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Chapter 3: Manufacture and design of a new Mars atmosphere simulation chamber 

 

This chapter is the basis of a manuscript that will be submitted to the International Journal of 
Astrobiology 

K. Motamedi, A. Colin, O. Postma, R. Lootens, D. Pruijser, R. Stoevelaar, G.R. Davies 
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3.1  Introduction 
 

The fundamental aim of this PhD thesis is to rigorously evaluate the performance of an 
elegant breadboard RLS instrument under Mars analogue conditions. In order to evaluate the 
RLS instrument performance under Martian conditions an analogue chamber capable of 
reproducing the major features of the Martian atmosphere is required. A major component of 
this thesis has been the manufacture of such a chamber and this chapter will present a detailed 
discussion of the design, manufacture and testing of the capabilities of the MASC at the 
Department of Deep Earth and Planetary Science at the VU University.  

Ambient Martian conditions include low atmospheric pressure (6-10 mbar) and an 
atmospheric composition that varies over the Martian seasons but is essentially 95% CO2, 3% 
N2, 1.5% Ar, 0.1% O2, and 0.01% CO, with water vapour less than 0.03% (Jensen et al., 
2008). The temperature on the planet is highly variable and varies seasonally. The average 
surface temperature is about -60 °C but during the Martian winter the temperature of the 
surface at the polar caps can drop to almost -140 °C while in the summer the warmest soil 
reaches near 20 °C at noon at the equator (Grady, 2008). The European Space Agency, to our 
knowledge, has yet to make a final decision on the exact operating temperature of the 
ExoMars rover. Previous work related to ExoMars Raman studies (Sobron and Wang, 2011) 
estimated the rover operation temperature range would be between -30 °C and +10 °C during 
the Raman measurements. Given that the Raman instrument will be housed within the Pasteur 
instrument package, we agree that this is a realistic operating situation and hence perform our 
experiments in a Mars Atmosphere Simulation Chamber (MASC) between +10 to -30 °C. 

Given the climatic variations within the Martian atmosphere and on its surface, the control of 
temperature, humidity and pressure in Martian chambers are important for testing the 
performance of space instrumentation. Consequently, the experimental approach that needs to 
be followed is to test the performances of the RLS instrument over this temperature interval. 
This should involve a detailed calibration of the spectrometer to establish if spectra are 
reproducible for temperature range between +10 to -30 °C. Moreover the influence of the 
temperature on mineral Raman spectral features should be investigated over the same 
temperature range. Hence a key aspect of this thesis is to describe the influence of relatively 
low temperature on Raman spectra at Martian conditions as temperature variations may cause 
frequency shifts or changes in spectral peak widths. This subject was introduced and 
discussed in far greater details in chapter two. 

This chapter describes the design and operation of MASC at the VU Amsterdam. This is 
followed in later chapters by a detailed assessment of the capability of the RLS instrument to 
obtain Raman spectra of minerals under Martian environmental conditions with a specific 
comparison made to terrestrial atmospheric conditions. 
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3.2  Current Mars Chambers  
 

Worldwide there are a large number of atmospheric simulation chambers (> 50) that are 
capable of mimicking Martian conditions to some extent. In the context of testing the RLS 
instrument, however, many are too small, or lack precise control of humidity and 
temperature. We first outline the characteristics of several existing chambers and then 
introduce the rationale behind the specific design characteristics of a new MASC. Discussion 
will include a focus on the control of the temperature and pressure required for simulating 
Martian conditions. MASC is constructed to be versatile to allow both testing of space 
instruments and the analysis of geological samples under Martian-like conditions. A 
secondary goal that was introduced during the early phase of this PhD study is the 
requirement to approach environmental conditions close to that of the lunar surface. This 
second aim will allow assessments to be made of how an RLS instrument would operate at 
the lower vacuum conditions present on the lunar surface and if the RLS instrument is viable 
for use on future lunar missions (Colin et al., 2012). 

Some of the larger or most modern chambers and their major characteristics are briefly 
outlined below to provide the reader with an understanding of the diverse and sophisticated 
facilities that are currently available and also the rationale as to why a dedicated chamber was 
required to test the RLS instrument at the VU University:   

- Planetary Simulation Chambers at the Centre for Astrobiology Research in Madrid: One of 
these chambers is a versatile environmental simulation chamber capable of reproducing 
atmospheric compositions and surface temperatures for most planetary objects. It has a length 
of 50 cm with a 40 cm diameter and was specifically developed to subject samples to in situ 
irradiation. The pressure in the chamber can be varied between 5 and 5 × 10-9 mbar. The 
required atmospheric composition is regulated using a residual gas analyser with ppm (parts 
per million) precision. Temperatures can be set from -269 to 52 ºC. The sample under study 
can be irradiated with ion and electron sources using a deuterium ultraviolet (UV) lamp and a 
noble-gas discharge lamp. The chamber also has in situ analytical capabilities in the form of 
UV spectroscopy and infrared spectroscopy (IR). This chamber is especially suitable for 
following the chemical changes induced in a particular sample by irradiation in a controlled 
environment. Therefore, it can be used in different disciplines such as planetary geology, 
astrobiology, environmental chemistry and materials science as well as for instrumentation 
testing (Mateo-Martí et al., 2006). 

- Planetary Simulation chambers at the German centre for air and space travel, the Deutsches 
Zentrum fur Luft-und Raumfahrt (DLR), in Germany:  

There are two planetary simulation chambers in the Planetary Emissivity Laboratory at DLR. 
One is a vacuum chamber (approximately 40 x 30 x 30 cm) and simulates conditions on 
Venus and Mercury. Samples can reach 500 °C and beyond, while keeping the rest of the 
chamber relatively cold (Maturilli et al., 2010). The second chamber is a Mars Simulation 
Facility (MSF). The MSF lab consists of a cold chamber with a cooled volume of 80 x 60 x 
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50 cm. The effective operational experimental chamber, which is cooled within the cold 
chamber, is a cylinder with inner diameters of 20.1 x 32.4 cm. This chamber operates at 6 
mbar CO2 pressure at -75 °C (Vera et al., 2010).   

- Mars simulation facilities at the Open University, UK:  

The Mars simulation facility consists of a large chamber (90 cm diameter x 180 cm length), 
providing pressure and temperature conditions representative of the surface conditions on 
Mars. This chamber is configured with the capability to incorporate large scale regolith 
experiments not usually possible within standard vacuum systems. Another chamber is a 
small Mars chamber (70 cm diameter x 100 cm length) provides a simulated Mars 
environment with a solar illumination facility designed for instrument qualification and 
astrobiology experiments. The facility is also configured to permit automated variation of the 
environment, such as thermal diurnal cycling (Patel et al., 2010). 

