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Abstract 

 
The expression “microgravity” first appeared in the popular lexicon of science and technology early in 
the 1980s. Since that time, over 818 patents have been granted, and in the past decade over 580 further 
applications have been filed with the US Patent and Trademark Office (USPTO) containing this new 
term-of-art. While it is obvious that not all patents ultimately result in products or processes that enter 
into broad use, patents nonetheless remain a cornerstone of intellectual property law, and are a strong 
indicator of value-creation in an economy. The linkages between the database search term microgravity 
and a particular patent vary from weak to strong. In some cases, the term only appears once in the title 
of a journal article cited in the patent filing as evidence of applicable science. In other cases, 
microgravity conditions clearly represent the basis for a technological innovation that portends future 
activity of social and economic value. This paper examines those linkages and draws initial conclusions 
about the role of microgravity conditions in future research and development (R&D) pursuits. Studies on 
the nature of technological innovation indicate that 20-40 years is often involved in the translation of 
scientific findings into practical applications. The field of microgravity R&D is now maturing to that 
age, and the International Space Station is ready to move to the next level of achievement.  
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Introduction 
 
On May 14, 1973, the last Saturn V rocket was 
launched and with it began the short-lived pro-
gram of the Skylab space station. During the 
1973-74 timeframe, three crewed missions were 
conducted of 28, 59, and 85 days duration before 
the station was boosted into a parking orbit and 
set aside until its fiery re-entry in July 1979. 
 
It was during this early exploratory phase, that 
prospects for materials processing in space were 
first considered by practicing scientists. The 
“free-fall” conditions of an orbiting platform 
created what was initially termed a “zero-
gravity” environment. It was hypothesized that 
the absence of gravity-induced forces and gra-
dients, such as sedimentation, buoyancy, convec-
tion, and hydrostatic pressure, would allow finer 
control over inorganic materials undergoing 
phase transitions, as well as organic materials 
involved in biophysical processes. Later, as 
thresholds of residual gravity force vectors act-
ing on these systems became better understood, 
the term “micro”gravity1 emerged, in order to 
most accurately describe the residual g-force re-
quired to enable productive experimentation on 
even the most sensitive inorganic systems under-
going phase transitions.  
 
The first citation of the term microgravity in a 
U.S. patent was a process for preparation of large 
particle size monodisperse latex spheres, which 
was granted on January 27, 1981, to John Van-
derhoff of Lehigh University and Dale Kornfeld 
of NASA Marshall Space Flight Center.2 In this 
process, polyvinyl latex was grown by polymer-
ization of a monomer in the presence of a sur-
factant and water. The process yielded large 
quantities of microscopic (~ 0.4 µm diameter) 
spherical particles with a size distribution so 
narrow that the particles became widely used as 
calibration standards for electron microscopy. 
 
Also in 1981, the era of the Space Shuttle began 
and with it came opportunities to deploy the first 
fully outfitted laboratories for “bench top” exper-
imentation in the new field of microgravity 
science and applications. Spacelab and Spacehab 
flights allowed 5-7 days per mission of dedicated 
laboratory based experimentation across a vir-
tually unlimited spectrum of scientific fields. 
 

                                                
1 One “micro-g” equates to a residual force of 0.000001g. 
2 US Patent No. 4247434. 

It would be accurate to characterize these last 25 
years (1985-2010) of Space Shuttle based re-
search as a highly effective survey phase. During 
this period, 15 Spacelab and 8 Spacehab pres-
surized laboratory module missions were flown 
for a total of approximately 120 days in a micro-
gravity environment. In addition, the Shuttle-Mir 
program and ISS assembly phase allowed limited 
opportunities to conduct research on the margins 
of higher priority spacecraft operations. How-
ever, in sum total, less than one year of dedicated 
laboratory research time accrued over those 25 
years. Regardless, the period yielded provocative 
research findings that provide a reliable indicator 
of the prospects for future pay-offs during the 
ISS era. 

 
First U.S. Microgravity-Related Patent (1981) 

Monodisperse Latex Spheres 
 
Now it is time to conclude the broad survey 
phase and focus on the most promising oppor-
tunities. While basic research must always con-
tinue, the research portfolio must also increase 
emphasis on applications-driven objectives based 
on the prior knowledge acquired. Success in 
achieving these applications will most effective-
ly compel further growth in national investment 
for microgravity R&D in the future. 
 
