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Materials science, as an interdisciplinary field with significant attention paid
to nanoscience and nanotechnology in recent years, is generally concerned
with the synthesis, atomic structure, chemical element distribution and var-
ious favorable properties of solid materials and structures. While solid-state
processing conditions are generally insensitive to gravity effects, liquid-state
processing depends considerably on gravity, leading to strong impact of
interfacial phenomena (liquid/solid, liquid/liquid), momentum, heat and mass
transport on solidification patterns, as well as further consequences regarding
phase selection during solidification and growth conditions, segregation, etc.
In this regard, it is interesting to note that almost 100% of all metallic prod-
ucts are, at some stage, produced through solidification and casting processes.
Experiments on metallic liquids excluding the effects of gravity—which is
achievable through processing in space, thus reducing gravity effects to micro-
levels—allow benchmark experiments and the opening of a new realm of
experimental possibilities to investigate basic features of the liquid state. The
basics and several experimental results are discussed including recent
experiments on long time scales under high temperature and containerless
processing conditions on board the International Space Station.

INTRODUCTION

Most properties of metals and alloys of industrial
use, such as superior mechanical strength, creep
resistance at elevated temperatures, improved life
times, good ductility, oxidation, corrosion and wear
resistance, etc., are determined by their
microstructure. Thus, microstructural control dur-
ing the solidification process is crucial for quality
control, waste reduction and the design of new
advanced materials for specific technological
applications.

Besides the general importance of the thermo-
physical properties of multi-component alloys for
the control of solidification and casting processes,
accurate knowledge of such data is also relevant for
fundamental science. For example, the analysis of
phase transformations, fluid stability and dynamics,
fundamental laws like dendrite and pattern forma-
tion, as well as fundamental studies of kinetics,

transport and pattern formation require the accu-
rate knowledge of the thermophysical properties
controlling such processes.1–3

In particular, during melt processing of techno-
logical relevance, for example in casting, welding,
thermal spraying, gas atomization, single crystal
growth and directional solidification, crystal nucle-
ation and growth is mainly controlled by the ther-
mophysical properties of the melt. The heat and fluid
flow are characterized by dimensionless numbers,
such as the Peclét, Prandtl, Rayleigh and Marangoni
numbers. Therefore, the basis for understanding
and predicting transport phenomena lies in the
accurate knowledge of the thermophysical proper-
ties which define these dimensionless numbers in
the liquid state. However, for most advanced (multi-
component) materials and components of interest,
the relevant thermophysical properties needed for
the simulation of heat flow and fluid flow during
solidification processes are not accurately known
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due to inherent experimental limitations. Over the
years, models have been further developed to
provide analytical insight but rely on the accuracy
(or inaccuracy) of the input data.

Some data can be obtained more or less accurately
by conventional methods. High-precision measure-
ments, however, on chemically highly reactive melts
and fluids at the temperatures of interest require
the application of containerless processing tech-
niques, together with non-contact diagnostic tools.
By eliminating the contact between the melt and a
crucible, accurate surface nucleation control and the
synthesis of materials free of surface contamination
and chemical reactions become possible. For metal-
lic melts, electromagnetic levitation is a well-suited
and versatile containerless technique. The influence
of microgravity conditions on the measurement of
certain thermophysical parameters can vary. The
reduction of the levitation forces in microgravity
leads either to a significant improvement of the
accuracy or makes the measurement possible at all.

THEORETICAL ASPECTS

Scientific Challenges

On the other hand, the quantitative numerical
simulation of casting and solidification processes is
increasingly demanded by manufacturers. It pro-
vides a rapid tool for the microstructural optimiza-
tion of high-quality castings, in particular where
process reliability and high geometric shape accu-
racy are important (see e.g., Fig. 1 exhibiting cast
structural components and the temperature distri-
bution during casting of a car engine block). Any
improvement of numerical simulation results
enables further optimization of the defect and grain
structure as well as mechanical stress distribution.
Through the effective control of unwanted crystal-
lization events, it even becomes possible to produce
completely new materials with a controlled amor-
phous (glassy) or nano-composite structure.

Crystal Nucleation and Growth Transients

Casting is a non-equilibrium process by which a
liquid alloy is solidified. During processing from the
melt and cooling below the thermodynamic equilib-
rium solidification (liquidus) temperature, the first
step achieved is the formation of crystalline nuclei
of nanometer dimensions that subsequently start to
grow. Alternatively, when the formation of nuclei
fails, or the growth of nuclei is very sluggish, there
is the formation of a metallic glass at the glass
transition temperature. At this stage, the main
limitations of understanding come from the lack of
precise values of the thermophysical properties.

