NSF Nanoscale Science and Engineering Grantees Conference, Dec 3-6, 2007

Grant # : CBET-0609062

NANO HIGHLIGHT

Pressure-driven Fluidic Delivery Through Carbon Tube Bundles
NSF NIRT Grant CBET-0609062
 Alexander L. Yarin and Constantine M. Megaridis
University of Illinois at Chicago

Emulsion co-electrospinning has been implemented [1] to produce core-shell fibers, which were subsequently reduced to hollow tubes via heat treatment and carbonization (Fig. 1). Pressure-driven flows through parallel bundles of carbon tubes produced with this method have been realized. Controlled delivery through macroscopically long (~1cm) carbon tube (0.5-1.5 μm in diameter) bundles (Fig. 2) was demonstrated experimentally [2]. The setup accommodates pressure-driven flows with flow discharge rates of 30 nL/s for gases and 1 nL/s for low-viscosity liquids into a water pool under imposed pressure drops below 4 bar. The measurements demonstrated the ability to sustain well-controlled laminar flows through these long carbon tube bundles and shed new light on the main transport features. A theory explaining the observed phenomena has also been developed [2]. In particular, the theory allows recovery of the flow-carrying tube inner-diameter distribution from the measured dependence of the fluid volumetric throughput on the imposed pressure drop.
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Figure 1. Co-electrospinning of polymer emulsions (left) yields core-shell fibers (center), which become long hollow carbon tubes after heat treatment and carbonization (right). Details of this method are given in [1].
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Figure 2. Typical SEM images (left, center) of a bundle of carbon tubes made via co-electrospinning [2]. Longitudinal view (left), and cross-sectional view of the end of the bundle (center).  This bundle of long carbon micro-/nanotubes was used for controlled fluid release. Growing air bubble (right) at the tip of the carbon tube bundle immersed in a shallow water pool.
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