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Carbon Nanotubes Status, Plans, Connections to NASA's Mission and Vision 
and to the Space Architect's Capability Requirements 
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Hypothesis:  Synthesis 
conditions will have major 
influences on the nature 
of the carbon nanotube 
product formed. Reaction 
conditions including 
temperature, gas 
composition, and the 
nature and composition of 
metallic catalysts leading 
to the nanotube formation 
are currently being 
explored to understand 
these influences.

Research Partnership Centers Multiple Benefits  

Immediate applications on  Earth. Carbon nanotubes are being explored as a component 
in a number of market areas including structural components, electronic components, and 
advanced materials.

Leverage NASA research funds.  Chemical and material companies
in partnership with NASA enables NASA to stretch its research dollars.

Capability: The Center for Advanced Microgravity 
Material Processing (CAMMP) at Northeastern 
University currently maintains and operates state of 
the art facilities in microscopic and surface analysis 
for materials characterization, as well as x-ray crystal 
diffraction and other precision techniques such as 
thermo-gravimetric analysis, differential scanning 
calorimetry. Materials preparation is carried out in a 
fully equipped chemistry laboratory with facilities for 
chemical and solid state synthesis, hydrothermal 
processing, and controlled-atmosphere high 
temperature studies. In the analytical lab, zeolites, 
ferroelectrics, and carbon filaments, as well as other 
synthesized materials are characterized. Capabilities 
of the analytical lab include Fourier transform infrared 
spectroscopy, Graphite-Furnace Atomic Absorption 
Spectrophotometry, Laser Interferometry, High 
Resolution Aerodynamic Particle size analysis, 
Atomic Force/Scanning Tunneling Microscopy, X-ray 
Diffraction and Scattering Laboratory, and Scanning 
Electron Microscopy (Field Emission Gun). Each of 
these techniques is specifically suited to the 
development needs of NASA for improved materials 
for spacecraft astronaut life support and 
environmental control.

Project: CARBON NANOTUBES 

Project description. Carbon nanotubes are a form of single walled and multi-
walled carbon tubes with diameters as small as 1 nanometer. These materials 
comprised entirely of carbon have potential applications in a variety of areas 
including electronics, hydrogen storage and structural composites.

Status: experiment planned. Exploratory research. This is a "leap frog" 
technology in that it represents a basic research development that will enable 
new advances in multiple technology application areas if the basic research is 
successful, bypassing all subsequent improvements on existing technologies.

Status: Current experiments are earth-based and exploratory; specific space 
based experiments are in the conceptual stage.

Project site(s): Center for Advanced Microgravity Material Processing 
(CAMMP) at Northeastern University, Boston MA.

Space Architect Perspective
Capability Requirements

 OBPR Organizing Questions

Organizing principles Knowns and 
unknowns

Unknown.  The synthesis of carbon 
nanotubes has led to a variety of 
morphologies in the final product. The 
exact role of various operating 
parameters and effects of transport and 
flow phenomena are poorly understood at 
present.

Importance.  Carbon nanotube application areas 
include light weight, high performance structural 
composites, improved hydrogen storage media, and 
potential new electronic materials, all of which are 
important in providing light-weight, low volume, low 
power devices for spacecraft construction, operation, or 
environmental control.

Known. Carbon nanotubes can be formed 
in a variety of process environments 
including chemical deposition processes, 
plasma, and arc processes, and some 
laser-thermal processes. The nanotubes 
are generally in the 1 to 10 nanometer 
range in diameter but can be many 
micrometers in length. 

NASA 2003 Strategic Plan Plans.  Over the next 5 
years, earth based 
experiments will be used to 
delineate those operating 
conditions that would be 
advantageous for 
microgravity 
experimentation. After this 
exploratory research, 
decisions relative to space 
experiments - including 
whether they are still 
appropriate, and the 
number, type, and conditions 
for experiments - will be 
addressed.

Requirement: basic 
science: It is necessary to 
understand the formation of 
nanotubes and the impact of 
process operating variables 
in synthesis reactors to find 
new materials with the best 
performance characteristics.

2.6
Space 
Transportation

2.2
Space 
Utilities & 
Power 

Horn, R. E.  Preliminary Thoughts on NASA Strategic Research

Goal 3.  
Create a more secure 
world and improve the 
quality of life by 
investing in 
technologies and 
collaborating with other 
agencies, industry, and 
academia Requirement: nanotube 

synthesis in space: 
Synthesis reactors on earth 
are subject to a variety of 
transport phenomena not 
found in the microgravity of 
the ISS laboratory. It is 
important to understand the 
range of basic phenomena 
observed in carbon 
nanotube synthesis in 
microgravity.

Requirement: nanotube 
synthesis on earth: 
Process improvements in 
carbon nanotube synthesis 
are currently limited by the 
lack of understanding of 
the interrelationships of 
factors important in this 
synthesis reaction process 
and are needed to be 
understood.

In-Space Propulsion 
(Chemical/Thermal)
2.6.5 

3a . How does the space 
environment change the 
behavior of physical and 
chemical processes and the 
technologies that rely on them?

3d.  What are the fundamental 
physical, chemical, and 
biophysical mechanisms that 
drive the cellular and 
physiological behavior observed 
in the space environment? 

3e.  How can research 
partnerships—both market-driven 
and interagency — support 
national goals, such as contributing 
to economic growth and sustaining 
human capital in science and 
technology?

Energy Storage
2.2.5 

Human Factors & 
Habitability
2.3.5 

2.3
Habitation, 
Bioastronautics 
and EVA

3. "What new 
opportunities can 
our research 
bring to enrich 
lives on earth 
and expand 
understanding of 
the laws of 
nature?"

3.5
Resolve scientific 
issues impacting Earth-
based technological 
and industrial 
applications by using 
the unique low-gravity 
environment of space.

MacroVU® Analytics
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