Materials Science Experiments
under Microgravity - Spacelab 1
A. Bewersdorff and B. Feuerbacher, Cologne
(Institute for Space Simulation, DFVLR)

In November 1983, the European built
Spacelab was carried into orbit by the
American Space Shuttle and returned to
Earth 10 days later. This flight presented
a first opportunity to carry out research
in the special environment of space, us
ing a laboratory specifically designed for
scientific experiments. A total of 70 in
vestigations were successfully perform
ed, covering disciplines such as
astronomy and solar physics, Earth
observations, plasma physics, at
mospheric physics, life- and materials
sciences. Early results are documented
in a special issue of Science1).
In the area of materials sciences, 39
experiments were carried out, making
use of the greatly reduced level of
gravitational force aboard an orbiting
spacecraft. Results were presented in
November 1984 during a symposium at
Schloss Elmau in Bavaria, which gave a
comprehensive overview of the entire
field2). Here we report on just a few
representative experiments.
Materials science experiments in
space have given rise to wide public in
terest, but also to criticism in the scien
tific community, owing to the high cost
involved and the widely heralded pro
spects of commercial benefits. While
the commercial interest is developing
slowly in Europe, in contrast to a much
faster rise in the US3), the first set of ex
periments flown on Spacelab was
directed mainly towards fundamental
scientific goals.

Gravity is an all-pervading force in the
laboratory, but it is weak and usually of
no particular concern to the ex
perimenter. There are, however, situa
tions - e.g. when density differences are
present in a fluid medium - in which
undesired gravity effects cannot be
avoided: either the objective of an ex
periment may require temperature or
concentration gradients which are im
posed externally, or gradients appear
spontaneously as a consequence of a
natural process like solidification. Gravi
ty then gives rise to convection or
sedimentation of particulates, thus
determining effectively the transport of
heat and matter, as well as the
equilibrium distributions of temperature
and concentration. When g is reduced
by several orders of magnitude, other
weaker forces or transport mechanisms
are usually unveiled: for example, sur
face effects may become dominant. A
system may thus evolve into a con
figuration or state not accessible under
Earth gravity conditions.
The phenomenon of diffusion in li
quids is one that lends itself as a can
didate for space experimentation. Diffu
sion measurements require imposed
gradients of concentration or tem
perature and are sensitive to even ex
tremely weak convection currents in the
liquid. An experiment by Frohberg et al2)
was aimed at a precision measurement
of diffusion in a liquid metal. Published
data, particularly those referring to high

Fig. 1— Self diffusion in
liquid tin. The solid curve
shows the concentra
tion profile of Sn 112as a
function of distance
along the sample. Note
the high measurement
accuracy (= 0.5%). The
inset illustrates typical
ground results for the Sn
system.
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Fig. 2 —Thermomigration of cobalt in liquid
tin. The curves show the relative concentra
tion of cobalt as a function of temperature
lor distance along the sample). The flight ex
periment (µg) exhibits an enhancement of a
factor two, while the ground data (lg) are
constant within the measurement accuracy.

temperatures, must be suspected of
containing unknown contributions by
convection and wall effects to the
observed mass transport. As a conse
quence of this uncertainty, diffusion in li
quids is not well understood and
theories could not be subject to ex
perimental scrutiny. The Spacelab ex
periment measured self diffusion intin, a
material well investigated in ground ex
periments. Two isotopes, 112Sn and
124Sn, were applied to the ends of rods
consisting of natural Sn. After diffusion
at constant temperature, distributions
as shown in Fig. 1 were obtained. The
measurements yielded significantly
lower diffusion coefficients than under
normal gravity and moreover an im
provement of accuracy by more than an
order of magnitude compared to the
best available ground-based data (inset
Fig. 1). The higher accuracy allowed for
the first time an isotope effect in liquid
self diffusion to be reliably observed,
when a difference of about 10% was
found between the two coefficients.
Malmejac and Praizey2) observed the
thermomigration of cobalt in liquid tin.
Here the chemical separation of the
components of a solution arising as a
consequence of a thermal gradient was
studied. A gradient of 200 deg/cm was
maintained over a period of six hours
across capillaries of 18mm length. After
the flight, the Co distribution was
measured by activation analysis. The
comparison of flight and ground results
(Fig. 2) shows a surprising discrepancy:
while a concentration difference of a
factor 2 is found in the flight sample, the
ground experiment shows a constant

