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bstract

For decades, flash methods [W.J. Parker, R.J. Jenkins, C.P. Butler, G.L. Abbott, J. Appl. Phys. 32 (1961) 1679–1684] have been well-known for
haracterizing the thermophysical properties such as the thermal diffusivity of solid materials. Fast measurement times, easy sample preparation
nd high accuracy are only some of the advantages of this non-contact, non-destructive measurement technique. Furthermore, the method can
asily be adapted to the analysis of multi-layer samples as long as appropriate mathematical models are employed for the analysis of the detector

urves. Nowadays, characterization of liquids, pastes and melts is becoming increasingly important for industrial applications. Presented in this
ork are principle details regarding newly developed sample holders for such applications. Furthermore, reliability tests (on water and ethylene
lycol) are presented and compared to literature values. Additionally, some application examples on pastes and polymer melts are shown.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Flash methods [1] are generally employed for the measure-
ent of single-layer solid materials. The method can be used

or the analysis of highly conducting materials such as metals
r ceramics as well as low-conducting materials such as poly-
ers. In a laser flash test, the front side of a plan-parallel sample

isk is heated by a short laser pulse. The heat diffuses through
he sample and leads to a temperature rise on the rear side of
he sample. By measuring this temperature rise versus time, the
hermal diffusivity of the sample can be determined. Using a
omparative technique, the specific heat can be determined. By
ultiplying the room temperature bulk density and the measured

hermal diffusivity and specific heat determination of the thermal
onductivity is possible. Fast measurement times, easy sample
reparation, and high accuracy are only some of the advantages
f this non-contact, non-destructive measurement technique. In
he past view years the analysis of liquids and pastes is becoming

ore and more interesting. For example, to optimize the design
f heat exchanger systems, the thermophysical properties of the
iquids used in the system must be known. Another example can

e found in the electronics industry. The thermal conductivity
f a heat transfer paste is one of the crucial parameters for the
ater application of the material. Furthermore, characterization
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f polymers in the liquid range is important for the analysis and
ptimization of the production process.

. Experimental

New container systems were developed allowing flash mea-
urements to be carried out on liquids, pastes and molten
olymers. Depending on the temperature range of interest
nd the thermal conductivity range of the liquids, specific
aterials and designs were developed, optimized and finally

ested. For measurement of liquids and pastes, a new con-
ainer was developed. Presented in Fig. 1 is the principle design
f this new container system. The sample holder system was
esigned either in aluminum (for applications up to 500 ◦C) or
n platinum–rhodium (for applications up to 1600 ◦C). The sys-
em consists of a crucible and a lid with well-defined dimensions.
or low-conductivity liquids, an additional stainless steel ring
not shown in the figure) is employed between the crucible and
id to avoid the heat flow via the container system. During sam-
le preparation, the material (approximately 50 �l) is filled into
he crucible. The lid presses the liquid or paste into a layer with

well-defined thickness of approximately 0.5 mm. The entire
etup is then placed into the standard sample holder of a flash

evice. Prior to the test measurements, the bottom of the cru-
ible and central area of the lid are coated with graphite to ensure
good absorption and emissivity of the surfaces irradiated by

he light source (laser, flash lamp) and visible by the infrared

mailto:j.blumm@ngb.netzsch.com
dx.doi.org/10.1016/j.tca.2006.11.023
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Fig. 1. Sample holder system for liquids and pastes for flash instruments.

etector. Evaluation of the measured detector signals is made
sing a three-layer analysis routine based on the theory of Lee
2]. The specific heat data required for the analysis were mea-
ured using a differential scanning calorimeter [3] or taken from
iterature. The temperature dependence was considered employ-
ng literature data for the thermal expansion. The flash tests were
erformed in two different flash systems, the NETZSCH models
FA 447 NanoFlash and LFA 457 MicroFlash.

. Results and discussion

Presented in Fig. 2 are the results measured on three sep-
rately prepared purified water samples. The tests were done
etween 25 and 50 ◦C. At each temperature, five individual tests
ere carried out to check the repeatability of the measurement

esults. Literature values [4] for the density and specific heat
ere employed for the evaluations. Additionally, literature val-
es (grey area) for the thermal conductivity of water [4,5] are
hown in the plot. It can clearly be seen that the results for the
hermal conductivity are in the typical range for water. Both the
hermal diffusivity and thermal conductivity slightly increase
ith temperature. The differences between the individual results

nd literature values for the thermal conductivity are generally
ess than ±2%.

