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The JSC Carbon Nanotube Project is an on-going collaborative effort in nanotechnology. This 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/ or contact Brad Files at brad.files@jsc.nasa.gov for more information.
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Nanotube Research and Development Collaboration at Rice University 

Members of JSC, JPL, Ames, Langley, and NASA Headquarters participated in the Rice University/NASA Cooperative Agreement Site Visit on October 20th.  Rice University is funded by NASA in a multiyear program aimed at developing nanotubes for space applications.  Rick Smalley's research team presented the outcome of their first year research and development activities and highlighted future directions for research.  Rice presented that they have achieved "tubes in a bottle" (a method for putting nanotubes into solution) and the scaling up of nanotube production via a gas phase approach called the HiPco process, using high pressure carbon monoxide gas mixed with appropriate catalysts.  Their HiPco process of producing high purity nanotubes is the most promising method for scaling up single walled nanotube production from the laboratory to an industrial process.  Rice's acheivements also included aligning nanotubes using magnetic fields.  A number of potential applications such as nanotube membranes could be affected by this breakthrough.  Rice's recent work on multifunctional materials where nanotubes are combined with various polymers also shows significant promise for NASA uses. 

Nanotube Composites Development at JSC
The Johnson Space Center has an extensive program on nanotube reinforced composites development.  JSC is conducting complete processing of these composites, starting with laser ablation and arc generation of carbon nanotubes (see previous Nano-News issue), purification and characterization of nanotubes. Processing includes both isotropic epoxy composites and epoxy laminates.  JSC prepares and tests composites and conducts optical, scanning electron and transmission electron microscopies.  Processing to date has been with as-produced single wall nanotubes (SWNT's) and vapor grown carbon fibers (VGCF's, a type of multiwall nanotube).  The VGCF's serve as a low cost nanofiber for processing evaluation and are recognized to be useful for several NASA applications (electrostatic discharge materials and thermal management).  JSC has also supported composites research development at Rice University by a strong collaboration, providing use of JSC facilities, and through the Graduate Student Research Program (GSRP).
Significant Outcomes: The following items are milestones that have been reached in the nanotube project in regard to composites development. 

1.
Laser ablation can produce over a gram per day of high quality nanotubes.  This is 6 times more than was possible with previous lasers.

2.
Use of the electric arc process has led to over fifty processing runs and over 15 grams of SWNT's have been processed to date.  A recent upgrade to longer anodes has produced 5 times as much material per batch compared to previous runs.

3.
JSC has processed nanotube epoxy composites using casting, vacuum injection molding, high-pressure molding, vacuum bagging, and high shear mixing.

4.
Processing has led to good nanotube dispersions with minimization of porosity.

5.
Sample sizes have increased with the scaling up of nanotube production.

6.
Several compositions have been processed, with up to 10 weight % SWNT.

7.
Testing so far has proven that processing methods have improved such that defects have been minimized in the structure.  However, the expected revolutionary strength increases have not yet been realized, probably due to poor interfacial bonding between the resin and nanotubes.

Rice University Composites Work
1.
Nanotubes have been functionalized with chemical modifiers at Rice University and are expected to impact composites development through improved bonding schemes.

2.
Electrostatic discharge material made from VGCF's and SWNT's have been developed and are unaffected by changes in humidity (as shown by RITF laboratory tests).  ESD bags for protecting electronics have been made.

3.
Composites using polypropylene, polyethylene, and ABS have been processed with nanofiber compositions as high as 60wt%. Testing has shown that tensile strengths are increasing with improved processing and larger sample sizes.  Samples of 10wt% VGCF's in ABS polymer made by high shear mechanical mixing/extrusion/fused deposition modeling (FDM) have shown a 60% increase in tensile strength over the unfilled ABS polymer.

4.
Three methods of aligning nanotubes have been achieved.  These involved use of magnetic fields, high shear extrusion, and shrinkage tearing and nanotube stretching.

5.
Brian Mayeaux and Pasha Nikolaev completed Ph.D. degrees in nanotechnology at Rice University and are both employed at JSC.

NanoSpace2000 Conference

The third conference devoted to micro/nano technologies for space applications will be held at South Shore Harbor Hotel from January 23-28, 2000.  This conference provides an opportunity for those working on advanced space systems and future mission designs to share their needs with the micro/nano technology community.  Similarly, the technology community can project the components and systems needed in this exciting new field.  It is expected that nanoscale scientists will have a better understanding of the needs of aerospace partners, while mission planners will learn what micro/nanotechnologies may be available for their exploration goals.  For more information visit http://www.nanospace.systems.org or contact conference director Ken Cox at kenneth.j.cox1@jsc.nasa.gov.  

Seminars and Recent Publications
1.
"Carbon Nanotube Composites:  Strongest Engineering Material Ever?", B. Files, presented at Materials Research Society, Boston, MA, December 1999.

2.
"Nanotube Composites at Johnson Space Center", B. Files, presented at the Air Force Research Lab's Revolutionary Micro- and Nanostructure Applications Symposium, Dayton, OH, October 1999.

3.
"Progress of Laser Diagnostics in Nanotube Production", S. Arepalli, C.D. Scott, and P. Nikolaev, presented at American Vacuum Society, Seattle, WA, October 1999.

4.
"Gas-phase Nanotube Production by Disproportionation of CO", P. Nikolaev, M. Bronikowski, and R. Smalley, presented at American Vacuum Society, Seattle, WA, October 1999.

5.
"Advanced Polymer Composites Using Nanotubes", E. V. Barrera, presented at NASA White Sands Test Facility, July 1999.

6.
"Fine Structure of the Low-Frequency Raman Phonon Bands of Single-Wall Carbon Nanotubes", M. Iliev, A. Litvinchuk, S. Arepalli, P. Nikolaev, C.D. Scott, to be published in Chemical Physics Letters.
7.
"Production and Kinetics of C2* From Laser Photodissociation of C60", C.D. Scott, S. Arepalli, P. Nikolaev, and R. Smalley, submitted to Chemical Physics Letters.
For more information on the JSC effort in carbon nanotechnology, contact:

Brad Files, Project Lead (281) 483-5967.
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