
APPLICATION NOTE

Thermal expansion (DIL 402 C)1
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Measurement of the Thermophysical Properties of 
Pure Molybdenum

Dr.  André Lindemann

Introduction 

Molybdenum has been available as a specifi c heat stand-
ard from NIST [1] for several decades, although not much 
information is available on the properties such as ther-
mal expansion, thermal diff usivity and thermal conductiv-
ity. According to literature [1, 2, 3, 4], pure molybdenum 
should not show any phase changes up to the melt-
ing point. This is, however, critical because it is sensi-
tive to oxygen at elevated temperatures. Due to the high 
vapor pressure of the molybdenum oxides, the mate-
rial does generally not change properties because of sur-
face oxidation. The formed oxides simply evaporate from 
the surface. All these special properties of molybdenum
make it a reasonable substance for a multi-property 
standard material.

Experimental

Measurement of diff erent thermophysical properties like 
thermal expansion, density change, specifi c heat and 
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thermal diff usivity were carried out on a pure (99.99%) 
molybdenum material. Pushrod dilatometry (DIL) was 
employed for measurement of the thermal expansion and 
determination of the density change. Diff erential scanning 
calorimetry (DSC) was used to measure the specifi c heat. 
The thermal diff usivity was determined using the laser fl ash 
technique (LFA). The test results allow a detailed insight 
into the material’s behavior under thermal treatment and 
it was also possible to determine the thermal conductiv-
ity. A comparison of all test results with available literature 
data was made. 

Tests were carried out on diff erent samples prepared from 
the original block and measured between -125°C and 
1400°C. Therefore, it was possible to evaluate this material 
as a possible candidate for a standard material for diff er-
ent thermophysical properties over a broad temperature 
range.

The pure molybdenum (99.99%) was supplied
by Plansee SE, Reutte, Austria. A large block,  30 mm in 

diameter and 120 mm in length was used 
for the analysis. From the cylinder block, 
diff erent samples were prepared for the 
various test techniques. For each measure-
ment method, two samples were prepared 
and tested two to three times. The thermal 
stability and homogeneity of the material 
were checked and the repeatability of the test 
results was determined.

Test Results

Presented in fi gure 1 are the measured thermal
expansion results for the two diff erent 
molybdenum samples measured twice. Data 
scattering between the samples and the diff er-
ent experiments are generally within ±1.5%. 
Considering the accuracy and repeatability of 
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Volumetric expansion and density change (DIL 402 C and Density Determination  
software)

2

Specifi c heat (DSC 404 Pegasus®)3

the instrument employed, the infl uences of 
surface eff ects and the impact of the evapo-
ration of oxides, scattering of the data is in an 
acceptable range. The results give no indica-
tion of material inhomogeneities or changes 
in the thermal expansion values between the 
diff erent heating runs.

Depicted in fi gure 2 are the volumetric expan-
sion and the density change of molybdenum 
versus temperature. The volumetric expan-
sion was determined from the measured
thermal expansion assuming an isotropic 
behavior of the material and therefore, the 
same expansion behavior in all directions. 
Density calculation was based on the 
volumetric expansion and the room-
temperature bulk density of 10.216 g.cm-3.
The room-temperature bulk density
was determined from the originally 
supplied sample block by measuring
mass and volume.

Figure 3 shows the specifi c heat values 
measured with the diff erential scanning 
calorimeter. Again, both samples were 
measured twice in the low-temperature steel 
furnace (-125°C to 300°C) and in the high-
temperature platinum furnace (300°C to 
1275°C). The deviation between the individ-
ual results was within ±2.0% and therefore 
by far within the stated uncertainty of the 
instrument employed for the tests. The values 
show a strong increase versus temperature 
in the low-temperature range. This behavior 
can be expected according to the well-known 
Debye theory [5]. At high temperatures, the 
values increase nearly linear. This is in perfect 
agreement with the solid state physics (Rule 
of Dulong and Petit, [5]). No overlapping tran-
sition or other thermal eff ects were detected 
within this temperature range, clearly indicat-
ing that no phase change occurs in the mate-
rial between -125°C and 1275°C. This fulfi lls 
the condition as a standard material since no 
structural changes in the temperature range 
of interest occur.
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Thermal diff usivity (LFA 457 MicroFlash®, LFA 427) 4

Thermal conductivity l ( = a(T) . cp(T.  (T 5

Figure 4 shows the measurement results for 
the thermal diff usivity gathered from the dif-
ferent fl ash devices used for the tests. It can 
clearly be seen that the thermal diff usivity 
decreases versus temperature. The decrease 
follows the T-1 behavior below 600°C resulting 
in a nearly linear decrease at higher temper-
atures. Such behavior is typical for predomi-
nately phonon-conducting materials such as 
ceramics or graphite materials. Therefore, it 
might be the case that the electron contri-
bution to the heat transfer is small for this 
metallic material. Scattering of the measure-
ment results from run to run and from sam-
ple to sample and is generally within ±2%. 
Only at 1000°C, slightly higher scattering 
(±3%) was obtained. A possible explanation 
for this might be the evaporation of molyb-
denum oxides in this temperature range 
infl uencing the samples emissivity and there-
fore the absorption of laser light and emis-
sion of infrared light. 

Presented in fi gure 5 are the results of the 
thermal conductivity determined by multi-
plying the measured density, specifi c heat 
and thermal diff usivity. The density data 
below room temperature and the specifi c 
heat above 1275°C were determined by a 
linear extrapolation of the measured data. It 
can clearly be seen, that the thermal conduc-
tivity follows the temperature dependence 
of the thermal diff usivity. A comparison with 
literature values [6] was also made. Assuming 
5% accuracy of the literature values and 3% 
uncertainty of values based on the measure-
ment, the results are in very good agreement. 
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Conclusion

Various thermophysical properties (thermal expansion, 
density change, specifi c heat, thermal diff usivity, thermal
conductivity) were measured on high-purity molyb-
denum. The comparison with literature values indicated 
the quality of the measurement results and the reliability of 
the material. It can be assumed from the tests results that 
pure molybdenum might be a reasonable candidate to be 
used as a standard material up to high temperatures above 
1200°C. It may be used as a calibration standard for various 
thermophysical properties. Further tests at various diff er-
ent laboratories and test institutes would be appreciated 
to prove the capability of the material. 
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