- Mars simulation chamber at University of Toulouse, in France: 

This chamber was developed to reproduce the Mars environment to test the first Laser 
Induced Breakdown Spectroscopy instrument sent into space as part of ChemCam on the 
Curiosity Rover (Cousin et al., 2011). The chamber has a volume of 70 l. The chamber is 
pumped to 10-3 mbar and then filled with 95.7% CO2, 2.7% N2 and 1.6% Ar to mimic the 
Martian atmosphere. In each experiment, five samples are placed in the chamber and the 
ChemCam instrument is installed 3 metres from the sample. The chamber is kept at room 
temperature, which is a difference compared to flight mode conditions, but it should be 
generally of no importance for LIBS analysis because of the high temperature of the plasma ~ 
8000 ºC, (Cremers and Radziemski, 2006).  

3.3  MASC chamber: Required performance 
 

The essential requirements of a Mars simulation chamber ideal for the testing of 
spectroscopic instruments such as the RLS instrument are as follows: 

 Variable Atmospheric Pressure: Atmospheric pressure inside a chamber potentially 
has a major influence on the performance of certain analytical instruments both in 
terms of measurement capabilities, LIBS for example (Andrew et al., 2010), as well 
as the actual functionality of the instrument. To fully assess the effects of low 
pressure on the instrumentation and instrument performance, it is desirable to create a 
chamber with flexibility to operate over a pressure range greater than that found on 
Mars. Therefore, an appropriate chamber should produce stable pressures from 
atmospheric conditions down to 4 x 10-5 mbar. 
 

 Large Operational Volume: To test spectrometers and other instruments, as well as 
having the capability to examine Mars sample analogues, a suitably large chamber 
volume is required (~ 200 l). However, the larger the chamber volume, the greater the 
outgassing from chamber surfaces. There is also potential for outgassing of residual 
water from the components in the chamber as well as the samples and instruments 
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placed in the chamber. Many previous chambers have therefore had small dimensions 
to avoid potential problems with outgassing.  

 
 Temperature Control: The control and monitoring of temperature (+10 °C to -30 °C) 

in all the previously discussed chambers proved to be technically challenging. A 
combined cooling and vacuum pumping system must create stable temperatures in the 
chamber. Previous research has sometimes adopted a pragmatic approach where 
temperature is only varied in the sample holders/trays in the Mars chambers (Sobron 
and Wang, 2011). Such an experimental approach will provide an indication of first 
order variations in analytical performance of instruments or analytical techniques but 
will not provide a true proxy of experiments performed under Martian conditions. 
Therefore, a far more rigorous chamber design approach is required.  

 
 Flexible Functionality: A fully versatile Mars simulation chamber should also have 

the flexibility to support testing of specific instruments, many of which will include 
charge coupled device (CCD) as detectors (e.g., for ExoMars Cameras, XRD-XRF, 
RLS instrument). The optimal operation conditions of CCDs will vary from 
instrument to instrument but generally are operated at low temperature (< -10 °C) to 
reduce the sources of thermal noise. Consequently, if optimal results have to be 
obtained during the Mars simulation experiments, the CCD need to be kept at a 
constant and low temperature. For the ExoMars mission itself, it is proposed to keep 
the CCDs below -15 °C, irrespective of the ambient conditions on Mars and inside the 
ExoMars Rover.  

 
 Safe Operational Conditions: The optical system of the RLS instrument is designed to 

be extremely robust and survive a Mars landing and subsequent variations in ambient 
Martian conditions. Repeated rapid changes in temperature will, however, subject the 
spectrometer optics to thermal stresses that may lead to damage of the instrument. It is 
therefore a requirement to design a chamber with capability of carefully controlling 
the heating and cooling rates at different parts of chamber. Hence, any potential 
damage to the RLS instrument will be avoided. 

 
A summary of the required operational conditions of a new 200 l MASC are given in Table 
3.1. 

Operating 
Pressure 

5-10 mbar 

Background 
vacuum 

<10-5 mbar 
 

Leak tightness <10-9 std cc/sec 
Atmospheric 
composition 

Carbon dioxide ~ 100% 

Water content 
 

As low as possible < 
0.05% 

Temperature +10 to -30 °C 
Cool down 
/warm up time 

16 hours 

                

Table 3.1. Desired operational conditions MASC. 
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To the best of our knowledge, MASC is the first Mars/Moon simulation chamber that has 
enough room (200 l) and versatility for the study of different planetary instruments and 
materials under separately controlled environmental conditions. A note must be made that our 
Raman spectra were not obtained remotely through viewports mounted in chamber doors 
(with spectrometers outside the chambers). The design of the MASC allows in situ RLS 
measurements on the same set of samples under the same environmental conditions with the 
spectrometer inside the MASC and represents a true analogue of the expected operating 
conditions during a planetary mission. 

3.4  Mars Atmosphere Simulation Chamber (MASC) 

3.4.1  General design philosophy 
 

Initially a vacuum chamber with a volume of 50 l (L = 70 cm; D = 50 cm) was chosen for the 
task of testing the RLS instrument. However, the final version of the RLS instrument did not 
conform to the original design, with some parts being more than a factor of 10 larger. 
Dimensions of the manufactured spectrometer were also changed due to a problem in 
obtaining a suitable space qualified and high precision diffraction grating. A delay in the final 
design of the spectrometer in turn led to a major delay (~ 1 year) in the manufacture of the 
optical head by the Netherlands Organisation for Applied Scientific Research, (TNO) science 
team. Ultimately, considering project deadlines, a less sophisticated optical head was 
manufactured that was a factor of ten times larger than originally planned (360 mm diameter, 
326 mm height). The optical head that was delivered was intended to simply test the 
functionality of the overall design concept, i.e. that the RLS instrument would operate with a 
single spectrometer. This major change in the RLS instrument design required the 
manufacture of a new dedicated chamber and resulted in a total change in the focus of the 
PhD. Manufacture of the chamber became a major scientific-technology goal and the degree 
of Mars analogue experimentation had to be radically reduced. 

The only practical solution to overcome the increased volume of the optical head was a new 
larger volume chamber. Hence, MASC with 200 l (1 m length and a diameter of 57.6 cm) 
was designed and built (Fig. 3.1). This new design included major contributions from Vrije 
University technical staff, most notably Onno Postma, Ron Lootens, Daniel Pruijser, Rob 
Stoevelaar and their colleagues. Without their input and guidance this project would never 
have reached completion. 
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Figure 3.1. The outside view of the MASC presented as a mirror image to give an overall idea of the makeup of 
the chamber; a) main entrance doors, b) thermal insulation covers the chamber wall/doors, c) cooling/sample 
mounting plates, d) holes for electrical-thermal, optical feedthroughs and dedicated flanges are visible in the 
both doors, e) cooling pillow plate. See Fig 3.3 for further images of the chamber and Fig 3.10 for a schematic 
of the entire MASC. 

