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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The advantage of using DSC for measuring the thermal conductivity of plastics is that with the same
instrument also the specific heat capacity can be obtained. This enables the determination of the
thermal diffusivity by dividing the thermal conductivity by the density and specific heat capacity.

In addition, DSC instruments are widely used and available in almost all test institutes and labs. Hence,
measurements of thermal conductivity can be done without need for procurement of an additional
instrument.

© IS0 2021 - All rights reserved v
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Plastics — Differential scanning calorimetry (DSC) —

Part 8:
Determination of thermal conductivity

1 [Scope

Thif document establishes a method for determination of the thermal conductivity ofselid unfilled and
fillgd or fibre reinforced plastics and composites by means of differential scanning@©alorimetry (DSC).

[t isjapplicable for materials with thermal conductivities of up to 1 W/(m-K).

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conktitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced docunmient (including any amendmengs) applies.

1SO|291, Plastics — Standard atmospheres for conditioning-and testing
1SO|472, Plastics — Vocabulary
[S0|6344-1, Coated abrasives — Grain size analysisi~— Part 1: Grain size distribution test

[SO|11357-1, Plastics — Differential scanning-calorimetry (DSC) — Part 1: General principles

3 |Terms and definitions
For|the purposes of this documeht, the terms and definitions given in ISO 472 and ISO 113571 apply.

[SOJand IEC maintain terminglogical databases for use in standardization at the following addresses:

— |ISO Online browsingplatform: available at https://www.iso.org/obp

— |IEC Electropediaravailable at http://www.electropedia.org/

4 |Principle

For|thé\determination of thermal conductivity, the usual placement of the specimen in the sample

holdletposition is modified according to a procedure proposed in References [1] and [2][Additional

details on scientific background, deduction of results and performance of measurements can be found
in References [3] and [4].

An empty crucible is placed in the reference position of the sample holder assembly. The test specimen
is placed directly onto the sensor of the sample position and a crucible containing a substance of known
melting temperature is put on top of the specimen (see Figure 1). The thermal conductivity is measured
at a temperature slightly above the melting point of this substance in the small temperature range in
which the slope of the melting peak with test specimen is determined (see 9.4, Figure 2).

Upon heating, a temperature gradient is created in the specimen. The temperature of the top of
the specimen remains constant at the melting temperature T,, of the melting substance while the
temperature of the bottom side of the specimen corresponds to the temperature of the sample side

© IS0 2021 - All rights reserved 1
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sensor. The differential heat flow between sample and reference sensor is measured by the DSC
instrument.

From the temperature difference between top and bottom of the sample (7}, - 7;)), the sample height h
and the heat flow rate difference Q between sample and the reference sensor, the thermal conductivity

of the spec

imen is determined.
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brature of the reference position

Figure 1 — Schematic layout of measurement

ratus and substances

instrument
ument in accordance with specifications given in [SO 11357-1 shall be used.
al raw data shall be used@without any further data processing.

\ccording to currentlyavailable results, the method has been verified with heat-flux type
only. However, it is éxpected that power-compensated DSC instruments are also suitable.

ibles

cruciblés shall be used fitting the DSC instrument. Both, open or ventilated closed cruci
b, Upeniusing sealed crucibles suitable precautions shall be taken to prevent excessive in

DSC

bles
side

Care shall

NOTE

be taken to avold detormation oI the plane crucible bottom.

Uneven crucible bottoms can result in too low thermal conductivity values.

5.3 Melting substance

Certified melting substances or melting substances having a purity of 99,999 9 % or better shall be used.

The meltin

g temperature determines the temperature of measurement of the thermal conductivity.

Melting temperatures of specimens to be measured shall be above those of the melting substances to be
used. In case of doubt, this shall be ensured by performing suitable preliminary tests.

NOTE

Metals such as gallium or indium have been found suitable.
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5.4 Protective lacquer

If metals that can react with the crucible material are used as melting substances, protective lacquers
may be applied for coating the crucible inside surface and preventing formation of alloys with the

aluminium crucibles.
NOTE1  Gallium, for example, is known to form alloys with aluminium.

The protective coating shall be thermally stable in the measurement temperature range and shall be
applied continuously on the crucible inside surface in constant thickness of not more than 30 pm.