Indeed, the basic understanding of the funda-
mentals underlying the nucleation of crystals from
the melt is in general limited to pure substances
under well-controlled conditions. As an example,
the nucleation rate I (T) is typically described by4

IðTÞ ¼ A

gðTÞ exp � 16p r3

3kBTDGlx
V ðTÞ

2

( )

with A is a prefactor depending mostly on the
interaction and wetting behavior of the liquid metal
in contact with a container, g(T) is the viscosity as a
function of temperature, r is the interfacial tension
between the liquid and solid phase being formed,
and DGV

lx (T) is the difference of the Gibbs free
energy between the undercooled liquid and the
nucleating crystalline phase. For most alloys of
actual interest, these thermophysical properties are
basically not known. In particular, the interfacial
tension between the liquid and crystal to be formed
is unknown and usually obtained from nucleation
and undercooling experiments, which makes the
entire approach rather circular in nature.

Whereas a relatively large set of data exists for
low-temperature melts, the data for liquids at high
temperatures are rather scarce for pure metals,
but are basically non-existent for complex alloys.
For example, the reported viscosity measurements
generally exhibit a large experimental scatter.
Thus, the viscosity data for pure iron—the basis
for any steel production—vary by more than 50%
depending on experimental conditions and the
sample’s purity. Therefore, this nucleation model
can describe the basic features but fails to ade-
quately describe the nucleation barrier, in partic-
ular for complex multicomponent alloys, which are
used for engineering components. Further, the
greater importance of diffusion over stirring in
the quiescent micro-g environment can dramati-
cally alter the nucleation rate and thus can be used
as a benchmark.

Multiphase Growth: Multicomponent Alloys

The most common case of multiphase growth is
certainly the solidification of binary alloys around
the eutectic composition, where coupled growth of
lamellae or rods of different solid phases is
observed. These eutectics are the simplest natural
composites, but their wide use, e.g., in electrical
devices, is prohibited by the problem of the
microstructure defects (e.g., connected lamellae)
which seems hard to overcome. Yet, some systems
may present interesting mechanical properties, for
instance by introducing fragile but high-strength
rods into a ductile matrix.3

Peritectic systems, in which a second solid phase
forms by the reaction between the melt and a first
solid phase, are both of practical and fundamental
interest. For example, studying the peritectic reac-
tion is taking a step forward towards multicompo-
nent alloys, such as Fe-Cr-Ni steels (D. Matson, this
issue) that form more than one solid phase often in a
sequence along the solidification path. Besides the
technological implications, this is also relevant for
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the fundamental understanding of the richness of
non-linear dynamic phenomena and requires an
exact knowledge of thermophysical property data.

Glass Formation

If the crystal nucleation rate is sufficiently low,
and if the growth of nuclei is sufficiently slow over
the entire range of the undercooled liquid below the
liquidus temperature, eventually the liquid freezes
to a non-crystalline solid, i.e., a glass (Fig. 2).
Glasses have been manufactured from silicon and
related oxides for thousands of years. More recently,
by developing new alloy compositions and process-
ing techniques, it became possible to produce more
and more materials in an amorphous form with
superior properties in comparison with their
(poly)crystalline counterparts.

In particular, new metallic glasses that can be
produced in large dimensions and quantities—
so-called bulk metallic glass or supermetals—are
emerging as an important industrial and commer-
cial material, superior to conventional Ti-, Al- or Fe-

based alloys. They are characterized by about
double the mechanical strength (about 2 GPa) in
comparison with conventional materials, excellent

Fig. 1. Fundamental aspects during casting of a complex component of cast iron, here shown in relation to a temperature map predicted for car
engine geometry (courtesy MagmaSoft, Germany).