3.4.2  Vacuum isolation 
 

As it was explained in section (3.3), one of the challenging requirements in design of the 
planetary simulation chambers is creating stable temperatures within a considerable volume 
of the chamber. To allow operation with a stable internal temperature, MASC needs to be 
well insulated to avoid heat loss/gain from the ambient laboratory conditions outside the 
chamber. The design incorporates a double wall allowing production of an isolation vacuum 
over the full length of the chamber (Fig. 3.3). There is a 60 mm gap between the two walls. A 
vacuum in this volume was initially achieved using a portable pumping system that includes a 
turbo pump. This system generates an isolation vacuum in the order 10-5 to 10-6 mbar, which 
is sufficient to minimize heat conduction from ambient laboratory conditions into the inner 
tank wall. The isolation volume can be closed off so that it is not required to be continually 
pumped. Despite careful manufacturing specifications, our practical experience was that 
initially the isolation volume underwent significant outgassing.  Consequently the isolation 
volume was baked and outgassed several times before it was possible to achieve a stable 
vacuum of < 2 x 10-6 mbar.  

The vacuum isolation alone is not sufficient to achieve stable temperatures within the 
chamber. It was therefore essential to further improve the thermal insulation as the large 
surface area of MASC causes elevated heat conduction (from both the doors and chamber 
walls). Hence, MASC is covered with a flexible 20 mm thick insulation layer made of 
Thermoplastic elastomeric foam (TPE). This material is designed to provide effective 
insulation over a temperature range between -80 and +95 °C. The highly flexible nature of 
TPE made it possible to cover the outer wall and two main flanges of the chamber (Fig. 3.1).  

 

a a 

b 

c 
c 

d e 
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3.4.3  Cooling screen 
 

The cooling/heating power of MASC is provided via a cooling screen (pillow plate) that is 
inserted inside the chamber. The pillow plate is made of 2 stainless steal plates that are 
partially welded together with a pattern that forms inter-connected channels. In order to 
create a pillow like shape, the 2 welded plates are deformed by putting them under a pressure 
of between 40 and 60 bar. This way the plates will locally “puff up” like a balloon. As shown 
in Fig. 3.2, there are six welds (concentric circles) in the design of the cooling plate to create 
the cylindrical tube. The outer dimension of the pillow plate before creating the cylindrical 
tube was 75 x 171.85 cm. 
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Figure 3.2. The initial design (in Dutch) and the dimension of the cooling plate. Freon enters from the red 
entrance hole and passes along the green path inside the cooling plate. Circles connect the two plates of cooling 
plate together but allow Freon to flow between the welds (area in green). There are six welds (concentric circles) 
plus one large oval weld in the cooling plate that fix the plates together and prevent Freon circulation; white 
areas. 

 

Freon entrance 

Freon exit 

Concentric circles = 
weld  
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The entrance and exit of the cooling plate are located in the middle of the screen so that 
connecting tubing to a cooling machine can be made as short as possible ensuring minimum 
thermal loss (Fig. 3.3). 

 

Figure 3.3. The internal view of MASC: a) the cooling screen (pillow plate), b) available space for mounting 
Raman/LIBS components and 3D linear stages on the cooling plate, c) temperature sensors, d) the entrance and 
exit of Freon to the cooling screen, e) chamber double wall, f) temperature sensors of cooling plates are 
connected to the rest of sensors in chamber via a single wire system. 

 

3.4.4  Design of door/flanges and mounting plates 
 

The design goal of the end flanges is to ensure high versatility of the chamber, i.e. 
compatibility for use with a variety of different analytical instruments and to perform a wide 
variety of analyses on different analogue materials. To allow ease of access, the entire ends of 
the chamber are designed as flanges/doors. The doors specifically allow for the incorporation 
of multiple electrical and optical feedthroughs, which provides the MASC with great 
flexibility. Instruments cannot be directly attached to the chamber walls due to the presence 
of the cooling screen. Therefore the two main doors must be designed to fulfil several roles. 
First they must provide support for platforms that hold samples for analysis and instruments 
that will be tested under Martian conditions or perform measurements under these conditions. 
Most instruments that will be tested inside the chamber operate in a horizontal plane. So it 
was necessary to create a horizontal platform that can hold the instruments. To mimic 
Martian conditions for both samples and instruments, it is also necessary that any mounting 
plates have cooling-heating capacity. Consequently for extra cooling capacity, a cooling 

a 

b 

c 

d 

e

f
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channel is integrated within the horizontal platforms and these platforms are called mounting 
plates (Fig. 3.3).  

The doors also have internal cooling channels and are directly connected to the cooling 
system. Practical experiments have shown that condensation appears on the surface of small 
flanges/feedthroughs at temperature near or below 17 °C, potentially leading to problems for 
electronic and optical components. Therefore, it is required to maintain flanges/feedthroughs 
above 20 °C. Depending on the number, size and other mechanical properties of the 
feedthroughs, flanges on each door can be independently heated to 20 °C. The heaters on the 
flanges are power resistors. They have a low resistance (1-2 Ohms) and can handle up to 30 
Watts. A Call9300 temperature controller is used to set the temperature. Therefore, each door 
can be set to a desired temperature, such as 20 °C (Fig. 3. 4).  

 

Figure 3.4. The view of one of the main MASC doors with a) local heater and b) a flange that can be fitted with 
optical or electrical feedthroughs as seen on the flange to the right. 

 

3.5  Control and operation of the vacuum system  

3.5.1  Design of the vacuum system 
 

Maintaining and accurately controlling internal pressure of the chamber is another design 
requirement. The system must operate at a pressure typical of ambient Martian conditions (6–
10 mbar). Significantly, however, the Martian atmosphere only contains ~ 0.03% water. The 
large surface area of the doors and chamber and the multiple electrical and optical 
feedthroughs could lead to extensive outgassing. Therefore, the vacuum system needs to be 
designed to keep water levels at a minimum and hence has the capability to reach ~ 10-5 mbar 
levels to ensure that water vapour contents do not exceed Mars’ atmosphere values. To reach 
a basic vacuum in the approximately 200 l chamber volume, an oil free dry-compression 
diaphragm pump (Pfeiffer PKT01300) is used as the backing pump to a turbo pump. In the 
MASC experimental setup, the diaphragm pump controls the vacuum in the 4 to 12 mbar 

a 
b 
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pressure range and an oil free turbo molecular pump, (Pfeiffer TMH 071P) is used to reach an 
initial vacuum of  ~ 10-5 mbar. Table 3.2 reports measured pressure inside the MASC as a 
function of time following initial pump down after a sample change; i.e., the chamber 
contained spectrometer, optical head, samples and all optical fibres and electrical cables. 
Pump down time is rapid and H2O is quickly and effectively removed from the system 
without the need for an additional cold finger (Table 3.2). 