Bot T, thre bdlllplt‘ Trucibte Luutaiuiug the uu:hiug substarceand-theTeferencecrucibteshatthe coated in
exaftly the same manner.

NOTE 2  Suitable examples for protective lacquers are, for example, nitro lacquer or permanent mgrker ink.
5.5 Length measuring device

Suifable device for measuring the diameter with an accuracy of +20 um or better and th¢ specimen
height with an accuracy of 10 pm or better.

6 |Specimens

6.1f Geometry

Cylindrical specimens shall be used.

The diameter shall be measured with an accuragy; of +20 um or better and shall not deviate from the
diaeter of the bottom of the crucible by more/than 0,1 mm. The height shall be measurgpd with an
accyracy of 10 um or better and shall be in the range of 0,5 mm to 2,0 mm.

To ¢nsure the best possible thermal contact to the sensor and crucible, specimens shall be ffee of scars

Ver surface
pecified in

and| burrs and shall have plane-parallel upper and lower surfaces. Grind the upper and loy
using ultra-fine abrasive paper of grit size P800 in accordance with the ISO/FEPA scale g

[SO|6344-1 or better.

NOTE Higher surface rdughness can result in reduced thermal contact and lower values|of thermal
congluctivity.

6.2 Number and'sampling

At lpast five speeimens shall be measured and the results averaged.

Forfhomegeneous filled and unfilled materials, no particular sampling procedures are requifed.
For|fibre reinforced laminates and composites, specimens shall be taken at least 10 mm pway from
sheetTedges. Specimens shall be taken {rom Several nomogeneousty distributed focations of the sheet

with exclusion of defective areas.

Depending on sample preparation and for samples with anisotropic reinforcements, the thermal
conductivity can depend on the orientation of the test specimen. In such cases, the orientation of the
test specimen shall be noted.

7 Conditioning
Prior to measurement specimens shall be conditioned for a minimum of 2 h in accordance with ISO 291.
Moisture sensitive materials shall be dried preferably in accordance with relevant material standards.

Alternatively, drying conditions shall be agreed between involved parties.

© IS0 2021 - All rights reserved
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8 Calibration

Calibration of the DSC instrument with regard to temperature and heat shall be done in accordance
with ISO 11357-1.

9 Meas

urement procedure

9.1 Preparation of crucibles

Two identi

calcrucibles shall he selacted having amassdifference of not maore than n"] mg

When usin
gallium, th

One of the
substance

The meltiny
should cov

NOTE I

9.2 Use

Preferably,
bottom sul

and residules can remain on the sensors that can falsify subsequent measurements if not comple

removed.

For speci

contact sulpstances may exceptionally be used on the top and bottom specimen surfaces. In such ca
the same thermal contact substance shall also®be used on the reference crucible.

If require

can be removed residue-free upon heating the DSC sensors at a temperature of 500 °C.

The suitabjlity of oil should be checked with the supplier or determined by own testing, for examn

based on t

9.3 Measurement ofimelting substance

9.3.1 Placing of crucibles in sample holder

The empty|
the meltin
The introd

b materials as melting substances that can react with the crucibles and form alloys, for-éxan
e crucible inside surface shall be coated with protective lacquer in accordance with‘5.4.

n accordance with 5.3.

g substance shall be placed centrically in the crucible. Preferably,-the melting substa
er the bottom of the crucible completely.

In case of gallium, a sample weight of approximately 60 mg to 65 mg has been found suitable.

of thermal contact substances

thermal contact substances should not be used with specimens having smooth top
faces as this can increase the standard deviation®@f measured thermal conductivity va

ens with very rough surfaces, for example fibre reinforced composites or laminates, ther

thin layers of synthetic oil shall'be used as thermal contact aid. Only oil shall be used

ermogravimetry.

crucible according to 9.1 shall be placed in the reference position and the crucible filled v

‘rucibles remains empty and is used as reference. The other crucible is filled with the melf

ple

—-

ng

nce

and
ues
tely

mal
ses,

that

ple,

vith
hen.

b Substance according to 9.1 shall be placed in the sample position without test specin

Ctiom of Crucibies sitatt be dome at Too teMperature. 1 e Sampie norder siatt be closed

and

purged with inert gas in accordance with ISO 11357-1 to prevent oxidation of the melting substance.