Fig. 2. Volume and enthalpy of a glass-forming alloy as a function of
temperature and undercooling (left) and atomic structure in an MD
simulation of a Zr-Cu glass (right) (courtesy J. Jiang).
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wear properties and excellent corrosion resistance
due to the lack of grain boundaries. These advanced
materials can now be produced with dimensions of
several cm3 by casting techniques under high
vacuum conditions. For a number of pseudo-eutectic
Zr-based alloys cooling rates as low as 1 K s�1 are
sufficient to obtain high levels of undercooling and
to produce a bulk glass.5

Recent studies indicate a nanoscale chemical
segregation accompanying structural ordering in
deeply supercooled Cu-Zr-based liquids near the
optimum glass-forming composition, and a density
anomaly in the supercooled liquid of a
Zr58.5Nb2.8Cu15.6Ni12.8Al10.3 bulk glass that may
reflect a fragile/strong transition.6 Thermophysical
property measurements are needed for clarification
and to determine whether similar processes might
play a central role in other bulk glass formers.

Due to their strong resistance against crystal
nucleation and growth, the control of microstruc-
tural development is unique for metallic multi-
component systems with deep eutectics. By a vari-
ation in cooling rate and by different heat treat-
ments, the range of microstructural length scales
can be varied by several orders of magnitude
reaching from regular eutectic microstructures to
the nanocrystalline and glassy states.

Magnetohydrodynamic Modeling Aspects

The experimental techniques to be applied to the
materials science problems outlined above are based
on containerless processing in an electromagnetic
levitation device. In this regard, magnetohydrody-
namic modeling MHD, i.e., analyzing the effect of
magnetic fields on the internal flow of a levitated
hot liquid sample by numerical simulation, will
greatly add to the experimental accuracy. The focus
here is on the evaluation of the onset of turbulence
as a function of material parameters such as the
viscosity, density and electrical conductivity, and
the inductive heating power input.

EXPERIMENTAL SET-UP

Microgravity Relevance and Specifics of
Low-Gravity Facilities for Metals and Alloys

The paucity of thermophysical property data for
commercial materials as well as materials of fun-
damental interest is a result of the experimental
difficulties generally arising at high temperatures.
For chemically non-reactive metals such as, for
example, noble metals, some of these data can be
obtained more or less accurately by conventional
methods. However, high-precision measurements
on chemically highly reactive metallic melts, such
as Fe-, Ni-, Ti-, Zr-alloys, etc., require the applica-
tion of containerless processing techniques and the
use of high-precision non-contact diagnostic tools.7

For highly reactive metallic melts, electromagnetic
levitation (EML) is a well-developed containerless

technique which offers several advantages over
alternative levitation methods (electrostatic levita-
tion, gas-phase levitation),due to the direct coupling
of the high-intensity radio-frequency (rf) electro-
magnetic field with a metallic sample having an
optimum diameter between 6 mm and 8 mm.

Ground-based experiments using electromagnetic
levitation have achieved limited success in measur-
ing the thermophysical properties of liquid alloys,
since the high electromagnetic field, B, required to
lift the sample against gravity (Lorentz force
F � rB2) also causes excessive heating and turbu-
lence due to induced eddy currents. In contrast,
under microgravity conditions, much smaller levi-
tation forces are needed, since the force of gravity no
longer has to be overcome. In fact, in space, only a
weak positioning field is required.

The motivation for performing benchmark experi-
ments in the microgravity environment is thus
straightforward and at a high level of scientific
innovation. Firstly, in space, it is possible to suppress
the gravity-induced effects of fluid flow and more
subtle sedimentation effects during solidification.
Therefore, the contribution to fluid flow and heat
transport in the melt can be investigated without the
complications of buoyancy-driven thermo-solutal con-
vection and sedimentation/flotation.

Secondly, the space environment on long time
scales allows the application of containerless pro-
cessing techniques, such as electromagnetic levita-
tion. Levitated melts can be controlled effectively at
temperatures up to 2200�C, which in turn enables
critical liquid parameters to be measured much
more accurately and in a larger temperature range
as compared to the earth laboratory.

Experience with parabolic flights (micro-g dura-
tion 10–20 s) and TEXUS rocket flights (micro-g
duration 180 s) already indicated that some aspects
of the experiments can be successfully performed,
but that micro-g times are far too short to reach
thermal equilibrium and measurements in the
adiabatic regime. Expanding the experimental
time-temperature window through the use of the
International Space Station (ISS) will open a com-
pletely new realm of space experimentation.