Presented in Fig. 3 are the results measured on ethylene gly-
ol sample. The results are intercompared with literature values
6] for the thermal conductivity. The uncertainty of the liter-

ture values was assumed to be 3% and is depicted as error
ars in the figure. For the calculations, literature values [6] for
he density and specific heat were employed. It can be seen
hat the deviations between the literature values and the mea-

ig. 2. Thermal diffusivity and thermal conductivity of water measured with the
ew sample holder for liquids and pastes.
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ig. 3. Thermal diffusivity and thermal conductivity of ethylene glycol mea-
ured with the new sample holder for liquids and pastes.

urement results are by far within the uncertainty of the test
ethod (approximately 5%) and the accuracy of the literature

alues. An increasing thermal conductivity versus temperature
as obtained. Similar to the water tests, the thermal diffusivity
ecreases versus temperature. However, the temperature depen-
encies of both properties are weak.

The test results for the water and ethylene glycol samples
roves the high level of reproducibility and accuracy which can
e achieved with the new container systems on liquid materials.
urther tests were carried on an amorphous polymer to check

he reliability of the method on a material undergoing a phase
hange (glass transition) during thermal treatment. Presented
n Fig. 4 are the thermophysical properties (thermal diffusiv-
ty, specific heat and thermal conductivity) of a polycarbonate
ample between room temperature and 300 ◦C. The material
as first heated above the glass transition (up to 200 ◦C). At
00 ◦C, the lid was pressed on the crucible and the polymer melt
as pressed into the required shape. The sample container was

hen cooled down to room temperature and the actual test was

tarted. This procedure ensured a plane-parallel disk between
he aluminum walls of the container and a good thermal contact
etween the container and the sample. As can be seen in Fig. 4,

ig. 4. Thermal diffusivity, specific heat and thermal conductivity of polycar-
onate (PC).
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Fig. 6. Apparent thermal diffusivity and apparent specific heat of a paraffin
mixture.
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mer melts. Furthermore, tests were carried out on industrially
ig. 5. Thermal diffusivity, specific heat and thermal conductivity of a silicon
rease.

he thermal diffusivity decreases from room temperature up to
30 ◦C. Between 130 and 150 ◦C, the glass transition occurs
nd a step is visible in the thermal diffusivity. Above the glass
ransition, only a slight temperature dependence was detected
n the thermal diffusivity. The specific heat (measured by dif-
erential scanning calorimetry) shows a nearly linear increase
ersus temperature with an overlapping step in the glass tran-
ition region. The resulting thermal conductivity continuously
ncreases versus temperature which is a typical behaviour of
morphous materials and liquids.

Presented in Fig. 5 are the thermal diffusivity, specific heat
nd thermal conductivity of a silicone grease. The measurements
ere performed between −40 and 100 ◦C. Silicone greases are
ften used for vacuum applications and for the preparation of
hermal conductivity pastes. In the later application, generally

lot of inorganic powder is added to the silicon grease. In
he actual case, only a small amount of inorganic materials
as added to the grease. This additive is the reason that the
ensity is slightly above the typical range of silicone greases
0.8–1 g/cm3). A density of 1.136 g/cm3 was measured on the
aste at room temperature (24 ◦C). The measured thermal dif-
usivity decreases versus temperature while the specific heat
ncreases. The resulting thermal conductivity increases nearly
inearly over the entire temperature range.

Depicted in Fig. 6 are the thermal diffusivity and specific heat
f a paraffin mixture between −30 and 50 ◦C. These tests were
arried out in the platinum container system. This material shows
broad melting range between 0 and 30 ◦C (mushy or phase

hange region). In the measured apparent specific heat, the melt-
ng process is visible as an overlapping endothermal effect (solid
traight line). The specific heat without the influence of the heat
f fusion was determined by an interpolation process (The values
n the phase change region are determined by a linear interpo-
ation of the results in the fully solid and fully liquid regions.)
herefore, the enthalpy change caused by the phase transition

melting process) can be separated from the specific heat con-

ribution. The measured thermal diffusivity decreases between

30 and 35 ◦C. Above 35 ◦C, the values for the thermal diffu-
ivity are nearly constant. In the melting region, the measured
hermal diffusivity was corrected for the influence of the ongo-
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ig. 7. Thermal conductivity of the paraffin mixture between −30 and 50 ◦C.

ng melting process. The correction is based on tests at different
ell-defined pulse energies at each temperature. Extrapolating

he results to pulse energies of 0 allows calculation of a thermal
iffusivity without the influence of melting/solidification.

Using the thermal diffusivity and the specific heat (without
he overlapped enthalpy change during melting), the thermal
onductivity was calculated. The density change during melting
as also considered. The results of the thermal conductivity are
resented in Fig. 7. As can be seen, the thermal conductivity
ecreases from −30 to 35 ◦C. The decrease gets weaker in the
egion of the phase change. In the fully molten region, nearly
onstant values were obtained for the thermal conductivity.

. Conclusion

New container systems for flash devices for the measure-
ent of liquids, pastes and polymers into the molten region were

eveloped and checked on various well-defined liquids and poly-
elevant pastes and mixtures. The tests have proven the capa-
ility of the new container systems for the determination of the
hermophysical properties of liquids and pastes and therefore,
xtend the capability of flash devices.
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