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Abstract

Preferential oriented multiwalled carbon nanotubes were prepared by the injection chemica vapor deposition (CVD) method using either
cyclopentadienyliron dicarbonyl dimer or cyclooctatetraene iron tricarbonyl asthe iron catalyst source. The catalyst precursors were
dissolved in toluene as the carrier solvent for theinjections. The concentration of the catalyst was found to influence both the growth (i.e.,
MWNT orientation) of the nanotubes, as well as the amount of iron in the deposited material. As deposited, the multiwalled carbon
nanotubes contained as little as 2.8% iron by weight. The material was deposited onto tantalum foil and fused silica substrates. The
nanotubes were characterized by scanning el ectron microscopy, transmission el ectron microscopy, Raman spectroscopy and
thermogravimetric analysis. This synthetic route provides a ssmple and scal able method to deposit MWNTs with alow defect density,
low metal content and a preferred orientation. Subsequently, a small start-up was founded to commercialize the deposition equipment.
The contrast between the research and entrepreneuria environments will be discussed.
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Carbon Nanotube Lithium lon Batteries
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Multi-walled Carbon Nanotubes Grown by
Spray Pyrolysis
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Characterization by TEM

Multi-walled tubes with a large size
distribution:
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Characterization of MWC Nanotubes by TGA
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Characterization of Nanotubes by
Raman Spectroscopy*
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Heat Treatment of MWCNT
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Technology Transfer: NASA GRC to NTI
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NNU Rights to JDH 2004-5
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The Explosion in Nanotech Research

U.S. Nanotechnology Publications in the

Science Citation Index r
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CNT = $290 million in 2006; est. $1.9 billion 2010 (80% growth)
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The solution to consistent CNT supply...
Nanotech Innovations SSP-354

NASA Technology - Company owns IP — Patent Pending




_ . NANOTECH

innovations

How good are Nanotech
Innovations’ as-prepared CNTs?

Prepackaged catalyst/C source
Highly uniform CNTS
Low catal st ca tent

< 4% catalyst
impurity by weight

Intensity (arb. units)

o

T T T T
200 400 600 800 1000

Temperature (°C)

Frequency (cm ™)

High school student can produce 200 mg/day



_ . NANOTECH

= i nnovations

Potential Market

» Educational market defines the initial scope

 U.S. Department of Education, National Center for Educatlon Statlstlcs e oo
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Business Growth Opportunities
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Contact info.
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