In addition, non-contact measurement methods
need to be continuously developed. For surface
tension, viscosity, and density measurements, these
are based on high-resolution and high-speed optical
recording of the sample shape as a function of time
and temperature. Calorimetry, including thermal
relaxation times, is based on high-resolution non-
contact temperature measurement and modulated
induction heating with an accuracy of temperature
measurements of <0.1 K. Therefore, it is expected
that the specific environment of space and micro-
gravity conditions over long periods of time on board
the ISS will lead to breakthroughs in materials
science by eliminating complex distorting effects
and thus obtaining unambiguous benchmark data
and processing conditions.
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For the continued improvement of materials
processing with increasing requirements on compo-
sition, microstructure and behavior in use, which
often implies the breaking of technology barriers,
the core of the project is centered on the reliable
determination of the thermophysical properties of
metallic melts in the high-temperature regime.
They are required as input parameters for ade-
quately describing balances in volume phases (heat,
chemical species, momentum, etc.) and at bound-
aries (solid-liquid, liquid-gas, etc.) that together
form a set of coupled equations.

New sophisticated methods of controlled levita-
tion, magnetic excitations of surface oscillations, rf
power modulation, optical and temperature diag-
nostics, and in-time control and data analysis are
being developed for the measurement of thermo-
physical properties. Liquid samples can be pro-
cessed with a diameter of typically 6.5–8 mm. These
methods allow the direct measurement of the fol-
lowing surface- and volume-dependent thermophys-
ical properties in the range between 700�C and
2200�C as given in Table I.

For the thermophysical property measurements,
a variety of alloys were tested including industrial,
generic and bulk metallic glass-forming alloys of
fundamental interest. The samples selected include:

Ti-Alloys such as Ti6Al4V and Ti-aluminides8 as a
high-strength light-weight material are of great
interest to the aerospace and potentially to the
automotive industries. This group of alloys is con-
tinuously further developed by the addition of
refractory elements such as Nb, Ta and others,
which push the liquidus temperature beyond

1700�C. In this temperature range, no quantitative
thermophysical property measurements by conven-
tional methods are possible.

Ni-Based Superalloys These have long since been
the workhorse for power generation in land-based
turbines and for jet engine propulsion.9 Their c/c¢
microstructure is characterized by cubic precipi-
tates of an ordered cubic phase, c¢, in a disordered
matrix with a cubic crystal structure of almost
identical lattice constants, the c-phase, which
makes these materials among the highest temper-
ature functional materials in routine service. This
basic structure are being continuously further
developed, so-called third- and fourth-generation
Ni-based alloys.

Fe-Based Alloys Modern steels are used, for
example, in land-based turbines for energy produc-
tion, in jet engines, the automotive industry,
advanced fusion concepts and more. They are also
very interesting for the study of competing nucleat-
ing kinetics of different phases. Steel-casting alloys
show complex solidification steps with primary
metastable ferritic phase formation, rapidly fol-
lowed by a transformation to the stable austenite.10

This transformation has been shown to be signifi-
cantly influenced by liquid convection. Maintaining
microstructural control requires development of
casting models which include these effects.

Bulk Metallic Glasses These represent a new
development in materials science. These materials
possess superior mechanical properties compared to
crystalline conventional materials.11 The first gen-
eration of these materials was based on combina-
tions of early and late transition metals with further

Table I. Thermophysical properties of levitated liquid samples for ISS experiments and methods applied in
MSL-EML

Property Method

Enthalpy of fusion/crystallization Temperature-time profile
Level of undercooling Temperature-time profile
Specific heat capacity cp (T) A.C. modulation calorimetry and measurement of

external relaxation times
Liquid enthalpies, entropies and Gibbs free energies (T) Integration of cp (T)/Gibb’s thermodynamics
Thermal diffusivity and conductivity (T) A.C. calorimetry and internal relaxation time plus

phase shift between modulated power and
temperature signal

Total hemispherical emissivity (T) A.C. calorimetry and cooling performance
Fraction solid/liquid (T) A.C. calorimetry in two-phase region
Surface tension (T) Oscillating drop technique (frequency and

amplitude)
Viscosity (T) Damping of oscillating drop amplitude
Density and coefficient of thermal expansion (T) Videographic techniques in the coil’s axial and

radial directions
Electrical conductivity (T) Inductive method to measure the impedance of a

pick-up coil surrounding the sample
Thermal conductivity check (T) Wiedemann–Franz law; valid for solid versus

liquid?
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addition of, for example, Al and B. New more
lightweight compositions have been developed in
recent years. For the improvement of bulk metallic
glass formation, a thorough understanding of the
kinetic and thermodynamic properties affecting
nucleation and phase formation is required, as well
as refined models of crystal nucleation from deep
undercooling.