Time (min) pressure (mbar) 
  0 
15 
30 
45 
60 
90 
120 

1010 
24.8 
4.2 
0.1 
4 x 10-3 

4 x 10-4 
4 x 10-5 

 

Table 3.2. Measured pressure inside the MASC as a function of time. 

 

 3.5.2  Selecting a suitable vacuum seal 
 

To maintain stable Mars or lunar conditions, the MASC needs to be leak tight. However, 
MASC has two large entrance doors (57.6 cm diameter), so ensuring a good vacuum seal 
potentially presents a major practical problem. One possible solution is to use a metal gasket 
(e.g., annealed Cu) and a knife edge. However, the use of multiple metal gaskets associated 
with numerous sample changes is not viable as it would prove expensive. Therefore, the use 
of Viton O-rings is the preferred solution for both ease of use and expense. However, there 
are potential problems with rubber products when used over a large temperature range; 
thermal expansivity, brittle at low temperature and high outgassing rates. To assess these 
three problems, a series of elastomer O-rings were evaluated. The O-rings are held in place 
with a 6.5 mm thick aluminium O-ring holder. Although this practical experimentation is not 
an academically challenging exercise, a detailed discussion is given to provide the reader 
with an idea of the technical and practical challenges faced when seeking solutions for even 
apparently minor technical problems and the compromises that need to be made in choosing 
components. Such technical problems were frequently encountered during the manufacture of 
MASC. 

The first aspect to consider is the effective operational temperature of the O-rings. The 
operational temperature range of common elastomeric materials is given in Fig. 3.5. Most 
rubber-based compounds such as High Temperature Nitrile butadiene rubber (NBR), 
polyacrylate (ACM) and Tetrafluoroethylene/Propylene Rubber (FEPM) have a limited low 
temperature resistance (from near -33, -12 and 0 °C respectively) and hence are not 
recommended for use at sub-zero conditions. Ethylene-Proylene-Diene elastomer (EPDM) is 
the first choice for low temperature O-ring sealing because of its proven behaviour down to -
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50 °C. An alternative is Viton FKM (Fluorocarbon rubber). Although other candidates for 
low temperature application exist (e.g. silicone rubbers (VMQ), styrene butadiene rubber 
(SBR)), the possible application of these other rubber types is not recommended due to their 
large permeability for atmospheric gases and their high volume change with temperature and 
in some cases high cost. 

 

Figure 3.5. Temperature range of use of common elastomeric materials after Hannifin (2001). The lowest and 
highest operating temperature of MASC indicated in red at -30 and +10 °C. 

The second design consideration for O-rings is the effect of decreasing temperature on the 
hardness of elastomeric compounds. Figure 3.6 summarises the hardness of several rubber-
based compounds. As temperature decreases, the hardness of rubber based compounds 
increases. In order to maintain a seal when there is a large pressure difference, a material 
must maintain a low rigidity and hence easily deform when compressed between flange 
surfaces. The recommended temperatures for use of elastomers are in generally higher than 
the temperature when a maximum hardness is attained. In Fig. 3.6, the vertical scale is Shore 
durometer, which is one of several measures of the indentation resistance of materials based 
on the depth of penetration of a conical indenter. Shore durometer is typically used as a 
measure of hardness in polymers, elastomers and rubbers. The two most common scales are 
type A and D. The A scale is used for softer plastics as is required in our case. In Fig. 3.6, the 
vertical scale shows the hardness, 50 to 100 Shore A scale between -57 °C to 27 °C. EPDM, 
FKM and NBR have the highest shore hardness. EPDM records substantial variation: from 75 
at room temperature to 90 at -40 °C. For FKM a hardness of 97 Shore is reached at 
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approximately -40 °C. Although FKM has a high hardness of 97 at -40 °C (Fig. 3.6), the 
manufacturers recommend its use at temperatures higher than -15 °C (Fig. 3.5). Therefore 
FKM is not suitable for experiments below 15 °C with MASC. In addition, we should keep in 
mind that, normal FKM fluorocarbon (viton) has a glass point near 0 °C (below the glass 
transition temperature, the polymer becomes hard and brittle, like glass). However, other 
types of polymers with a very low glass point can only be acquired by special commissions 
and are therefore expensive (€1000’s per commission). 

 

Figure 3.6. Effect of temperature on rubber hardness after Hannifin (2001). The operational temperature range 
of the MASC is -30 to +10 °C. 

Another important property of elastomeric materials is thermal expansion. Most rubber-based 
compounds have significant thermal expansion that results in expansion/contraction upon 
heating or cooling leading to a poor vacuum seal. According to the suppliers, length changes 
for an O-ring elastomer with a length of 1.5 m and a seal diameter D = 0.5 m are in the order 
of several millimetres between the proposed different operating temperatures. This order of 
magnitude length change is insufficient to cause significant problems to the vacuum provided 
that the length change is uniformly distributed along the entire O-ring. The O-ring is 
therefore held in place with an aluminium holder to ensure uniform distribution of strain. 

The final character of elastomeric material to be considered is outgassing. Any outgassing 
from the O-ring and other installed materials within MASC must be limited to ensure that no 
coatings are adsorbed onto any optical components inside the chamber and water levels are 
maintained at or below Martian levels. Any contamination in the MASC and particularly on 
spectrometer optics would compromise performance and make the development of a 
technique to the search for organic molecules in the presence of complex hydrocarbons 
almost impossible. In the Table 3.3, the weight loss of elastomers compounds under vacuum 
conditions (1.33 x 10-6 mbar) at room temperature for the period of two weeks are presented 
(Hannifin, 2001). EPDM seems to be in the middle of the weight loss range: between 0.39 
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and 0.92%, while, FKM with high vacuum applications has the lowest weight loss: 0.07 to 
0.09% (Table 3.3). Hence, for high vacuum applications in the temperature range from 20 up 
to 200 °C, FKM is often used. However, normal FKM grades have a limited low temperature 
resistance and are therefore not applicable as door seals for use in the MASC.  

 

Weight loss of compounds in vacuum 
 
Vacuum Level: ~ 13 mbar 
Time: 336 hours (two weeks) 
Room temperature 

 
Compound Number 

 

 
Polymer 

 

 
weight loss percentage 

 
B0612-70 
C0873-70 
E0515-80 
E0529-60 
E0692-75 
L0449-65 
L0677-70 
N0406-60 
N0674-70 
P0648-90 
S0455-70 
S0604-70 
V0747-75 
V0884-75 
V0894-90 

 

 
Butyl 

Neoprene 
Ethylene Propylene 
Ethylene Propylene 
Ethylene Propylene 

Fluorosilicone 
Fluorosilicone 

Nitrile 
Nitrile 

Polyurethane 
Silicone 
Silicone 

Fluorocarbon 
Fluorocarbon 
Fluorocarbon 

 

 
0.18 
0.13 
0.39 
0.92 
0.76 
0.28 
0.25 
3.45 
1.06 
1.29 
0.03 
0.31 
0.09 
0.07 
0.07 

 
 

Table 3.3. Weight loss of compounds in vacuum after Hannifin (2001). 