It is also important to acknowledge that the lag 
period from basic discovery to product avail-
ability is not short. The National Science Foun-
dation sponsored the landmark “TRACES”3 
study in an attempt to better understand the time-
scales associated with discovery and application. 

                                                
3 Technology in Retrospect and Critical Events in Science, 
Illinois Institute of Technology Research, 1968. 
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This work was followed by TRACES-II and –
III4. The results of these retrospective tracer 
studies are summarized as having found “…that 
a lengthy period, often about twenty years, 
occurs between an invention in basic research 
and its application in weaponry or medical 
innovation.” 5 
 
With this in mind, and with emergence of the 
full-service International Space Station at hand, 
it is fair to say that the field of microgravity 
R&D is coming of age. 
 
Patents as a Measure of Value Creation 
 
While much can be written about the history and 
evolution of patent law, it is nonetheless general-
ly accepted that patents remain strong indicators 
of value creation.  The strength of patents as the 
sole metric for technological innovation has been 
weakening however for a variety of reasons, 
some of which are being addressed through 
changes to statutory law.6  
 
Trade secrets have long been another component 
of intellectual property protection. Such secrets 
relinquish the 17-year patent protection period, 
but obviously are also hard to obtain.7 This 
author can personally recount at least two 
instances when specific direction was received to 
not reveal the source of innovation as having to 
do with microgravity research in space due to 
competitive sensitivities. These secrets were held 
in the medical and electronic material industries. 
 
Increasingly, intellectual property licensing and 
equity agreements are becoming key indicators 
of high-value technological innovation. More 
difficult to track and analyze than patents pub-
lished in the public domain, private agreements 
published under U.S. Security and Exchange 
Commission regulations may ultimately super-
sede patents as the best indicators of value 
creation. 
 
For the reasons stated above, this paper is limited 
in scope to patents published in the public do-
                                                
4 Battelle Columbus Laboratories, 1973 and 1976. 
5 Rogers, E., Diffusion of Innovations, 5th Edition, Free Press, 
pp. 176-177, 2003. 
6 For further information see the Leahy-Smith America 
Invents Act signed into law September 16, 2011, representing 
the most significant change to the U.S. patent system since 
1952. 
7 For an entertaining read, see Henley’s Twentieth Century 
Formulas, Processes and Trade Secrets, G.D. Hiscox (ed), 
1977. 

main by the USPTO. Future efforts that examine 
the practicality of expanding this scope are en-
couraged. 
 
The USPTO Patent Collection 
 
The USPTO maintains a searchable collection of 
all patents granted and applications pending that 
is accessible through its public web site.8 Quick 
searches can be performed based on up to two 
terms, and the fields can be specified among 30 
choices. The full text of patents can be obtained 
as far back as 1976, or searches can be limited to 
more recent years. The data presented in the 
following discussion is based on searches con-
cluded on May 10, 2012, involving a single term 
– microgravity, with the year unlimited. Both the 
“patents granted” and “patents applied for” col-
lections were searched. The collections are up-
dated daily, so a more recent search is likely to 
yield the most recent entries. 
 
Selection of the search term “microgravity” is ef-
fective, since no appearances of the term occur 
prior the Vanderhoff and Kornfeld patent of 
1981. The term is also a sufficiently esoteric 
term-of-art that virtually all appearances are in 
the context of space-based research on human-
rated platforms, which are the focus of this 
examination. In total 818 patents have been 
granted since 1981, and an additional 587 
patent applications have been filed in the last 
decade.  
 
Certainly, further specialized searches could be 
conducted on a variety of closely related terms, 
or involving more complex search methods. 
However, the richness of the data for this simple 
one-term search was sufficient to warrant an ex-
pedient  “first-look” report.  
 
Cursory searches were also performed on the 
term “space station,” which yielded 1,722 pat-
ents granted with an additional 1,107 appli-
cations pending, and on the term “space shuttle,” 
which yielded 2,384 patents granted with an 
additional 1,285 applications pending. In these 
cases, the uses primarily involved spacecraft de-
sign features, as opposed to applied biological, 
chemical and physical sciences; these data are 
not addressed in the discussions that follow. 
However, these 6,498 patent actions are a clear 
indicator of the value-generating capacity of 
the civil space program in general. 

