→ Materials Science
	Laboratory (MSL)
Material physics research facility in Destiny
The Materials Science Laboratory supports microgravity research in the areas of solidification physics, measurement of
thermo-physical properties of materials and semiconductor crystal growth (Bridgman and zone melting), using exchangeable
Furnace Inserts (FI)

Power Supply Unit (PSU)

Facility Control Unit (FCU)

Core Facility (CF)

Vacuum Gas Subsystem
(VGS)/Water Pump
Package (WPP)

Gas Supply (GS) Drawer

Foot restraint

PROJECT:
TITLE:

MSL

International
Space Station
DOCUMENT N°:

ESA-HSO-COU-015

ERASMUS Centre - Directorate of Human Spaceflight and Operations

REV.

2.0

966 ?????
?????
750

1046

Sa
Te

•U
t
s

432

1580

1836

2014

Th
ca
cru
ca
to
tha
co
lea
ca
all

Facility Description

Facility Description

The Materials Science Laboratory (MSL) facility is the
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For creating large gradients, a Liquid Metal Ring enhances
the thermal coupling between the SCA and the cooling
zone.
Sample Cartridge Assembly (SCA) Technical Data
The samples to be processed are contained in experiment
cartridges, the SCA, that consist of a leak-tight tube,
crucible, sensors for process control, sample probe and
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cartridge foot (i.e. the mechanical and electrical interface
to the process chamber). The MSL safety concept requires
that experiment samples containing toxic compounds are
contained in SCAs that support the detection of potential
leaks. The volume between the experiment sample and
the cartridge tube is filled with a pre-defined quantity of
krypton, allowing leak detection by mass spectrometry.
•
•

Up to 12 scientific thermocouples providing the
sample’s temperature profile and allowing differential
thermal analysis;
Peltier pulse interface indexing: 2 pulse sources 0 - 50
A and 0 - 40 V each, maximum power 30 W each; series
and parallel operation possible, combined maximum
power 600 W; pulse duration range 100 ms - 4 s, pulse

•
•
•

grouping possible, min. time between pulse groups
14s;
Shear cell activation for thermo-diffusion
experiments;
Reservoir heating for maintaining a controlled vapour
pressure for volatile experiment materials;
Experiment-dedicated diagnostics: Seebeck Voltage
and Sample Resistance measurement for real-time in
situ monitoring of composition and temperature at
the growth interface as well as position and speed of
the solid/liquid front; Ultrasound diagnostics for realtime in-situ detection of location and velocity of the
solid/liquid interface.

Specifications

Materials Science Laboratory furnace insert characteristics
Solidification and
Quenching Furnace

Low Gradient
Furnace

TECHNICAL DATA
Max. temperature hot cavity heater diffuser:
1,673 K
1,673 K
Max. temperature cold cavity heater diffuser:
n.a.
1,477 K
Axial temperature uniformity of main heaters: <= 0.5 K
<= 0.5 K
Temperature stability (degrees K):
+/- 0.1 (T > 773)
+/- 0.02 (T > 1073)
Circumferential thermal uniformity (degrees K): +/- 0.25
+/- 0.5
Maximum thermal gradient (degrees K/cm):
150
up to 40
Diameter of furnace bore (mm):
30
30
Length of hot cavity zone (mm):
250
200
Length of adiabatic zone (mm):
50 – 100 (variable)
50
Diameter of adiabatic zone (mm):
11 - 30
30
Length of cold cavity zone (mm):
n.a.
120
Length of cooling zone (mm):
50
n.a.
Processing stroke:
150 mm
150 mm
Processing speed (mm/s):
10-5 - 2
10-5 - 2
Rotating magnetic field:
Yes
Yes
Magnetic flux density:
0 - 3.5 mT
0 - 3.5 mT
(orthogonal to and rotating around the furnace axis)
Magnetic field frequencies (1 Hz steps):
0 and 5 - 400 Hz
Thermocouples:		
Up to 12 individually selectable
Peltier Pulse marking:		
Yes
Sample resistance measurement:		
Yes
Seebeck voltage measurement:		
Yes
Cartridge shear cell activation:		
Yes
Differential thermal analysis:		
By thermocouple zoom
Ultrasound Diagnostics:		
Yes
3-Axis Accelerometer
Measurement range:		
10-6 - 10-3 g
Frequency range: 		
0.1 - 30 Hz
Processing Drive
Velocity range: 		
10-5 - 0.2 mm/s
Speed stability:		
+/- 1.5 %
Max. displacement step:		
0.8 µm
Quench Drive
Velocity range:		
6 - 100 mm/s
Furnace displacement including acceleration and deceleration: 100 mm in 1 s

Operations and Utilisation
Accommodation and Transport
The MSL, integrated in the MSRR-1, was launched inside a
Multi-Purpose Logistics Module (MPLM) onboard the Space
Shuttle STS-128 on 28 August 2009. The European research
facility was installed in the Destiny laboratory where the
scientific research is carried out.
Operational Concept
A fundamental feature of the MSL is the capability to
exchange furnace inserts allowing the application of
various processing techniques using different thermal
profiles. The crew first inserts the sample to be processed
(contained within an experiment cartridge) into the furnace.
Then, following evacuation of the process chamber, an
experiment sequence is initiated, consisting of a number of
steps with pre-defined parameters (e.g. heat-up, directional
melting, homogenisation, pulling/directional solidification,
quenching, and cool-down).
Transition from one step to another can either be timedriven or event-driven. The baseline approach is to execute
the experiment sequence completely automatically

(subsequent to manual insertion of the sample). Therefore
the crew intervention is limited to SCA, FI, and Experiment
Dedicated Electronics (EDE) exchange and facility
maintenance. The capability also exists however, to operate
via “telescience” (i.e. to adjust the process parameters and
step sequences in real-time) directly from the ground or by
using the crew. Following processing, the crew will remove
the experiment cartridge and place it into stowage for later
transportation to the ground.
Utilisation Scenario
The Facility Responsible Centre has the overall
responsibility to operate the MSL. Investigators can monitor
the progress of their proposed experiments from their User
Home Base.
Schedule
The MSL is operational on orbit since October 2009.

MSL-LGF (Low Gradient Furnace)
insert

Materiel Science Research Rack-1
http://erasmus.spaceflight.esa.int

Illustrations: ESA/D. Ducros

ESA astronaut Christer Fuglesang (top foreground) and NASA
astronaut Tim Kopra, both STS-128 mission specialists, install
a Materials Science Research Rack-1 (MSRR-1) in the Destiny
laboratory of the International Space Station

