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Thermal Conductivity of Compressible Specimens —
Influence of Particle Size and Density

Dr. Martin Brunner, Martin Hager and Dr. André Lindemann

Introduction

Due to the special structure of powder materials, e.g.,
CNT powders, their thermophysical properties are
dependent not only on temperature but also on pres-
sure. NETZSCH therefore developed a special pressure
sample holder which allows calibrated pressures up to
15 MPa and measurements to 300°C. The sample is mea-
sured between two metal plates. The measurement is
evaluated using the 3-layer model which is integrated
into the software
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Carbon tubes (CNT) feature unique electronic and
mechanical properties along with an unusually high
thermal conductivity. Knowledge of the thermal diffusiv-
ity and thermal conductivity are crucial thermophysical
parameters when using CNT polymer/CNT nanocompos-
ites. Figure 1 clearly shows the dependency of the density
on the thermal diffusivity. For improved measurement
conditions for such materials but also for fibers, a special
sample holder was developed for Laser Flash Analyses
(LFA).
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. CNT pwoder with different particle sizes, measured in the pressure sample holder
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Pressure Sample Holder

The pressure sample holder (figure 2) was designed to
be able to investigate samples in powder form. Two alu-
minum disks and a pressure screw allow for compression
of the sample holder to be investigated. In the follow-
ing, different measurements are shown as a function of
temperature. The maximum measurement time and the
influence of the sample holder will be discussed.

2 The new pressure sample holder
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General Data:

= Volume, maximum: 0.5 ml
= Torque range: atleast 0.6 Nm

Preparation of the Sample Holder:

1. Coating of the aluminum disks with graphite on the
outside

2. Insertion of an aluminum disk in the sample holder

3. Filling of the sample with powder and insertion of a
second aluminum disk

4. Application of a torque of at least 0.6 Nm onto the
pressure screw by means of a torque

5. Determination of the sample thickness by means of
an outside micrometer (Attention: graphite layer!)

Measurements of the thermal diffusivity yield the follow-

ing results (figure 3 as well as the detector signal in fig-
ure 4).
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Due to missing reference materials in powder form, solid
sample were additionally investigated. Vespel with low
thermal diffusivity (2.0 mm thickness) can be measured
at the usual measurement time (10 half times) with +
5% compared to the literature value (0.249 mm?/s). The
influence of the measurement time on the measurement
error is shown in table 1.

Sample Set-up:

= Measurements 1 to 5: standard model, only consider-
ation of the sample without aluminum disks for inves-
tigation of the influence of the sample holder. Total
thickness: 2 mm

= Measurements 6 to 8: 3-layser system, aluminum disks
were considered including thickness and thermo-
physical properties: Total thickness: 4 mm

Measurement Results and their Assessment

Measurement 1 to 5 (table 1) show that samples with
low thermal diffusivity (Vespel) can be measured at 25°C

within a tolerance of + 5% compared to literature val-
ues (Vespel at 25°C: 0.249 mm?/s). The deviations at a
measurement time of 5 half times are lower which can
probably be related to external heat flows via the sample
holder.

It can be assumed that powder samples up to a maxi-
mum thickness of 1 mm can be measured. For thicker
samples, the signal-to-noise ratio gets worse and it is not
possible to generate reliable measurement values. With
regard to temperature-dependent results of the graph-
ite powder, this tolerance is within = 10% compared to
literature value.

The very high deviations (measurements 7 to 8) are due
to the influence of the thermal contact resistance. For
this reason, additional measurements of the contact
resistance were carried out and taken into consideration
for the evaluation.