9.3.2 Distribution of melting substance on crucible ground

For improved distribution of the melting substance on the crucible ground the following temperature
program shall be applied.

a)
b)

c)

Heatu

p to 20 K above the melting point at a scan rate of 2 K/min.

Hold this temperature for 10 min to ensure complete melting.

Bring the sample holder to a temperature of 10 K below the melting point at a scan rate of 10 K/min.
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d) Cool down to 30 K below the melting point at a scan rate of 5 K/min to ensure full crystallisation.

e) Bring the sample holder to room temperature for removal of crucibles.

9.3.3 Measurement of the slope of the melting curve without test specimen

Thereafter, for evaluation of the upward slope of the melting peak of the melting substance, the
following temperature program shall be applied.

a) Bring the sample holder to a temperature of 30 K below the melting point at a scan rate of 10 K/min.

b) [Hold this temperature for 5 min.

c) |Heatup to a temperature of 10 K below the melting point at a scan rate of 10 K/min.
d) |Heat up to a temperature of 4 K below the melting point at a scan rate of 5 K/min.

e) |Hold this temperature for 2 min.

f) |Heatup to a temperature of 10 K above the melting point at a scan rate of 0,5 K/min.
g) |Cool down to a temperature of 30 K below the melting point at a Scan rate of 5 K/min.
h) |Bring the sample holder to room temperature for insertion ¢f the test specimen.

Step e) of 9.3.2 and steps a) and b) of 9.3.3 may be skipped if the measurement of the slope of the melting
curpe without test specimen is done immediately after, distribution of the melting substance on the
crufible ground.

9.314 Insertion of test specimen

Aftér removing the sample crucible, the test' specimen shall be placed centrically onto the sample
posjtion and then the crucible filled withthe melting substance put centrically, too, on top|of the test
spefimen.

Theg empty reference crucible remainhs on the reference position.

9.3]5 Measurement of the.slope of the melting curve with test specimen
After inserting the test-specimen, the following temperature program shall be applied.

a) |Bring the sampl€holder to a temperature of 30 K below the melting point of the melting substance
at a scan rate 0f 10 K/min.

b) [Hold this temperature for 5 min.

c) |Heat\up to a temperature of 10 K below the melting point at a scan rate of 10 K/min.

HaEot s 40 o tosnnpeatien A bhalosaztha ol alnt
B t t t

e
d) Heatup-teatemperature-of4Kbelow-the-meltingpoin

At o con ot AL D LY [t
oS Car TatC-OT O T/ Tt

e) Hold this temperature for 2 min.
f) Heatup to a temperature of 10 K above the melting point at a scan rate of 0,5 K/min.
g) Cool down to a temperature of 30 K below the melting point at a scan rate of 5 K/min.

h) Bring the sample holder to room temperature for exchanging the test specimen.

9.4 Evaluation of the slope of the peaks of the melting substance

The evaluation of both melting curves recorded without (see 9.3.3) and with (see 9.3.5) test specimen
shall be done using the curves of recorded heat flow rate vs. sample temperature as shown in Figure 2.

© IS0 2021 - All rights reserved 5
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Melting curves showing perturbation of the peak profile, such as significant non-linear slope, double-
peak melting behaviour, etc. shall be discarded.

For determination of the slope two points shall be selected in the linear range of the upward slope of
the melting curve having a distance of at least 50 % of the total slope. The lower point shall be located at
least 10 % above the extrapolated peak onset as defined in ISO 11357-1.

NOTE The accuracy of the determination of the slope within the linear range of the rising edge of the melting
peak can be improved with the aid of calculating the first derivative of the slope.

The slope of the peak recorded without test specimen QO/AT0 is used for correction of the slope

recorded with test specimen Q /AT in order to obtain the thermal conductivity.
Y
40 H
=
30 B AT
20 __ QO
10 H .\ AT
: J g\
0 I I [
C IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
27 28 29 30 31 32 33 34 35 36 37 38 X
Key
X sainple temperature, in °C
Y heft flow rate, in mW
0 heft flow rate increment for the evaluation of the slope of the melting peak with test specimen
Q'O heft flow rate incrementfor the evaluation of the slope of the melting peak without test specimen
AT terhperature incremrent for the evaluation of the slope of the melting peak with test specimen
AT, tethperature ingrement for the evaluation of the slope of the melting peak without test specimen
mglting peak'without test specimen
mdlting peak with test specimen
a Endothermic direction.