To test the functionality of O-rings, a helium leak detector (quadrupole mass spectrometer) 
was used. At first, helium was flushed onto flanges, connectors, and valves on the outside of 
the MASC. The performance of O-rings was tested when MASC was at different 
temperatures. The current of helium ions produced in the leak detector is proportional to the 
partial pressure of helium in the installation, i.e., the leak rate. 

Leak tests were performed on the EPDM and FKM O-rings under vacuum conditions (~ 10-5 
mbar) at different temperatures. FKM O-rings, which are commonly used as high vacuum 
seals, showed leaks between T = 0 °C and -40 °C. The leaking was so marked that the 
pressure gauge increased by several orders of magnitude and the door clamps were found to 
be completely loose after cooling to -40 °C. Subsequent testing established that, as predicted, 
FKM is not suitable for low temperature sealing applications and therefore EPDM was the 
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best solution. However, the potential drawback in using EPDM rings, as discussed above, 
may lie in the amount of outgassing. EPDM rings are typically sulphur cured, i.e. they are 
cross linked using sulphur. The presence of this element is not compatible with the 
cleanliness levels required for the MASC. An alternative type of EPDM (Hydrogen peroxide, 
H2O2) is produced for ultraclean conditions demanded by the pharmaceutical/food industry. 
Therefore, this type of the EPDM O-rings was chosen for the MASC because of their 
resistance to low temperature (down to -40 °C) in combination with their compatibility 
towards clean application in pharmaceutical/food industry.  

3.6  The design, layout and operation of the cooling and heating system 
 

The thermal control of the different sections of MASC involves a combination of methods 
that are unique in chamber design. Here we explain the three separate cooling/heating circuits 
that provide thermal control to: 1) Flanges, 2) Cooling screen and mounting plates, 3) The 
cooling circuits for instrumentation, which in the case of the RLS instrument includes a 
cooling circuit dedicated to the CCD. 

When designing the heating-cooling systems we had to take the following fundamental 
factors into consideration: 

a) In each heating/cooling circuit, the correct selection of the cooling/heating transfer 
medium is of crucial importance for the safe and reliable operation of different parts 
of MASC. In addition to having an adverse effect on the vacuum, any fluid leak inside 
the MASC could potentially cause catastrophic damage to the 
components/instruments inside the chamber. Consequently the cooling medium with 
potential access to the inside of the chamber must be inert. 

b) Different parts of the chamber and the analytical instrumentation have different 
requirements for heating/cooling rate. One crucial aspect to consider is that the RLS 
instrument and optical fibres must not be damaged by high thermal stresses, hence 
well controlled temperature changes are required. 

  

3.6.1  Cooling/heating of the flanges 
 
To cool/heat the flanges, a Lauda XT-150 cooling machine is used. This is considered a 
simple, safe and reliable machine, with an accuracy of ± 0.05 °C (Fig. 3.7). The power 
outputs of the Lauda at 20 and -40 °C are 1.50 and 0.06 kW respectively, which are sufficient 
for the heating/cooling of MASC when operated between -30 and +10 °C.  
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Figure 3.7. View of the bottom of MASC, connected to; a) Lauda cooling machine, via b) relevant channels 
and pipes. 

The Lauda cooling machine uses silicone oil as the cooling medium for low temperature 
applications. Silicone oil (polydimethylsiloxane) has the chemical formula (C2H6OSi) n. 

The most important properties of silicone oil that led us to its choice as the cooling medium 
are listed in Table 3.4 and shown in Figs 3.8 and 3.9. 

 

Colour  Colourless 
Viscosity, kinematic at 20 °C 3 mm²/s 

Density at 20 °C 894 kg/m³ 
Flash point  > 62 °C 
Fire point  > 110 °C 

Boiling point  ≥ 200 °C 

Water solubility  insoluble 

Solvent  Petrol, Acetone, Alcohols 

 

Table 3.4. Important properties of silicone oil. 

The changes in density (~ 18%), viscosity (~ factor 10), volume (~ 18%) and specific heat 
capacity (~ 15%) of silicone with temperature are such that effective heat transfer is 
accomplished between -60 to 80 °C (Figs. 3.7 and 3.8). 

a 

b 
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Figure 3.8. Variation of the density and viscosity of silicone oil over the temperature range -60 to +100 °C.  See 
online Lauda manual for details.  
http://www.lauda.de/hosting/lauda/website_de.nsf/urlnames/kryo60_produkte 

 

 

Figure 3.9. Variation of the heat capacity and volume change of silicone oil between temperatures -60 to 100 
°C. See online Lauda manual for details.  
http://www.lauda.de/hosting/lauda/website_de.nsf/urlnames/kryo60_produkte. 

In the MASC, temperature regulated silicone is pumped from the Lauda via cooling 
channels to the two main flanges and runs back to the cooling machine where the cycle 
restarts (Fig. 3.10). Silicone oil is used directly as a cooling medium only inside the flanges 
because the flanges are considered leak-proof. The system can only leak to the outside of 
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the chamber at the entrance and the exit of channels. Hence silicone oil can never leak into 
the chamber and cause contamination. 

 

 

Figure 3.10. Sketch of the Mars atmosphere simulation chamber (MASC) a) Lauda cooling machine, b) heat 
exchanger type HE, c) pump used to circulate Freon. 

3.6.2  Cooling/heating of the cooling screen and mounting plate  
 

The cooling screen (pillow plate) and mounting plates, upon which experiments are 
performed or instruments tested, need to be temperature controlled between +10 and -30 °C. 
Due to their position inside the MASC it is possible that these parts of the cooling system 
could leak, resulting in the cooling medium entering the chamber interior. This would cause 
catastrophic contamination of the chamber interior and any instrumentation within, 
particularly devastating for RLS instrument optics. Hence, an innovative cooling design was 
needed that allowed use of an inert cooling medium within the cooling screen (pillow plate) 
and mounting plates inside the chamber.  

The basic principle adopted was to use a cooling medium in a secondary closed system in 
thermal contact through heat exchanges with the primary silicone cooling system driven by 
the Lauda. For practical operation and to achieve the greatest flexibility, three secondary 
circuits where manufactured each with a dedicated pump and heat exchanger.   