                                                
8 http://www.uspto.gov/patents/process/search/index.jsp 
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Local Microgravity Patent Databases 
 
In order to conduct a historical examination, it 
was necessary to first extract a subset of the 
information from the USPTO patent collection, 
and then to build local databases for examin-
ation. The following attributes were selected for 
extraction: 
• Patent Number; 
• Date of grant, or application; 
• Topic (a 3-5 word description of the specific 

product or process); 
• Category (a 1-2 word description of the gen-

eral field); 
• Nation (country of assignee); 
• Assignee (proper name of government, 

industrial or academic organization, or in-
ventor for independent assignees); 

• Sector (denoted as “G”-government, “I”-
industry, “A”-academic, “P”- inventor); 

• Citations (proper names of journals, con-
ference proceedings, etc. cited), and; 

• Number of References (number of citations 
of the search term “microgravity” in the 
patent). 

 
Based on these attributes, two local databases 
were produced in Microsoft Excel™ formats. A 
printout of the Patents Granted database is pro-
vided in Attachment 1, and the Patent Applica-
tions database is provided in Attachment 2. 

Historic Magnitudes and Trends 
 
A population of 818 patents granted over a 30- 
year period offers many opportunities to under-
stand the evolution of a new field of R&D. The 
following factors are included in this discussion: 

• Growth Rate; 
• Distribution by Sector and Country;  
• Top Performing Organizations; 
• Distribution by Category; 
• Topical Diversity; 
• Reference Strength, and; 
• Publications Citation Density. 

 
Growth Rate 
 
The magnitude of patents granted has been 
steadily increasing over the last 30 years. 
Microgravity-related research and applications 
development is an emergent field of R&D as 
evidenced by Figure 1: Microgravity-Related 
Patents – 30 Year Growth Trend. By the end of 
the first decade of Space Shuttle-based research 
(i.e., 1980s) total patents granted had risen to 
~20 per year, and by the end of the second 
decade (i.e., 1990s), as the Spacelab and Space-
hab era matured, this value increased by 50% to 
~30 per year. A further 100% increase to ~60 pa-
tents per year is evident for the most recent 
decade (i.e., 2000s) as ISS entered into marginal 
use. It would not be surprising to see another 
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100% increase, or greater, during the coming 
decade (i.e., 2010s) as the full service ISS be-
comes dedicated to the R&D mission, provided 
that effective research portfolio management 
practices are instituted. 
 
Distributions by Sector and Country 
 
The distribution by social sector is also informa-
tive, as provided in Figure 2: Total Patents 
Granted by Sector. Initially, government patents 
are a dominant portion, representing ~5-15 per 
year during the 1988-1994 period. This drops off 
to a sustained level of ~5 per year up to the 
present. Industrial patents match this early per-
formance, but also continue with steady growth 
to achieve a level of almost 40 per year by the 
present. Participation by academic and inde-
pendent inventors is consistently low, but stable, 
at a range of 3-5 per year. There is one sig-
nificant surge in academic patents during the 
2004-2007 timeframe, where they range up to 
10-15 per year. This likely follows the growth in 
patent application activity at the NASA Com-
mercial Space Centers9 during the preceding five 
years, since these centers were university-based, 

                                                
9 aka “Centers for the Commercial Development of Space” 
(1985-1999) and “Research Partnership Centers” (2003-
2005). 

and patents were employed by NASA as one of 
several performance metrics. 
 
These observations are consistent with what one 
would expect in an emerging field of R&D. The 
government leads due to public investments in 
long-term research, but is quickly matched and 
then overcome by industry as opportunities for 
competitive advantage become evident. Acade-
mia remains focused on basic research interests 
necessary to train students, but displays relative-
ly weak pursuit of applications having market 
potential. It is the role of universities to ensure a 
steady supply of human capital skilled in science 
& technology, while it is the role of industry to 
commit investment capital to promising areas of 
R&D. The government role is to bridge the two 
and demonstrate promise by underwriting long 
lead-time basic research, and proofs-of-concept 
for applications. 
 
In terms of the countries represented in grants for 
patent protection by the USPTO, U.S. domestic 
filers make up 81.4% (661 patents). The remain-
ing 28.6% have the following distribution: 
 
   % Dist     (# patents) 

Japan  35.76  (54) 
France  20.53  (31) 
Canada    9.27  (14) 
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Germany    6.62  (10) 
Denmark   5.30   (8) 
Netherlands   4.64   (7) 
Great Britain   3.31   (5) 
Israel    1.99   (3) 
Nigeria    1.99   (3) 
Belgium    1.32   (2) 
China    1.32   (2) 
Italy    1.32   (2) 
Saudia Arabia   1.32   (2) 
S. Korea    1.32   (2) 
Sweden    1.32   (2) 
Australia     .66   (1) 
New Zealand     .66   (1) 
Russia      .66   (1) 
Ukraine      .66   (1) 
             100.00%             (151) 
 

The dominance of Japan, Europe and Canada 
presumably corresponds to desires to protect 
trade interests in the U.S. by filing for protection 
under the U.S. patent system. 
 
