanical properties of such hybrid material to control their dry adhesive performance. Multi-scale modeling of such structures to evaluate the adhesive and mechanical properties will also be done in synergy with the experiments to understand the adhesion of aligned carbon nanotube ends with various substrates.  

We have recently demonstrated the large-scale synthesis of vertically-aligned single-walled carbon nanotubes (VA-SWNTs) with a good reproducibility over a wide window of growth parameters. VA-SWNT arrays have been demonstrated to possess the achievable macroscopic adhesive force up to 29 N•cm-2, which is much higher than that of gecko feet (10 N•cm-2). These vertically-aligned SWNT dry adhesives exhibited fairly reversible semiconducting behaviors under load and an excellent thermal resistance due to the unique thermal and electric properties intrinsically associated with SWNTs (Adv. Mater. 2007, 19, 3844). Our team has also transferred vertically-aligned multiwalled carbon nanotube (VA-MWNTs) micropatterns onto a flexible polymer tape to support a shear stress (36 N•cm-2) nearly four times higher than the gecko foot. These MWNT-based tapes can repeatedly stick to a variety of surfaces, including Teflon (PNAS 2007, 104, 10792). These carbon nanotube dry adhesives are very attractive for diverse applications.