RESULTS AND DISCUSSION

Fresh insight into the stable and metastable un-
dercooled liquid state and metallic alloy solidifica-
tion can be gained with the potential of engineering
novel microstructures. To perform these experi-
ments, it is important to have access to extended
periods of reduced gravity.12

Parabolic Flights

Parabolic flights generally provide about 20 s of
reduced gravity of which typically 10 s are in the
liquid state. For materials science experiments at
high temperatures, this time is barely sufficient for
melting, further heating into the stable liquid, and
cooling to solidification of most metallic alloys of
interest in a temperature range between 1000�C
and 2000�C. Surface oscillations can be excited by a
pulse of the heating field, and the surface tension
and viscosity are obtained from the oscillation
frequency and damping time constant of the oscil-
lations, respectively. Processing must be performed
in a gas atmosphere under convective cooling con-
ditions. Under these conditions, however, thermal
equilibrium of the melt cannot be reached.

Using the Electromagnetic Levitator, surface
oscillations of the liquid hot drop with diameter of
8 mm can, for instance, be introduced by an electro-

magnetic pulse and the results analyzed by a high-
speed high-resolution video camera. Among the
results, Fig. 3 shows the surface tension as a
function of temperature in the range 1050–1450�C
of liquid Ni-75at.%Al processed under low gravity
on four parabolic flights with 10 s of processing time
each.

Sounding Rocket Processing

TEXUS sounding rockets offer a total of 320 s of
reduced gravity which is typically split between two
different experiments. As compared to parabolic
flights, the microgravity quality is improved by far.
Stable positioning and processing of metallic spec-
imens with widely different electrical resistivity and
density was achieved in different sounding rocket
flights with an adapted electromagnetic levitation
device.

Long-Duration Microgravity Experiments
on ISS

The electromagnetic processing facility MSL-
EML on the ISS (materials science laboratory-
electromagnetic levitator on the ISS) was installed
in 2014–2015. Experiments commenced in 2015 and
are planned throughout 2018, possibly until 2024.
In Fig. 4, a photograph of the MSL-EML installed
on ISS is shown together with the German astro-
naut A. Gerst (courtesy ESA). From the list of
samples mentioned, two examples will be discussed
in the following, namely the Ni-based superalloy
LEK94 (Ni-13.8Al-6.6Cr-7.6Co-2.1Ta-1.6W-1Mo-
1Re-5.6Ta-0.05Hf; MTU, Munich) and the bulk
metallic glass-forming alloy VIT106a (Zr-15.6Cu-
12.8Ni-10.3Al-2.8Nb; Liquidmetal Technologies,
Rancho Santa Margarita, CA, USA/Caltech).

As an example of processing for thermophysical
property measurements in the MSL-EML, Fig. 5
exhibits the temperature-time profile of the Ni-
based superalloy LEK94. Processing was under
350 mbar Ar. Measurements needed to be per-
formed in Ar atmosphere to reduce the evaporation

Fig. 3. Surface tension as a function of temperature of a Ni-
75at.%Al alloy measured with the oscillating drop method in an
electromagnetic levitation device on board a parabolic flight airplane
(micro-g time about 10 s).

Fig. 4. The electromagnetic levitation device ESL-EML being in-
stalled by the astronaut Alexander Gerst in 2014–2015 on the ISS
(courtesy European Space Agency).
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of volatile alloy components. The temperature-time
profile exhibits the heating in the solid phase,
melting and heating in the liquid phase to a preset
temperature, followed by stepwise cooling. First, it
should be noted that the alloy could be processed in
the liquid phase in a stable position for more than
10 min. Moreover, the alloy could be processed in
the highly undercooled liquid phase for an extended
period of time. The fourth calorimetery measure-
ment was performed at an undercooling of about
100 K. At the end of the nominal processing, the rf
heater was turned off, resulting in further under-
cooling of DTu � 310 K followed by recalescence.
Such an undercooling behavior over an extended
period of time and temperature has not previously
been observed for Ni-based superalloys under
micro-g conditions. Principally, it reflects the low-
impurity levels of the sample and the excellent
processing conditions.