Top Performing Organizations 
 
In each of the three sectors, specific organiza-
tions have clearly led in the pursuit of patents to 
protect their R&D advances. In some cases, this 
leadership is episodic and not sustained. For 
instance, the Minnesota Mining and Manufac-
turing Company (3M, Inc.) held a Joint Endea-
vor Agreement with NASA to pursue Space 
Shuttle-based R&D during the period 1983-86. 
Over 50 experiments were flown and 20 patents 
granted related to knowledge gained. However, 
in the wake of the 1986 Challenger tragedy, 3M 
elected to discontinue orbital research. Similar 
circumstances can be attributed to the McDon-
nell-Douglas Co. during their R&D campaign to 
develop electrophoresis operations in space. 
Kistler Aerospace, Inc. filed for patent protection 
while pursuing development of an expendable 
launch vehicle, but the company ultimately fail-
ed. With these considerations in mind, the top 
ten industrial performers are listed below: 
 
Industrial Organizations       (# patents) 

3M, Inc.     (20) 
Amgen, Inc.     (14) 
Mitsubishi, Ltd.    (14) 
Proctor & Gamble Co.   (11) 
McDonnell-Douglas Co.    (9) 
Battelle Memorial Institute    (8) 
Fluidigm, Inc.     (8) 
New Health Sciences, Inc.    (7) 
Kistler Aerospace, Inc.    (6) 

NPB, LLC      (6) 
Spectrasensors, Inc.     (6) 
    Total:   (113) 

 
Among academic institutions, the West Coast is 
clearly the dominant player with some 50 patents 
granted to Caltech, Stanford and the University 
of California system (57.5% of total). The full 
list of the top ten performers is provided below: 
 
Academic Institutions      (# patents) 

California Institute of Technology  (26) 
University of California   (18) 
University of Michigan   (10) 
Stanford University     (6) 
University of Florida     (6) 
Georgia Institute of Technology   (5) 
Florida State University    (4) 
Texas A&M University    (4) 
University of Pennsylvania    (4) 
University of Wisconsin    (4) 
    Total: (87) 
 

In the domain of government agencies and state-
sponsored institutions, NASA scientists have 
been highly prolific in seeking intellectual prop-
erty protection through patents (74.6% of total). 
The top ten spanning across the US, Canada, 
Europe and Japan follows: 
 
Government Agencies       (# patents) 

NASA                (103) 
French Soc. Europeene de Propulsion  (9) 
European Space Agency   (5) 
Japanese Aero. Exploration Agency10  (4) 
U.S. Army     (4) 
Japanese Agency of Industrial S&T  (3) 
U.S. Veterans Administration   (3) 
Los Alamos National Laboratory  (3) 
Canadian Space Agency   (2) 
U.S. Air Force    (2) 
   Total:             (138) 

 
These organizations can be viewed as “first mov-
ers” across the industrial, academic and govern-
ment sectors. While performance may not be 
sustained at a constant rate throughout the 30-
year history, there is nonetheless an important 
acknowledgement among these R&D leaders that 
microgravity conditions are of sufficient pheno-
menological uniqueness that value-creating op-
portunities exist. 
 

                                                
10 Including patents held by the precursor National Space 
Development Agency of Japan. 
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Distributions by Category 
 
The principle that scientific discoveries and find-
ings related to the laws of nature and natural 
phenomena are not subject to patent protection is 
well established in U.S. patent law. This prin-
ciple has recently been reaffirmed by the U.S. 
Supreme Court in the case of Mayo Medical 
Laboratories v. Prometheus Laboratories11 and 
has important implications with respect to re-
search conducted in space under microgravity 
conditions on platforms such as the ISS. In 
essence, the natural science is not patentable, but 
if the finding leads to a methodology, or specific 
technique, that is unique and represents a clear 
advance over prior art then the application can 
constitute patentable intellectual property. For 
these reasons, the patent categories are organized 
by applicable technologies for this review. 
 
It is convenient to discuss the field of 818 
patents in two broad categories:  

(1) the 7 categories that each represent at 
least 3% of the total field, and collectively 
represent 85% of total patents granted, and;  
(2) the remaining 13 categories representing 
15% of total patents granted, but each indi-
vidually less than 2% of the field. 
 

