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     Introduction: Thermal conductivity and specific 
heat are key elements in geophysical modeling of 
planetary objects.  Due to a lack of experimental 
measurements, earlier models have been forced to use 
the published data for ordinary ice Ih. Spectral 
information from the recent Galileo mission to Jupiter 
and Cassini mission to Saturn suggest that the surfaces 
of icy satellites contain impure ice compositions. Of 
particular interest are Mg and Na hydrated salts or 
hydrated sulfuric acid, indicated from IR spectroscopy 
on Europa [1], and ammonia hydrates that are 
expected on Titan and some other icy satellites [2]. 
Contaminants such as these may depress the melting 
point of an icy composition and also cause a change in 
the temperature dependence of thermal conductivity 
and specific heat. 

     Methods: Sample Preparation. 
Concentrations of 3.8wt%, 14wt% and 28wt% by of 
MgSO4 and NaCl are mixed into water that has been 
boiled for 5 minutes. A small sample of the liquid salt-
water mixture is set aside for specific heat 
measurements. To prepare a sample for the thermal 
conductivity measurement, the remaining salt-water 
mixture is poured directly into plastic zip lock bags 
and placed in a -80 C freezer until frozen. The desired 
frozen hydrated salt mixture is removed from the -80 
C freezer and brought to the walk-in cold room where 
it is ground and sieved to produce a granular sample 
containing grain sizes within the range of 150-300 
microns.  Once approximately 200 mL of the sample 
is prepared, it is pressed using a hot-pressing technique 
that results in a sample that contains no pore spaces or 
entrapped gases.  The sample produced is 1” in 
diameter and 1-2” in height.  The sample is then cut to 
a height of 0.25” and inserted into the pre-cooled 
thermal conductivity apparatus for measurement. 

Thermal Conductivity Measurements. We have 
developed and tested a versatile cryogenic thermos-
mechanical facility for measuring thermal 
conductivity using the longitudinal steady-state (LSS) 
method with stress along the direction of heat flow. 
Figure 1 shows the experimental insert used in the 
thermal conductivity measurements. This insert is 
thermally anchored to a cold finger that extends down 
into a large liquid nitrogen dewar. The 0.25” 
cylindrical sample is sandwiched between two copper 
platens and all three sit inside a colder thermal shield. 
Because an ice sample is in a solid-vapor equilibrium 
state at any temperature and the insert is not in 
vacuum, closed-cell foam insulators [3] made of  

 
Rohacell 51 are used to reduce the heat transport not 
only between the sample, platens, and the shield, but 
also between the platens when the sample radius is 
smaller than the platen radius. A uniaxial load is 
applied vertically to the top platen with a Macor 
ceramic rod to ensure good thermal contact between 
the sample and the copper platens. 

When the top platen, Ttop, temperature is changed 
by a known amount, DTtop, part of this heat will go to 
the shield via a cold link and part will go through the 
sample to reach the bottom platen. Since Tbot is 
unchanged, its regulating heat will have to respond to 
the temperature change. As Tbot and Tshield are kept 
constant during this change in Ttop, the heat flow via 
the bottom cold link is unchanged.  Thus, the change 
in heat required at the bottom platen due to DTtop is the 
heat flow through the sample. Here we assume that the 
copper has infinite thermal conductivity and the 
thermal resistance at the contact point between the 
copper platens and the sample is negligible. 
Measurements are conducted over the range of 90-
230K in 10K increments and data taken every 3 
seconds. 
 

     Specific Heat Measurements. Measurements are 
conducted using a Setaram BT 2.15 Calorimeter 
(Figure 2) over a range of 120-320K at a rate of 
0.25K/min with data taken every 12.6 seconds. 

 

Figure 1. The insert for thermal conductivity 
measurements using the LSS method.  On the left is the 
one-to-one 3D model design and on the right is the actual 
apparatus. 
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Specific heat is derived from sample heat flow and 
mass and fitted with the Shomate expression. 
 

  
     Discussion: Thermal Conductivity. Preliminary 
measurements have been taken for water ice and salt 
hydrate mixtures thus far with a full range of 
measurements expected in the coming months. Initial 
round of testing on eutectic mixtures of NaCl + H2O 
and MgSO4 + H2O are shown in Figure 3. 

     Specific Heat. Preliminary measurements have 
been taken for MgSO4•7H2O and NaCl using the 
Setaram BT 2.15 Calorimeter at JPL over 
temperatures ranging between 100-320K (Figure 4). 
Additional measurements are expected in the coming 
months of hydrated salt concentrations of 4wt%, 
14wt% and 28wt% of MgSO4+H2O and NaCl+H2O. 
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Figure 3. Water ice measurements were conducted and 
appear to match previously published values. Two 
hydrated salt mixtures of 22w% NaCl + H2O and 17w% 
MgSO4 + H2O were measured.  

 
Figure 2. The Setaram BT 2.15 Calorimeter used to 
measure specific heat of salt hydrate samples of 
varying composition. 

 
Figure 4. Specific heat measurements of 
MgSO4•7H2O and NaCl made using the Setaram BT 
2.15 Calorimeter at JPL. 
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