At each temperature plateau, the heating power
input was modulated to perform non-contact mod-
ulation calorimetry.13 Modulation was done with
two frequencies, the lower one, x1 = 0.12 Hz, was
chosen to be in the adiabatic regime where the
effects of the finite thermal conductivity and radia-
tive and convective heat loss can be neglected, while
the larger one, x2 = 0.28 Hz, is in a regime where
internal heat transport contributions to the heat
balance are important and can thus be investigated.
In combination with magnetohydrodynamic model-
ing efforts, this may offer a deeper understanding of
the internal transport processes in the liquid as a
function of temperature and undercooling. The
temperature-time profiles were designed such that,
before reaching the temperature plateau, a thermal

transient time is observed in the x2 modulation
signal. The maximum amplitude of the modulation
signal of the x2 modulation component could be
identified but needs further analysis. It is further
observed that the time-dependence of the modula-
tion maxima is very well represented by a single
exponential from which the external relaxation time
is evaluated as s1 = 23.6 ± 0.1 s. This time constant
is characteristic for radiative and conductive heat
losses. The strict exponential decay is a result of the
linearization of the radiative and conductive bound-
ary condition for relatively small temperature
changes.

With these alloys, measurements of the surface
tension and viscosity by the oscillating drop method
were also performed. The surface oscillation spectra
thus obtained exhibited a single peak as expected
for a single component liquid and were of excellent
quality. An example is the surface oscillation spec-
trum of a LEK94 following pulse excitation. From
the spectrum shown with a center frequency of
34.55 Hz, the surface tension r at T = 1444�C is
obtained as r = 1.839 N m�1. This value is consid-
erably higher than a corresponding value of
r = 1.650 N m�1 obtained in a recent parabolic
flight experiment. The higher value obtained in
the ISS experiment is attributed to the very clean
processing conditions, including very low g-distur-
bances as exemplified in the unprecedented under-
cooling behavior and to more quiescent processing
conditions with lower cooling rates achieved in the
ISS experiments, i.e., 50–60 K s�1. For comparison,
in parabolic flights, the cooling rate amounts typi-
cally to 18–22 K s�1. The viscosity at Tliq was
obtained from the damping analysis of the decay of

Fig. 5. Temperature-time profile of processing a Ni-based superal-
loy (LEK94) in the liquid state for thermodynamic property mea-
surements. The programmed rf-heating generator oscillating circuit
current (red) on the right hand ordinate and the resulting temperature
response (blue) including melting and crystallization responses is
shown on the left hand ordinate in the stable and highly undercooled
liquid state. The maximum undercooling level is found to be about
300 K as seen from the recalescence peak at about 850 s (Color
figure online).

Fig. 6. Temperature-time profile of processing a Zr-based bulk
metallic glass-forming alloy (LM VIT106a) in the lower temperature
limit of MSL-EML. The rf-heating generator oscillating circuit current
(red) on the right hand ordinate and the resulting temperature (blue)
is shown on the left hand ordinate. A detailed analysis gives the
specific heat, total hemispherical emissivity and thermal conductivity
as a function of liquid temperature. The sharp line at ca. 450 s stems
from a magnetic pulse set intentionally to stimulate surface oscilla-
tions of the liquid drop for surface tension and viscosity measure-
ments.
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the oscillation amplitude in ISS experiments as
g = 8.8 mPa s. The complete evaluation of these
experiments is still under way including, in partic-
ular, the calibration of the inductive heating power
input for quantification of the modulation calorime-
try measurements.

As another example, the temperature-time profile
of the Zr-based bulk metallic glass-forming alloy
VIT106a is shown in Fig. 6. Here, the temperature
range of interest was below 1000�C. The goal of this
investigation was an investigation of the thermo-
physical properties in the stable and undercooled
liquid phase, measurements of surface tension and
viscosity, and the effect of undercooling and nucle-
ation. This alloy was extensively studied by in situ
x-ray scattering in the liquid phase where an
obvious structural change in the liquid was
observed at about 150 K above the liquidus temper-
ature. A preliminary evaluation of the specific heat
capacity and emissivity data in the liquid phase
indicates that such a structural change in the liquid
may also be detected in the thermophysics analysis
on the ISS.

CONCLUSION

Experiments under microgravity conditions in the
COLUMBUS module on board the ISS offer the
ideal conditions to investigate liquid metals and
alloys in a wide temperature range typically
between 700�C and 2100�C. The recent and exciting
results based on A.C. calorimetry and oscillating
drop methods clearly demonstrate that the MSL-
EML instrument on the ISS can be reliably applied
to process liquid metallic specimens of a varying
composition range over time periods of 10 min and
more for the measurement of thermophysical prop-
erties in the stable and widely undercooled liquid
phase.
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