Among the top 7 categories, biotechnologies 
capture ~36% of the total field with 277 patents 
granted. This is almost triple that of the next 
most productive category – analytical instru-
mentation. While this might appear to suggest 
that biotechnologies represent greater potential 
for useful applications under microgravity condi-
tions, one must also consider that this experiment 
population has been somewhat less resource-
intensive to pursue in space, and therefore enjoy-
ed greater access to space platforms. The devices 
and apparatus needed to conduct basic biological 
studies at the molecular, cellular and microbiotic 
levels are often less complex and costly than 
those required for processing of toxic inorganic 
elements and compounds at high temperatures 
and pressures.  
 
The top 7 categories include: 
               %   (# patents) 

Biotechnologies             36           (277) 
Instrumentation, analytical     13            (98) 
Materials              12            (94) 
Aerospace components           12            (94) 

                                                
11 Opinion of the Court No. 10-1150, Supreme Court of the 
U.S., March 20, 2012. 

Thermal systems              4             (34) 
Measurement systems              4             (33) 
Human health systems             4             (24)   
    Total: 85%   (654)
   

The remaining 13 categories each captured 1-2% 
of the total field, and included: 

- Electronics 
- Chemical processes 
- Fluids management 
- Micro-fluidics 
- Water & air purification 
- Fuel cells 
- Combustion 
- Propulsion 
- Acoustics 
- Entertainment 
- Energy 
- Robotics 
- Software 
 

Of course, the delineation of these 20 categories 
is subjective by nature, and not intended to elicit 
strict conclusions. For instance, the categories 
fluids management, micro-fluidics and water & 
air purification could alternatively be grouped 
under a single category as fluid systems, repre-
senting a 5% share of patents granted, and thus 
promoted to the top tier. Figure 3: Top 20 Patent 
Categories provides yet another useful perspec-
tive on this distribution. 
 
Topical Diversity 
 
In a field of 818 patents, the topical diversity is 
extraordinarily broad in scope. Since microgra-
vity conditions affect fundamental mass transfer 
dynamics at the inter-molecular level, scientific 
inquiry cuts across many of the sub-disciplines 
of biology, chemistry and physics, and know-
ledge often surfaces at the interfaces.  The pre-
ferred approach is for the reader to review the 
entire range of topics as captured in the data-
bases, which are attached specifically for this 
purpose. The following scroll of 100 generic 
patent topics is provided to illustrate this diver-
sity (no rank order implied). 
 

1. Imaging systems 
2. Diagnostic devices 
3. Bioreactors 
4. Surface coatings 
5. Elastomeric components 
6. Detectors 
7. Membranes 
8. Alloys 
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9. Particle separators 
10. Counters 
11. Modulators 
12. Binders 
13. Polymers 
14. Combustors 
15. Heat exchangers 
16. Tactors 
17. Drugs 
18. Modified biomolecules 
19. Transport media 
20. Microcapsules 
21. Chemical extraction processes 
22. Inhibitors 
23. Analytical devices 
24. Thrusters 
25. Generators 
26. Catalysts 
27. Biomarkers 
28. Levitators 
29. Radiation shields 
30. Biorepair techniques 
31. Fabrication techniques 
32. Therapeutic treatments 
33. Synthesis techniques 
34. Condensers 
35. Environmental controls 
36. Crystal growth techniques 

37. Screening systems 
38. Resonators 
39. Regeneration systems 
40. Measurement systems 
41. Extruders 
42. Delivery systems 
43. Monitors 
44. Growth factors 
45. Mixers 
46. Sampling systems 
47. Probes 
48. Biological compounds 
49. Micromechanical devices 
50. Vibration isolators 
51. Irrigators 
52. Nutrient delivery systems 
53. Digestion systems 
54. Polynuclear hydrocarbons 
55. Gas deliquifaction techniques 
56. Suppressors 
57. Fibers 
58. Receptors 
59. Heat sinks 
60. Bioreplicators 
61. Implants 
62. Filters 
63. Evaporators 
64. Gene displays 
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65. Wave focusing techniques 
66. Inflatable structures 
67. Biochambers 
68. Derived tissues 
69. Moldings 
70. Ignitors 
71. Fluidizers 
72. Converters 
73. Facilitators 
74. Accumulators 
75. Reagents 
76. Bioreactive surfaces 
77. Electrosensitive films 
78. Rare earth glasses 
79. Hydrocarbon recovery processes 
80. Light scattering techniques 
81. Exercise devices 
82. Rotary vacuum distillers 
83. Thermal links 
84. Foams 
85. Colloidal structures 
86. Organic polymers 
87. Aeroponic growth systems 
88. Regulators 
89. Pastes 
90. Actuators 
91. Dispensers & injectors 
92. Smelting processes 
93. Plasma heaters 
94. Couplers 
95. Casting processes 
96. Energy storage systems 
97. Superconducting thin films 
98. Thermal oscillators 
99. Vapor transport reactors 
100.  Multilayered thin films 