Figure 2 — Evaluation of peak slopes of melting substance recorded without and with test
specimen

6 © IS0 2021 - All rights reserved
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10 Calculation of thermal conductivity

The thermal conductivity is obtained from the slopes of the melting peaks determined according to
Figure 2 and the height and diameter of the test specimen, as shown in Formula (1):

A= = (1)
A/ A o
Q ¢
where
A is the thermal conductivity, expressed in W-m1-K1;
h is the height of test specimen, expressed in m;

A is the cross-sectional area of test specimen, expressed in m?;

AT is the temperature increment for the evaluation of the slope of.theé melting peak with test
specimen, expressed in K;

0 is the heat flow rate increment for the evaluation of the slope of the melting peak with test
specimen, expressed in W;

AT, is the temperature increment for the evaluation of the slope of the melting peak without test
specimen, expressed in K;

QO is the heat flow rate increment for the evaluation of the slope of the melting peak without test
specimen, expressed in W.

Within the specified tolerance of the test specimien diameter, the diameter of the bottom of the crucible
shall be used for calculation of larger specimens and for smaller specimens the specimen diameter shall
be taken.

11|Service life of crucibles upon using gallium as melting substance

As gallium can react with alaniinium and form alloys the service life of crucibles shall bg limited to
a miaximum of six weeks. After expiration of this deadline a new set of crucibles shall be grepared in
accprdance with 9.1 and(new correction curves shall be recorded in accordance with 9.3.1 tq 9.3.3.

In addition, after five-mieasurements or a time-lag of three days or more since the last measufrement the
slope of the melting/peak without test specimen shall be verified and the newly recorded slope values
shall be used for’subsequent measurements.

12|Precision and bias

Usi ca il o1 a1 PRSRS DRSS S DR PP 1 1 il 1o c TP P L roer ibed i
SixgthnrsMmetnoa; trre- Statraatraaeviatroroasea ot tire restrtsoratr meetrranotrarory-—restaescribed 1n

Annex A is in the range of 5 % to 10 %.
The repeatability is expected to be +1 % or better.

Above precision values are valid for test specimens having sufficiently smooth surfaces. Test specimens
having more rough surfaces can yield reduced reproducibility and repeatability values.
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13 Test report

The test report shall include the following information:

a)
b)
c)
d)
€)
f)
g)
h)

j)
k)
D)

areference to this document including its year of publication, i.e. ISO 11357-8:2021;

identification of testing laboratory and date of testing;

identification (m:lnllF:lFfllFPF and t‘ypp) of DSCinstrumentused;

inform
inform
all req
if appl

inform
(e.g. dy

geome
type, 1
details
detailg

therm

ation on use of protective lacquer, if any;
ation on use of thermal contact substance, if any;
lired information for clear identification of tested material;

cable, direction of measurement;

ying, etc.);

try and number of test specimens;
urity and flow rate of purge gas;
of temperature program;

of evaluation of melting peak slopes;

ation on sampling, preparation of test specimens, conditioning ‘and additional treatnjent

] conductivity (individual values and average) in [W/(m-K)] including recorded melting pepks.

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=775542dd6fdc0a0f5294d7abffb1a59a

ISO 11357-8:2021(E)
Annex A
(informative)

Interlaboratory determination of thermal conductivity measured
by means of DSC

The precision of determination of thermal conductivity as specified in this documen§ has been
verlfied upon interlaboratory testing of four different materials by 10 different laboratetieg using DSC
insruments of three different manufacturers. Even though only heat-flux instruments were|included it
is agsumed that power-compensated DSC instruments will give similar results.

Results of DSC instruments of one manufacturer were excluded because software processfing of data
gavp falsified results.

For|comparison, the thermal conductivity of all 4 materials has been measured using a guarded heat
flow meter in accordance with ASTM E1530.

All [thermal conductivities quoted in Table A.1 to Table A4 are the average of five|individual
megsurements.

© IS0 2021 - All rights reserved 9
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