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Requirement:  
combustion must be 
done in free-floating 
environment.  So as 
to avoid 
contaminating the 
samples created by 
the combustion, the 
samples must be 
"floating" in gravity-
free space not even 
touching the sides of 
the combustion 
chamber.

Unknown: Effect of gravity.  In 
creating this material through 
combustion, the effect of gravity 
on the density and other 
properties of the resultant 
ceramic material is unknown.

Improve surgery. This research will improve products in the near 
future for surgery on earth.

Leverage NASA funds. Investment by Sulzer Biomedica in 
partnership with NASA enables NASA to stretch its research dollars 
by not having to pursue this research on fire suppression in space 
vehicles.

Related space technology.  This research has resulted in the ability to 
manufacture ceramic materials in space. 

Research Partnership Centers 
Multiple Benefits  

Requirement: 
basic research: 
ceramic materials.  
To make better 
ceramic materials it 
is necessary to 
understand the 
effect of gravity on 
characteristics of 
the material and to 
understand the 
consequences of 
putting other 
substances into the 
ceramic material to 
produce better 
results.

Requirement. 
medicine: bone 
replacement.  
Longer use bone 
replacement 
materials are 
needed for human 
bone replacement 
surgery on earth.

Importance:  Current 
material (usually 
titanium)  for bone 
replacement surgery 
only lasts 7-10 years.  
before working loose 
and needing another 
replacement operation.  
Better material would 
save medical costs 
and reduce pain and 
suffering.

Known: Works in 
mice.  The ceramic 
bone replacement 
material has 
worked with mice.
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Known: Combustion creates 
gases that configure ceramics. 
The ceramic material made in this 
experiment is created through a 
process of combustion that in turn 
results in gases that permeate the 
ceramics.  The permeation of the 
gases results in smaller and larger 
pores in the material which 
resembles the structure of bone.

Known: Bone cells 
grow into ceramic. The 
ceramic material 
containing many pores, 
when placed by surgery 
next to bone, facilitates 
the growth of the bone 
cells into the pores.  This 
creates a potentially 
better bond between the 
bone and replacement 
material.

Requirement: 
basic research:  
tool.  Lab 
environments are 
needed to study 
and characterize 
materials (fluids 
and solids) in 
space while 
avoiding 
contamination.

Project: POROUS CERAMIC FOR BONE REPLACEMENT
Project description. Develop new porous ceramics for 
application in high-temperature filters, thermal barriers, bone 
replacement.  Applicability to NASA in advanced spacecraft 
propulsion, in-situ resource utilization, in-space fabrication and 
joining.  Containerless processing makes possible 
contamination-free samples in microgravity.   
Status: (Soon-to-be-known: experiment and hardware is 
ready (waiting to fly at the Cape).  Space-DRUMS is currently 
on-dock at Kennedy Space Center awaiting transport to 
International Space Station.  Plans are to process 100s of 
samples of materials having a structure and quality heretofore 
unattainable
Project Site: Center for Commercial Applications of 
Combustion in Space (CCACS), Colorado School of Mines 

Status, Plans, Connections to NASA's Mission and Vision 
and to the Space Architect's Capability Requirements 

Capability: tool: fluids and solids: non-contamination.  The 
spaceflight hardware is "Space-DRUMS", a containerless 
processing facility utilizing acoustic positioning to keep a 
sample undergoing combustion synthesis centered in a 30-cm 
diameter chamber, thereby avoiding contamination while the 
sample is processed in a near-perfect microgravity 
environment.  
Range of future applicability:  extremely broad, including all 
forms of materials processing, studies of fluid behavior, 
granular materials, crystal growth, etc.  
Available off-the-shelf from: The equipment is available to 
users from the scientific and industrial communities through 
CCACS from Guigne International, Ltd.

Organizing principles

MacroVU® Analytics
Status:  Prototype, V.10

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

3b)  Market-driven 
commercial research that 
supports national goals, 
such as contributing to 
economic growth of the 
nation through increased 
GNP and sustaining 
human capital in the areas 
of science and technology.

4b)  How can technology 
help human productivity 
and well being during 
extended isolation from 
Earth?

4.  "What 
technology must 
we create to 
enable the next 
explorers to go 
beyond where 
we have been?"

Space Architect Perspective
Capability Requirements

In-Situ 
Manufacturing
2.1.4

2.1
Self-Sufficient 
Space Systems

Resource 
Processing 
and Refining
2.1.6

In-Space Laboratory 
Research Systems
2.7.7

2.7
In-Space
Instruments and 
Sensors

OBPR Organizing Questions

NASA 2003 Strategic Plan

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.

NASA 2003 Strategic Plan

Goal 10
Enable revolutionary 
capabilities through new 
technology.

3.3

3.4*

3.5

Goal 7
Engage the public in shaping 
and sharing the experience of 
exploration and discovery.

10.2

10.6*

Goal 8
Ensure the provision of space 
access and improve it by 
increasing safety, reliability, and 
affordability.

Goal 4
Explore the fundamental 
principles of physics, 
chemistry, and biology through 
research in the unique natural 
laboratory of space.

7.3*

* These objectives are reflected in the overall Research 
Partnership Program and thus not connected to specific 
requirements of any single research program.
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