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The paper presents purpose and advantages of carry-
ing out experiments in microgravity environment.
Current areas of research in materials science being
investigated in shuttle flights and those selected and
pursued for ground-based research with possible flight
experiments are discussed. Details of two experiments
conducted on missions STS-78 and STS-87 are pre-
sented. The criterion of selection of these experiments,
related ground based research and final flight defini-
tion and development issues are addressed. Finally, the
paper briefly touches on the broader advantages of
microgravity experiments related to general science
awareness programmes at all levels.

WHAT are the secrets that gravity masks? Gravity is a
dominant factor in many chemical and physical processes
on earth; but, as gravity’s effects are eliminated, what are
the results? Could new alloys be formed? How would lig-
uids of unequal densities then mix? There are many theo-
ries and experiments which predict the answers to these
questions, but the only way to answer and fully under-
stand them is to effectively eliminate gravity as a factor.
The microgravity environment of space or free fall condi-
tions offer scientists several unique characteristics for
conducting experiments that erase the effects of gravity.
In the beginning, research in microgravity environment
was mainly pursued to develop novel processing tech-
niques to design materials with unique properties. Later
the objective was broadened to use microgravity to seek
and understand quantitative cause and effect on relation-
ships between the processing, properties and structure of
materials. According to NASA, the objective of the micro-
gravity programme is, ‘using the microgravity environment
of space as laboratory to explore physical phenomena
sensitive to reduced gravity and studying the role of gra-
vity in technologically important processes’. There are
questions generated on values of fundamental properties.
In this case, benchmark experiments are important candi-
dates for investigations in microgravity. Benchmark exp-
eriments are designed to achieve a measurement accuracy
not possible in a one-gravity environment. This would
imply testing of theories to new levels of resolution that
will serve as a standard for many years. This area encom-
passes research on transient equilibrium phenomena, as
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well as on other thermophysical measurements of interest
in materials science. Last but not the least, is the interest
and involvement of a large academic community of sci-
ence teachers and students from schools and colleges in
the programme, to create a new and unique awareness to
improve the standards of teaching and learning. The broad
microgravity science disciplines pursued by NASA/ESA
are the following.

Biotechnology

Microgravity environment is used to investigate bio-
processing phenomenon. The programme currently sup-
ports two major research areas; crystal growth of biologi-
cal macro-molecules, cell and molecular science, focusing
in particular on proteins and viruses.

Combustion science

The combustion science research programme focuses on
understanding the important processes of ignition, propa-
gation and extinction during combustion in low gravity.
Research is directed for achieving fundamental knowledge
of combustion processes as well as addressing issues of
fire safety in space. Shape and size of the flame and role
of soot formation in combustion are studied.

Fluid physics

The purpose of the microgravity fluids research pro-
gramme is to improve understanding of how the presence
of gravity either limits or affects the fundamental beha-
viour of fluid dynamics and transport phenomena. In low
gravity, density-driven convection is greatly reduced, and
therefore allows study of surface tension gradients or
other phenomena that also drive such flows. The other
important objective of this programme is to contribute to
the knowledge of gravity-dependent fluid phenomena that
may have an impact on their research in other micro-
gravity science disciplines such as materials science and
combustion.

Materials science

The materials science programme uses the unique char-
acteristics of the space environment to study fundamental
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issues in materials solidification and crystal growth. The
current paper discusses in detail materials science-related
research in the microgravity environment of space.

The phenomenon that is expected to be most influenced
under microgravity environment is phase transformation
from liquid to solid occurring during the solidification
processing. Figure 1 shows the types of structures that
form at the solidifying interfaces. The names on left des-
cribe the shape of the geometry of the interfaces. Some of
the parameters effected by solidification conditions are:

e Type of interface

Cell and dendrite tip velocities

Shape and curvature of cell and dendrite tips
Intercellular and interdendritic spacings
Secondary arm spacings of the dendrites.

All the above parameters shown in Figure 1 strongly influ-
ence mechanical properties of the cast ingots of materials.
These parameters, apart from thermal and compositional
parameters, are significantly influenced by gravity-driven
convection'. Hence, the relevance of solidification studies
under microgravity conditions.

Figure 1 also shows the structure formation when
insoluble particles or inclusions are also present in the
system. After solidification, particles can be engulfed or
pushed and the resultant structure can look different. This
represents solidifying matrices in crystals, composites and
commercial castings and ingots.

It should be appreciated that most of the engineering
products at some stage of their manufacture have to
undergo solidification processing. For example, any pro-
duct made of metal or glass originates after casting of an
ingot. Therefore understanding solidification science is of
great importance. However, pursuing the original goal of
microgravity processing, i.e. to develop novel processing
techniques, semiconductor crystal growth in space was
pursued vigorously for long time. Some excellent quality
large size crystals of even compound semiconductors,
have been grown in space. However, as mentioned earlier,
it was realized soon that in microgravity environment,
suppressing the buoyancy-driven convection can manifest

Figure 1. Schematics of various microstructures observed during
solidification of melt containing insoluble particles.
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strongly the influence of other physical phenomena like
marangoni convection. It should be realized that surface
energy is an important physical phenomenon that still
needs to be understood. In summary, the potential benefits
expected from the experiments conducted under micro-
gravity are:

¢ Better understanding and control of materials proper-
ties for applications varying from high performance
opto-electronic devices to corrosion-resistant metals.

e Better understanding and prediction of microstructure-
controlled properties of cast metals and alloys.

¢ Improved utility of mathematical models for predicting
materials properties during terrestrial processing.

So far the microgravity-related experiments related to
materials science discipline have been presented as genera-
lizations. It would be interesting to list what it means in
terms of exact topics” on which lately experiments have
been conducted in microgravity on space shuttles by
NASA and ESA on various missions. If we consider the
microgravity experiments conducted in the eighties by
erstwhile USSR, they are more or less similar to those
conducted by NASA, except that more experiments on
semiconductor crystal growth were conducted by USSR
compared to NASA. All the experiments listed below
were approved by the NASA materials science pro-
gramme, and were selected after rigorous scientific and
technical peer review in the mid-nineties.

The following is a list of NASA’s current experiments in
progress and slated for running in future missions inclu-
ding International Space Station:

1. Coupled growth in hypermonotectics.

2. The effect of convection on morphological stability
during coupled growth in immiscible systems.

3. Isothermal dendritic growth experiment.

4. Orbital processing of eutectics.

5. Orbital processing of high quality Zn-alloyed CdTe
compound semiconductors.

6. Crystal growth of selected 1I-VI semiconducting alloys
by directional solidification.

7. Growth of solid solution single crystals.

8. Comparison of structure and segregation in alloys
directionally solidified in terrestrial and microgravity
environments.

9. The pushing/engulfment transition for insoluble parti-
cles in metal and organic matrices.

ESAs current experiments on space shuttle mission STS
(Space Transportation System):

1. Effects of convection on interface curvature during
growth of concentrated ternary compounds.

2. Equiaxed solidification of aluminium copper alloys.

3. Comparative study of cells and dendrites during solidi-
fication of an aluminium-nickel alloy at 1-g and under
microgravity.
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