The choice of the secondary cooling fluid is a vital part of the performance of MASC. The 
fluid must have a working temperature between -40 and +20 °C and have good cooling 
properties; i.e., high specific heat capacity and thermal conductivity. Initially ethanol, with 
high a specific heat capacity (2.460 J/kg.K) was considered as a good cooling medium (e.g., 
Atkins, 2010). However, ethanol is highly flammable and considered too dangerous for 
operation in a system where heating experiments and lasers are in routine use. An ethanol-

b 

a 

c 
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water solution that contains between 10% and 96% (alcohol by volume) will catch fire if 
heated to about 49 and 17 °C respectively. Therefore, we selected cooling medium 134a, 
Freon, which is nontoxic and inflammable.  

Temperature (°C)  Density (kg/m3) 
Specific heat 
capacity (103 J/kg.K) 

Thermal conductivity 
(W/mK) 

-40 1519 0.885 0.069 

-30 1490 0.896 0.069 

-20 1461 0.907 0.071 

-10 1429 0.920 0.073 

0 1397 0.935 0.073 

10 1364 0.950 0.073 
 

Table 3.5. The variation of density, heat capacity and thermal conductivity of Freon with temperature. 

The chemical composition of Freon is C2Cl3F3. The physical properties of Freon, the 
variations of density, heat capacity and thermal conductivity with temperature can be found 
in Table 3.5. Freon comprises several different chlorofluorocarbons (CFCs), which are a 
group of aliphatic organic compounds containing the elements carbon and fluorine and in 
many cases other halogens (especially chlorine) and hydrogen.   

The thermodynamic and physical properties of Freon coupled with its low toxicity make it an 
efficient and safe cooling medium. In our new design Freon, as a liquid phase (under ~ 6 bars 
at room temperature) moves through the cooling pipes, two mounting plates and cooling 
screen. The system is filled to 90% of the volume to withstand the expansion of the fluid 
when the temperature is raised. Based on the different volume of the cooling systems, 120.47 
and 114.24 g of Freon were added to the two mounting plates and 433.3 g of Freon to the 
cooling screen. 

Heat exchangers transfer heat from one substance to another. Usually, but not always, the two 
substances are separated by a wall. In our design, the selected heat-exchanger (type HE 0.5 
from Danffos) consists of a large outer tube with a small inner tube. Heat is transferred by a 
counter flow principle. Heat exchangers can function with fluid/fluid, fluid/gas or gas/gas 
systems. Our design is fluid/fluid. The silicone oil flows through the outerwall and the 134a 
cooling liquid flows though the inner tube of the heat changer. We utilised the smallest 
available heat exchanger (HE 0.5), which is 178 mm in length and weighs 0.3 kg. The 
cooling capacity of the HE 0.5 type is ~ 0.33 and 4 kW at -40 and +20 °C respectively. The 
heat exchanger has a working range between -60 and +120 °C and is designed to withstand a 
maximum pressure of 28 bars, well above our operational requirements. This type of heat 
exchanger is safe, cheap and based on the mentioned technical data is an appropriate 
component for our design.  



102 
 

In total three pumps from the Micro Pump company are utilised to control the flow of Freon 
in the separate cooling circuits. They are adapted for the use of Freon over the temperature 
range of -46 to +177 °C. Two pumps with flow capacities of up to 380 ml/min circulate 
Freon from heat exchangers to mounting plates. As the cooling screen has the largest volume and is mounted at the highest level, a pump with a higher capacity (930 ml/min) 
was selected to control the cooling screen.  

3.6.3  Cooling the CCD of the RLS instrument 
 

As discussed in detail in chapter two, the background noise of a CCD chip can be highly 
temperature dependant (Denson et al., 2007). To maintain the best possible signal/noise ratio, 
the CCD should be operated below room temperature and effectively at as low temperature as 
possible (< -30 °C). Due to the operational requirements of MASC (+10 and -30 °C) the 
chamber needed to be above room temperature for certain experiments. Hence, it proved 
impractical to integrate a CCD cooling system into the main MASC cooling system. 
Consequently, any instrument that incorporates a CCD chip and is to be tested in MASC 
requires a separate cooling circuit. A water cooling machine is insufficient to decrease the 
CCD temperature to -30 °C. Therefore, to keep the CCD cooled during Raman and LIBS 
experiments performed at variable temperatures (+10 to -30 °C), a Peltier was mounted onto 
the CCD, which in turn is cooled by an Etscheid water cooler (Fig. 3.11).  

 

Figure 3.11. The view of the inside of a door showing the CCD cooling system: a) the Peltier, b) the copper 
cooling block, c) flexible copper braid thermal strap connected to CCD. 

A braided Cu thermal strap (approximately 25 mm wide and ~ 5 mm thick) connects the 
Peltier to a copper cooling block (Fig. 3.11). In MASC, the hollow cooling block is mounted 
to one of the small flanges on the chamber’s door and thereby connected to an Etscheid water 
cooler with the cooling capacity of  750 kcal/h at 15 °C. At lower temperatures the cooling 
capacity is about 3% per °C. This cooler is located directly under the chamber to make the 
cooling pipes as short as possible to avoid unnecessary heat exchange. 

Designing and maintaining efficient thermal contacts proved to be a major challenge in 
producing effective cooling of the CCD. Initial designs resulted in significant thermal 

a 

b 

c 
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gradients across connections and flanges. Thermal contacts were improved by making better 
physical contacts and the application of thermal paste. In addition, the cooling strap was 
insulated with stretched polyethylene terephthalate (PET) foil. However, we established that 
heat radiation and conduction to the cooling strap and CCD derived from an ambient N2 

atmosphere introduces so much energy that, even with the Peltier in operation, a minimum 
temperature of only 0 °C could be achieved. Further experimentation was performed under 
vacuum conditions. N2 was initially flushed through the MASC to remove water vapour and 
then the system evacuated. After initial cooling of the CCD with the Etscheid water cooler 
(set at 5 °C), with the Peltier, the CCD temperature reached -30 °C within 1 hour.  

Tests were performed to assess the minimum operational temperature of the CCD, under 
vacuum condition (4 x 10-5 mbar) and 8 mbar of CO2. When MASC temperatures were +8, -8 
and -35 °C, the minimum CCD temperatures achieved under vacuum condition, were -31.4, -
35.7 and -41.2 °C respectively. In contrast, in the presence of CO2, the minimum CCD 
temperatures were -17.4, -25.1 and -34.3 °C. The temperature of the CCD as a function of 
time, when MASC was operated at different temperatures, is reported in Table 3.6. 
Irrespective of the MASC operating temperature, the CCD always reaches a temperature 
below -30 °C under vacuum conditions.  In contrast, under CO2 condition with the MASC 
operation temperature at +8 and -8 °C, the CCD reached temperatures of -17.4 and -25.1 °C 
respectively. The increased thermal noise associated with the increased temperature may 
potentially obscure some weak peaks in Raman spectra. We will discuss the effect of 
temperature on the CCD performance in chapters four, five and six. Clearly on the longer 
term the CCD cooling design needs to be improved further to achieve efficient cooling in the 
presence of an atmosphere. 