Fig. 3 — Ostwald ripening in a
liquid dispersion alloy. The size
distribution of Pb droplets in Zn
is changed by about an order of
magnitude after coarsening for
1 h in space. The relative width
of the distribution remains
constant. Such measurements
are not accessible on the
ground owing to sedimentation.

profile within the accuracy of the
measurement. Convection calculations
explain why the thermomigration (or
Soret-effect) is only observable under
microgravity. The Spacelab experiment
points to the possibility of improved
isotope separation in the liquid phase.
The study of dispersed droplets in a li
quid metallic system under microgravity
conditions attracts increasing interest
as it holds promise of production of
novel dispersion alloys with intriguing
properties. Early results in space flight
experiments indicated however a largescale phase separation even under
microgravity conditions. which has
been related to particle motion due to
Marangoni-convection, a transport
mechanism arising from spatial gra
dients in the interface tension induced
by thermal gradients. An experiment of
Ahlborn and Löhberg2) confirmed this
view, demonstrating the migration of
precipitated particles along thermal
gradients.
The coarsening of precipitated parFig. 4 —Fibre density as a function of growth
rate in the eutectic alloy InSb-NiSb. The flight
sample (µg) has a structure distinctly coarser
than the ground sample (lg). The figure combi
nes data from a Spacelab (SL-1) and a rocket
(TEXUS) experiment.

tides (Ostwald ripening) in an alloy with
a miscibility gap in the liquid phase was
studied by Kneissl and Fischmeister2)
for the Zn-Pb system. Coarsening is a
very common process in twocomponent mixtures and is caused by
the size dependency of solubility. Quan
titative measurements and tests of ex
isting theories are normally hampered by
sedimentation, which sets in when par
ticles grow beyond the size of a few
microns. Under microgravity, particle
motions were negligible. The results ob
tained (Fig. 3) differ significantly from
terrestrial measurements and allow us

to define the range of validity of existing
theories on the ripening process.
Solidification of various eutectic
alloys was studied in two
experiments2). With compositions
solidifying into lamellar structures no
difference was found between Earth
and flight samples, whereas composi
tions yielding a fibrous structure of the
minority phase showed a significantly
coarser structure in the microgravity
samples (Fig. 4). This is explained by a
gravity-driven convection at the
solidification front which on Earth can
not be controlled. It contributes effec
tively to the mass flow perpendicular to
the growth direction and affects the
solute distribution at the eutectic
interface.
Various crystal growth experiments
were performed during the first Space
lab flight. Results on semiconductor
solidification by the floating zone
method2)demonstrated the influence of
surface-induced Marangoni convection
on dopant distribution (striations),
which led to improved production
methods on Earth. A particularly in
teresting case is the growth of insoluble
crystals by a controlled precipitation
reaction, which has been tested with
two
materials,
PnHPO4 and
CaHO4.2H2O2). These hydrophospha-
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tes are representative of a class of incongruently melting or thermally
decomposing materials that can be
grown only at lowtemperatures. Under
terrestrial conditions, growth is par
ticularly difficult: either convection cur
rents produce local supersaturation and
thereby parasitic nucleation and growth
bands, orthe use of agel eliminates con
vection but causes inclusions and other
imperfections. The space samples
demonstrated that good monocrystals
can be grown by the method of
coprecipitation. Here the reactants, in
itially separated, are allowed to diffuse
into a nucleation chamber where the
crystals are formed. Microgravity
prevents natural convection and ensures
mass transfer bydiffusiononly, resulting
in monocrystals essentially free of
dislocations. The experiment may
ultimately open a way to producing a
new class of crystal not accessible at
present by ground methods with the
perfection required for technical
applications.
Asimilar problemisthe growth of pro
tein crystals for structural analysis. Here
a minimumsize of about 1mmis needed
to permit X-rayanalysis at the resolution
required. Such crystals are produced by
the method of salting out fromsolution.
This implies density gradients, which
under gravity give rise to parasitic con
vection and cause multiseed formation.
The experiment therefore yields small
crystals that are useless. In space,
diffusion-controlled nucleation and
growth was achieved by Littke2) for
lysozyme and -galactosidase (molecular
weight 14307 and 465000, respective
ly). The crystal sizes were significantly
larger than those grown under Earth
gravity conditions. The growth rates
observed are considerably larger than
expected and raise questions about our
present understanding of crystallization
of highmolecular weight materials.
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