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The JSC Carbon Nanotube Project is an on-going collaborative effort in nanotechnology, the science of materials and systems with constituents smaller than 100 nm. This bi-monthly newsletter is to inform the scientific  community of developments in the project and their potential for innovations in the space program.  


Visit the JSC Carbon Nanotube Project site at http://www.jsc.nasa.gov/ea/em/nano/.
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Nanotubes: Introduction and Production Update


Buckeyballs are formed when carbon is vaporized, mixes with an inert gas, and then slowly condenses. The presence of a metal catalyst causes the buckyballs to elongate and form single-walled nanotubes (SWNTs). These nanotubes are individual molecules, yet can contain millions of atoms tens to hundreds of microns in length. JSC’s interest lies in the mechanical, electrical, thermal, and optical properties of SWNTs. Multi-walled nanotubes are similar to SWNTs, but contain more defects, which limits their properties.





One method used to produce nanotubes at JSC is the pulsed laser method, in which two Nd:YAG pulsed lasers impinge on a composite graphite and metal catalyst target. Diagnostics are incorporated in our laser ablation facility to study emission spectra in the plasma region during nanotube formation.  It is one of the few facilities in existence in which this is being done. Understanding nanotube formation should lead to bulk production methods, thereby reducing cost: a major factor in applications development of nanotubes.  The pulsed lasers have recently been upgraded from 10 Hz to 60 Hz, which should increase nanotube output by a factor of six.  Dr. Sivaram Arepalli is lead investigator for the laser ablation lab.





Another method for bulk production of SWNTs was begun six months ago.  This is the arc method, in which an electric arc is used to vaporize an anode containing metallic powder catalysts. This method is useful because it can produce nanotubes faster, but with more impurities such as amorphous carbon.  A parametric study was recently conducted by varying voltage, current, and distance between electrodes. These studies are being conducted by Dr. Carl Scott (Structures and Mechanics Division), lead investigator for the arc facility.  The major goals are:  producing cleaner product and scaling up of nanotube production.





Carl Scott Visits the University of Paris


Dr. Carl Scott spent a month on TDY investigating the formation of SWNTs using the arc process at the Laboratoire Ingéniérie des Matériaux et des Hautes Pressions of the Université Paris Nord, France.  The goal of the investigation is to characterize the SWNTs produced and to improve production rate. Emissions from the arc region were measured at various conditions using a spectrometer. The principle species observed were lines of the catalyst, yttrium and C2 Swan bands. The data will be used to determine temperature distributions in the arc by comparison with theoretical calculations of spectra at different temperatures.  Discussions with French researchers were held on possible models of nanotube formation, including the implication of operational parameters on production mechanisms and rates. Information gained from the spectral data is necessary to assess the validity of the models.








New Summer Faculty Fellow Arrives


Gary DeBoer, a summer faculty fellow from Le Tourneau University has recently joined the Nanotube Team, and will be here for 10 weeks.  He will be studying laser-induced fluorescence in the pulsed laser system.  He will be looking at nickel and cobalt lifetimes in the plasma plume to determine their availability as catalysts of nanotube growth. 





Review of the NASA/Rice University Collaborative Agreement


Several members of the JSC Nanotube Team attended the 6-month review of the collaborative agreement on May 14, 1999 at Rice University. The purpose of the visit was to review the research performed during the first six months. The agreement covers topics including nanotube production and materials applications using nanotubes as one phase of a composite.  Rice has made significant progress in the last 6 months with help from NASA.





Also in May and June, Dr. Richard Smalley testified before the Senate and House Committees on Science to encourage a coordinated nationwide effort in nanotechnology research.  We hope Congress will conclude that current levels of effort are insufficient to advance the technology at the desired pace.





Upcoming Conferences


NanoSpace 2000 Conference:  The third conference and working group program on nano/


microtechnologies for space applications will be held January 23-28, 2000 at the South Shore Harbour Resort & Conference Center.  The program includes presentations, posters and discussions on  nanoelectronics, nanomaterials, microelectromechanical systems, and space biomedical research on the nanoscale.  Ken Cox is the Conference Director.  For more, please visit the following web site: http://www.nanospace.systems.org.





 Recent Publications and Presentations:  


"Spectral Analysis of C2 and C3 During Carbon Nanotube Production by Laser Ablation,” by Sivaram Arepalli, Carl Scott and Tom Leimkuehler.  Presented at the American Physical Society Conference, Atlanta, March 1999.


"Nanotube Composites and the Importance of Nanocomposites for Space Exploration at NASA," by Bradley Files.  Presented at the Nanocomposite Materials: Design and Applications Conference in Anchorage, Alaska, March 1999.


"In-situ Diagnostics During Carbon Nanotube Production by Laser Ablation,” by Sivaram Arepalli.  Presented at the Knowledge Foundation Conference, Washington DC, April 1999.


"Diagnostics of Laser Produced Plume Under Carbon Nanotube Growth Conditions," by Sivaram Arepalli, Pavel Nikolaev, William Holmes and Carl Scott, submitted to Applied Physics A.


"Fine Structure of the Low-Frequency Raman Phonon Bands of Single-Wall Carbon Nanotubes,” by M. N. Iliev, A. P. Litvinchuk, S. Arepalli, P. Nikolaev and C. D. Scott.  Written as a result of the collaboration between the University of Houston and NASA/JSC and submitted to Chemical Physics Letters.
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Brad Files, Project Lead (281) 483-5967.
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