 
 
 
Time 
(min) 

 
CCD temperature 

MASC T: 8 °C MASC T: -8 °C MASC T: -35 °C 
pressure 
4x10-5 
mbar 

pressure 8 
mbar CO2 

 

 pressure 
4x10-5 
mbar 

 pressure 8 
mbar CO2 

 

pressure 
4x10-5 
mbar 
 

 pressure 8 
mbar CO2 

 

0 
15 
30 
45 
60 
75 
90 
105 
120 

 13.6 
   0.5 
-09.5 
-20.4 
-25.7 
-28.9 
-30.4 
-31.0 
-31.4 

13.6 
  5.7 
-0.41 
-06.7 
-08.7 
-13.0 
-15.6 
-16.3 
-17.4 

   8.1 
  -3.1 
-14.8 
-22.1 
-29.1 
-32.3 
-34.7 
-35.7 
-35.7 

   1.3 
  -4.3 
-12.1 
-16.2 
-21.0 
-23.5 
-24.8 
-25.1 
-25.1 

  -3.1 
-14.2 
-21.8 
-29.8 
-35.8 
-39.8 
-40.7 
-41.2 
-41.2 

  -8.2 
-16.1 
-21.6 
-27.1 
-31.0 
-32.6 
-34.0 
-34.2 
-34.3 

 

Table 3.6. Temperature of the CCD as a function of time at 4 x 10-5 (vacuum) and 8 mbar CO2 pressure, when 
MASC was operated at 8, -8 and -35 °C. 
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3.7  Control of the carbon dioxide (CO2) in MASC 
 

Simulated Martian conditions (100% CO2) are achieved with an atmosphere gas control 
system. This system is designed to operate in two modes: static or continuous flow. In static 
mode the atmospheric conditions are simulated by a single gas filling of the chamber. In this 
mode we considered that outgassing of the chamber and samples limits the functional time 
period over which Martian conditions can be maintained to about 1 hour, after which the 
Mars atmospheric water content 0.03% is exceeded. In contrast under continuous flow 
conditions, CO2 continually flows into the chamber and there is minimal build-up of degassed 
species during the experiments (< 0.01%). Due to the variable pumping speed capabilities of 
the diaphragm pump, it can serve as a CO2 pressure regulator during operation of the 
chamber in continuous flow mode (DP 1 in Fig. 3.12). In the pressure range 4-12 mbar the 
accuracy of the pump is typically ± 0.02 mbar. 

A summary of the process design chosen to simulate Mars condition in MASC is presented in 
Fig. 3.12. In this scheme, the CO2 gas is delivered from a bottle (quality 2.7 and purity 
99.7%). A major design requirement is to maintain low levels of H2O and two approaches are 
used. First, a parallel arrangement of Nafion tubes cleans the CO2 gas of water (DRY-CO2). 
This method of water removal uses a dry helium flow around the permeable Nafion tube to 
flush away the water that is transported across the membrane wall. Second, water can be 
flushed from the CO2 and He supply lines prior to start up with He or N2 using valve V6. A 
particle filter of 0.5 m mesh is mounted in the CO2 feeding line to prevent deposition of 
solid particles in the tank volume. A needle valve controls the required CO2 refreshment rate 
between 10 and 200 ml/min (V-Meter). Flow is measured using a floating ball flow meter 
(FLOW-CO2). Pressure measurements are performed with a Penning gauge (P2; 10-7 < p < 
10-3 mbar) and a Pirani gauge (P3; 10-3 < p < 103 mbar). Air pressurized valves V1, V2 and 
V3 are used for switching between CO2 flow and vacuum operation. Valve V4 can be used 
for connection of a helium leak tester to the chamber to allow leak testing of the system (Fig. 
3.12). It is important to mention that our design is capable of handling any gas mixing so that 
any planetary atmosphere can be mimicked. Equally should it be considered, a true Martian 
atmosphere can be established by mixing gases before they enter the chamber, e.g., 1.6 % Ar, 
2.7% N2, 0.13% O2. 
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Figure 3.12. Process scheme of the vacuum system of MASC. 

 

3.8  Temperature monitoring in the MASC  
 

Dallas temperature sensors (type DS18B20) are used to monitor the temperature behaviour as 
a function of time within the chamber (Fig. 3.3). The main reason to use this type of sensor is 
that it is based on a 1-wire protocol (Dallas Semiconductor). Two pins on a vacuum 
connector are needed. Sensors (22 in total) are mounted in a chain and have a unique serial 
address. With a small electronic interface that connects the sensors to a computer, it is simple 
to collect temperature data throughout the chamber. 

The temperature sensors are mounted in good thermal contact with the system components. 
Epoxy glue (Loktite, type: Hysol C1), which is vacuum compatible, is used to connect the 
sensors to stainless steel surfaces. Sensors are located throughout the chamber, the flanges, 
the sample holder and instrument support structure in order to have a detailed overview of the 
temperature throughout the MASC. It should be consider that the atmosphere in the chamber 
is dilute, so thermal coupling of the sensor to the CO2 gas by conduction and convection is 
weak. Furthermore, radiation from the walls, flanges and cooling plate can also potentially 
affect the CO2 gas temperature sensor and it could be a major problem with the measuring of 
CO2 temperature. Future development work is needed to install a gas temperature sensor 
dedicated to measuring the ambient CO2 temperature in the chamber. 
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3.9  Temperature validation inside the MASC 
 

To determine the temperature response of samples as a function of time, a series of cooling 
experiments was performed in the MASC. A representative low temperature experiment 
under Mars atmospheric conditions inside MASC consists of five stages: (1) reshaping 
samples as tablets and placing them in the sample tray, (2) producing appropriate vacuum 
inside the MASC (4 x 10-5 mbar), (3) pumping 8 mbar of CO2 into the MASC, (4) setting the 
Lauda cooling machine to -35 °C (5) recording the temperature data from the temperature 
sensors. Setting the Lauda cooling machine to temperature lower than -35 °C does not 
decrease further the temperature of the chamber, due to the limited cooling capacity of the 
system and to heat loss in different areas of the cooling system. 