Tab. 1 |nfluence of the measurement time of a material with low thermal diffusivity

Measurement Measurement time
# Model

Measured value/ Measured value/mm?/s Deviation/% Deviation/%

time absolut/ms mm?/s (5 half times) (5 half times)
1 10 half times 23000 Standard 0.237 0.251 -4.8 0.8
2 20 half times 49000 Standard 0.235 0.251 -5.6 0.8
3 30 half times 70000 Standard 0.231 0.254 -7.2 2.0
4 40 half times 93000 Standard 0.237 0.243 -4.8 -2.4
Long data
5 - 83000 Standard 0.237 0.254 -4.8 2.0
acquisition
6 10 half times 25000 3-layer 0.161 >20
3-layer
7 10 halttimes 30000 (graphite 0.191 -20
glued)
8 10 half times 30000 3-layer (WLP) 0.214 -14.1
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Consideration of the Contact Resistance

Measurements #6 to #8 in table 1 do not consider con-
tact resistances. Thus, the deviations in the calculated
thermal diffusivities are correspondingly high. In case of

#6, additional measurements of the contact resistance
were carried out. By taking the contact resistance into
account, the deviation is reduced to approximately 11%
by using two metal disks without thermal conductivity
paste, as demonstrated by the following calculation:

Agem=0Q-C - p= (mm?-s")-1.073 (0 -g'-K')-142(g-cm?3)=0.245 (W-m'-K")

gem

d d
o = 2-R +
gem )\Rea\
0.002 m
}\Rea\ =
0.002m
-2-171.4891506 - 105 (m?- K- W)
0.245 (W -m™'- K"
Ay = 0.423 (W-m - K)
Ay 0.423(W-m'.K)
= =1.11
A 0,379 (W-m™- K"

Lit

To assess the heat flow via the sample holder, measure-
ments without a sample were carried out (figure 5). A
detector signal as close as possible to the zero line is
expected in order to exclude heat flows through the
sample holder wall. The sharp increase at the begin-
ning (peak) can probably be explained by the heat trans-
fer through the air layer. Measurements under vacuum
could provide information on this. Above 10000 ms,
another maximum can be recognized. In the further
course up to 40000 ms, a slight decrease to the 0 line can
be seen. This indicates slight external heat flows through
the sample holder. Taking the Vespel measurement with
higher deviations above a measurement time of 1000
ms into account, the recommendation can be derived to
select the layer thickness of powder samples in such a
way that the measurement time (10 half times) does not
exceed a value of 1000 ms. If this is not possible, the time
for the calculation (set range for calculation) must be set
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to max. 10000 ms. Above 10000 ms, overlapping of the
external heat flow mentioned is expected, shifting the
signal maximum and thus the half time to higher values
(= lower thermal diffusivity), is expected.

In order to consider the influence of the contact resis-
tance, 2-layer measurements (2 metal plates upon each
other) were carried out. The contact resistance deter-
mined was then used for correction of the thermal con-
ductivity (addition of the thermal resistances). It must be
mentioned that the following contact measurements
were carried out with a changed position of the metal
disks (changed air gap/contact). A measurement uncer-
tainty of 11% was estimated for the pressure sample
holder.

Figure 6 to 12 show the associated detector signals for
the Vespel measurements.
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5 Empty signal of the ressure sample holder; 2 aluminum disks and PEEK spacer under air
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7 Detector signal at a measurement time of 10 x half time
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8 Detector signal at a measurement time of 20 x half time
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10 Detector signal at a maximum measurement time of 80 s
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11 Detector signal at a measurement with 3-layer system
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Summary

For the LFA 467 HT HyperFlash®, a special sample holder
for powder samples is available. This allows for measure-
ments under mechanical pressure and requires a high
degree of sample preparation. Upon careful selection of
the layer thickness and application of the graphite layer,
measurement uncertainties of + 5% will be reached. Test
measurements with reference samples (no powder) in
the sample holder have shown that additional contact
resistances between the metal plates and the sample
can significantly change the result.

7|7  NETZSCH-Geratebau GmbH
WittelsbacherstraBe 42 - 95100 Selb - Germany
Phone: +49 9287/881-0 - Fax: +49 9287/881505
at@netzsch.com - www.netzsch.com

20000 30000 40000

Order Numbers of the Sample Holder

The sample holders can be ordered under the following
order numbers:

6.257.1-91.9.00*
LFA46700B96.020-00*

LFA 467:
LFA 467 HT:

*Recommendation: Measurement time < 10000 ms.
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