Ion implantation effects on hydrogen absorption and desorption in carbon nanotubes and carbon films

F.D. McDaniel,* F.U. Naab, L.J. Mitchell, M. Dhoubhadel, O.W. Holland, and J.L. Duggan

Ion Beam Modification and Analysis Laboratory, Department of Physics, P.O. Box 311427, University of north Texas, Denton, TX 76203-1427

The unique structure of carbon nanotubes (CNTs), which provides a large surface area to volume, may prove to be an ideal material for hydrogen storage.    Results of hydrogen absorption at high-temperature and pressure, and thermal desorption measurements will be presented.  Results will be compared to those from carbon films.  Analytical techniques including elastic recoil detection (ERD), and particle induced x-ray emission (PIXE) were used to determine the absorbed hydrogen and intrinsic impurities within the CNTs, respectively.  Results will show that the concentration of absorbed hydrogen depends upon the structure of the CNTs, i.e. single-walled (SWNTs), double-walled DWNTs, or multi-walled nanotubes (MWNTs).  Also, the effects the controlled introduction of lattice defects and hydrogen within the nanotube structure by ion implantation will be discussed.  Low-energy, 10-20 keV, H+- implantation of SWNTs was used to determine the amount of retained hydrogen and its location within the nanotube structure.  Hydrogen desorption measurements will be presented, which compare the behavior in implanted and as-prepared SWNTs to determine unique ion-induced sites for trapping hydrogen.  Higher-energy (~500 keV) implantation was also used to introduce defect sites within the CNT.  The efficacy of these sites for absorbing hydrogen and their thermal stability will be discussed. 
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