The starting temperature was typically 20 °C. Consequently, the Lauda temperature controller 
was programmed first to cool down MASC and consequently the RLS instrument and 
samples to 0 °C at a rate of 0.2 °C/min. This slow rate of cooling is needed to avoid 
unnecessary thermal stress on the spectrometer and optical fibres. For the next stage the 
Lauda was set to -35 °C. To protect the RLS instrument from thermal shocks, the cooling rate 
is set at 0.1 °C/min. The results of the above cooling process are reported in Fig. 3.13. A 
stable temperature distribution is reached after about 27 hours. 

 

Figure 3.13. The temperature profiles inside MASC over a 44-hour period. Lauda set point was at -35 °C, while 
the actual Lauda temperature only achieved -30 °C. Temperature sensors are named after their position within 
the chamber. (L = left, R = right, B = bottom position, CS = Cooling Screen, CP = Cooling Plate, D = Door). 
Sensors are installed on the LBCS where the cooling fluid enters (start), and exits (end), LB of mid chamber, 
LCP front, LCP rear, RD centre, LD centre and sample tray. 

The rear LCP sensor is directly cooled by the Freon cooling pipe and consequently records 
the lowest temperature ~ -27 °C inside the MASC. However, due to the open structure of the 
3D liner stages, there is weak thermal conductivity between the cooling plate and sample 
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tray. Additional thermal straps were added to the initial design but currently thermal 
conduction is insufficient to reduce the sample tray to below ~ -23 °C. The end doors/flanges 
are not insulated from ambient conditions. Therefore, the two temperature sensors installed 
on the two main MASC doors (RD and LD) do not reach negative temperatures; +12 and 10 
°C respectively. LB mid-chamber sensor (Fig. 3.3, sensor number 7) is located outside the 
cooling screen and is only indirectly cooled by the cooling screen. The position of this sensor 
is also close to the left door which is why the LB mid-chamber sensor cannot reach 
temperatures lower than -10 °C.  

The data summarised in Fig. 3.13 clearly demonstrate the temperature difference between the 
entrance and exit of the cooling liquid to the cooling screen is ~ one degree difference. 
Moreover, the chamber reaches thermal equilibrium within ~ 27 hours since we started to 
decrease the temperature and hence is a practical system in which to undertake experiments. 
A weak point in the current design is that the sample tray does not reach a temperature lower 
than ~ -23 °C. As a consequence, in the next chapters, the effect of temperature on the 
structure of minerals and their Raman spectra will be studied in the range ~ -20 to +10 °C, 
although the temperature inside the ExoMars rover could be potentially as low as -30 °C. 
Further assessment of ways to improve the thermal conduction to the sample tray is required 
or the addition of greater cooling power (> 0.06 kW).  

3.10  Design of a sample holder with 3D linear stages 
 

Once the manufacturing of the MASC was completed and the vacuum and temperature 
control systems calibrated, analyses could be performed under Martian conditions. To ensure 
efficient use of the system, multiple samples should be placed in the chamber to avoid 
breaking vacuum between analyses. An automatic sample transport system was therefore 
designed (Fig. 3.14). This requires an XYZ sample translation stage that operates at low 
vacuum and variable temperature. An XYZ stage was manufactured from three linear stages 
obtained from the Physik Instrument (PI), Karlsruhe Germany. Three different components 
were combined: M-403 (maximum travel range of 100 mm), M111 (maximum travel range of 
15 mm) and M112 (max. travel range 25 mm). These 3 linear positioning stages can carry up 
to 20 kg and push/pull up to 50 N. They have an accuracy of about ±0.1 mm. For our 
experiments, a sample tray is mechanically connected to the upper linear stages.  
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Figure 3.14. Picture of the optical head and a) the XYZ sample translation stage, installed on b) the cooling/ 
mounting plate inside the chamber. 

The sample tray carries 10 samples of 10 mm diameter that are maintained 3 mm apart to 
prevent potential cross sample contamination from LIBS plasma (Fig. 3.15). The sample tray 
is made of aluminium with a black anodized coating to reduce potential light reflections. 
Anodizing is an electrolytic process that increases the thickness of the natural oxide layer on 
the surface of their metal parts. Anodizing also decreases chemical reactions with the metal’s 
surroundings and so reduces potential outgassing after exposure to air.  

 

Figure 3.15. The design of the sample tray that carries 10 samples. 

b 
a 
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The computer controlled transport system can operate in two modes. First, it is possible to 
enter absolute positions manually for each of the 3 stages. However, for ease of use a second 
option is used where macros have been defined in the software with pre-defined positions. A 
series of macros have been programmed that make it possible to organize position and timing 
in a set of commands. For example the macro ‘Go home’ moves the samples try to a defined 
zero position (0, 0). The centre positions of the samples have also been configured. It is also 
possible to define a number of positions within the area of each specific sample. The initial 
version of this program is able to move to 5 positions on each sample.  

The Physik Instrument linear stages were only guaranteed to operate at their highest precision 
at temperatures down to 0 °C. Consequently a series of tests were carried out to evaluate the 
minimum temperature under which the XYZ stage would function in the MASC. To follow 
realistic experimental conditions, the 10 sample cups were filled with different types of 
mineral and placed on top of XYZ sample translation stage. All three linear stages were 
shown to function at 0, -5 and -20 °C. However, at the sub zero temperatures the stages do 
not reach normal operation velocities (1.5 mm/s). This is probably due to thermal contraction 
of the components of the stages at low temperature. However, following a series of detailed 
experiments we established that the system would function at lower velocities even at ~ -30 
°C by using lower motor velocities. We found that 0.5 mm/s produced optimal results at low 
temperature and now is the default setting for all experimental runs. 

 

3.11  Conclusion and future applications 
 

The recently developed MASC at Vrije University in Amsterdam reaches most of our initial 
design goals.  Specifically, it produces low pressure and low temperature that can simulate 
Martian environmental conditions. The operational temperature range inside the MASC is 10 
to -30 °C and the pressure range is from atmospheric pressure to 10-5 mbar and practically 
any gas mixture can be used to simulate planetary atmospheric composition. The unique 
design of MASC, large volume (200 l) and separate cooling circuit with stable low 
temperature, allows detailed in situ characterization of space instruments and samples under 
simulated planetary atmospheres. For the specific goals of this thesis, we are planning to 
obtain a set of Raman spectra from minerals under Martian conditions. At sample level, the 
temperature can be varied between ~ +10 to -22 °C. Operation at lower temperature is viable 
but needs increasing cooling power. Colleagues will use the system to study LIBS under 
similar conditions. 

It should be stressed that the rationale of the control and operation of MASC (including the 
vacuum system, O-rings vacuum compatible, cooling-pumping system, CO2 gas supply, and 
sample holder with XYZ stages) is designed for operation of the RLS instrument and other 
space instruments. Moreover, the MASC is not restricted to simulations of the Martian 
environment but can be used for a whole range of experiments that require a controlled 
atmospheric composition and temperature.  
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