 
While this listing is not exhaustive, it is illus-
trative of the range of products and processes 
that have been granted patents. In some cases 
knowledge gained through microgravity-based 
research is cited in the patent, while in other 
cases the objective of the patent may be to 
provide a needed function under microgravity 
conditions. Lastly, some cases require the micro-
gravity environment in order to achieve an out-
come not possible in a ground-based 1G environ-
ment 
 
Reference Strength 
 
The number of references to the term micro-
gravity in the body of a patent ranged from 1-64. 
Many patents include a list of bibliographic 
references, particularly scientific journal cita-
tions, which provide the basis in nature for phe-

nomena instrumental to the effective operation of 
the product, or process. For these patents, the 
number of references to microgravity in the title 
of the journal articles is typically low, i.e., on the 
order of 1-5 citations. When the citation strength 
is in the 6-10 range, or higher, it is more likely 
that the patent is either dependent on micro-
gravity to be effective, or represents a product or 
process for use under microgravity conditions. 
All of these linkages demonstrate value, and the 
table below summarizes the number of patents 
for each range. 
    reference 
# patents  % of total  strength  
 
    568    69.4%      1-5 
 
     53       6-10 
     35      11-15 
     15      16-20 
      9      21-25 
      9      26-30 
      9    30.6%    31-35 
      1      36-40 
      2      41-45 
      4      46-50 
      2      51-55 
      2      56-60 
      1      61-64 
 
From this we can conclude that roughly 2/3 of 
patents granted reference a finding of natural 
science in support of the patented product or 
process, while the remaining 1/3 rely more stron-
gly on microgravity conditions as either neces-
sary to effectiveness, or as a market to be served. 
 
Publication Citation Density 
 
A total of 301 publications were cited for the 818 
patents granted. While many of the citations 
were scientific journals, a variety of conference 
proceedings, periodicals and other sources were 
also included. The top 24 publications cited, as 
determined by the number of citations per pub-
lication, covered 243 (80.1%) of the total pub-
lications identified. These top 24 publishers are 
listed below. 

# citations 
J. Crystal Growth          52 
In Vitro Cell & Develop. Biology        22 
J. Cellular Biochemistry         17 
Thin Solid Films          17 
Microgravity Science & Technology      15 
J. Endocrinology          12 
Acta Crystallographica         11 
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J. Applied Physiology         11 
Animal            8 
Aviation Space and Environ. Med.         8 
Measurement Science & Technology      8 
Biotechnology and Bioengineering          7 
Review of Scientific Instruments         7 
Am. Soc. of Agric. Engr. Transactions    6 
Annals of the NY Acad. of Sci.               5 
J. Cellular Plastics          5 
J. Colloid and Interface Science         5 
J. Tissue and Culture Methods         5 
Nature Medicine           5 
Am. Inst. of Chem. Engr. Journal         4 
Science            4 
Geophysics           3 
Langmuir           3 
Physical Chemistry of Glasses         3 
          Total:    243 
 
Conclusion 
 
There is no doubt that patents based on space 
experimentation exist that do not contain the 
term microgravity. Trade secrets based on know-
ledge gained through microgravity experimen-
tation have also been witnessed, although their 
extent cannot be reliably estimated. Finally, li-
censing and equity agreements are not repre-
sented in the USPTO’s patent collection. Con-
sequently, the information contained in this 
paper is merely the tip of the proverbial iceberg 
in terms of value generated and prospects for the 
future. 
 
The field of microgravity R&D is coming of 
age. It is no arbitrary coincidence that the Inter-
national Space Station is also primed and ready 
with cargo transportation demonstrations pro-
ceeding on schedule. The only remaining ob-
stacle to progress is the visionary leadership and 
public policy necessary to equitably arbitrate a 
balanced R&D portfolio in the face of entrench-
ed special interest groups.  
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