International

Standard
ISO 22007-4
Plastics — Determination of Third edition
thermal conductivity and thermal 2024-01
diffusivity —
Part 4:
Light flash method
Plastiques — Détermination de la conductivité thermique:et'de la
diffusivité thermique —
Partie 4: Méthode flash lumineux
Reference number
ISO 22007-4:2024(en) © IS0 2024



https://standardsiso.com/api/?name=94593583c5850cdb25ce628f62f367b3

ISO 22007-4:2024(en)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2024

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

© IS0 2024 - All rights reserved

ii


https://www.iso.org
https://standardsiso.com/api/?name=94593583c5850cdb25ce628f62f367b3

IS0 22007-4:2024(en)

Contents Page
FOTE@WOTM..........o e iv
1 SCOPI@ ...t 1

2

3

4 Principle

5 APPATATULS ... 2
. 0] =) =Y S 2

6
Preparation and conditioning of test specimen ... b 5
Coating the SPECIMEIN ... g | e 5
7 Callibration and verification.............. S s
7.1 Calibration of apparatus......
7.2 Verification of apparatus
8 PIIOCEAUIE ... bt 6
9 DA ANALY SIS ..ot s 7
10 UILCEIRAIIIEY ... Mg ot 9
11 TESTTEPOTT ..o T R 9
Annex A [informative) Correction for finite pulse duration..................

Annex B [informative) Alternative methods.of calculating thermal diffusivity

Annex (| (normative) Samples and test specimen preparation for injection mouldalle
thermoplastics and thermOSetS. .. ..o | e 12

BIDLIOGIAPIY ... 0 N et e 16

© IS0 2024 - All rights reserved

iii


https://standardsiso.com/api/?name=94593583c5850cdb25ce628f62f367b3

IS0 22007-4:2024(en)

Foreword

[SO (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 ]

nternational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWW.iso

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had notIeceived ngtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
ot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

This docu
chemical
Committe
and CEN

This thirg
revised.

The main
— thete

Alistof a

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

Iment was prepared by Technical Committee ¥SO/TC 61, Plastics, Subcommittee SC 5| Physical-
broperties, in collaboration with the Europeah Committee for Standardization (CEN) [Technical
e CEN/TC 249, Plastics, in accordance with.the Agreement on technical cooperation befween ISO
Vienna Agreement).

| edition cancels and replaces the.second edition (ISO 22007-4:2017), which has been t¢chnically

changes are as follows:
rm laser flash has been(replaced by the more general term light flash.

| parts in the ISO 22007 series can be found on the ISO website.

Any feedback or questions’on this document should be directed to the user’s national standards body. A

complete

listing of thése-bodies can be found at www.iso.org/members.html.
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Plastics — Determination of thermal conductivity and
thermal diffusivity —

Part 4
Light

flash method

1 Scop

This docu
plastics iy
the tempgq
face.

e

ment specifies a method for the determination of the thermal diffusivity of athin so

rature rise at the rear face of the thin-disc specimen produced by a shortenergy pulse o

or ortho
1x 107
over a ten

The metﬁod is applicable to homogeneous solid plastics as well as composites having an

NOTE

2 Normative references

The folloy
requirem
the latest

ISO/IEC
measuren|

ISO 291, H
[SO 527-1
ISO 2200

principles

3 Tern
For the pt

ropic structure. In general, it covers materials having a thekmal diffusivity, «, in

\perature range from -100 °C to +400 °C.

For inhomogeneous specimens, the measured values can be.specimen thickness dependent.

ying documents are referred to in the text insuch a way that some or all of their content ¢
ents of this document. For dated references, only the edition cited applies. For undated r
edition of the referenced document (including any amendments) applies.
fuide 98-3, Uncertainty of medsyrement — Part 3: Guide to the expression of unce
ent (GUM:1995)

lastics — Standard atmaospheres for conditioning and testing

Plastics — Determinatjon of tensile properties — Part 1: General principles

/-1, Plastics — Determination of thermal conductivity and thermal diffusivity — Part

ns and-definitions

[nposes of this document, the terms and definitions given in ISO 22007-1 and the followiq

id disc of

| the thickness direction by the light flash method. This method is based upon the measurement of

the front

isotropic
he range

2.s1 <@ <1 x10-*m?-s71, Measurements can be carried outdin gaseous and vacuum environments

bnstitutes
bferences,

rtainty in

[: General

g apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISOO

nline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

pulse width

t
CFuration for which the light pulse intensity is larger than half of its maximum value

Note 1 to entry: It is expressed in seconds (s).

© IS0 2024 - All rights reserved
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3.2
time orig
t

Note1toe

3.3
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in

0
start of the light pulse

ntry: It is expressed in seconds (s).

maximum temperature rise

AT,

max

difference between the maximum temperature reached by the rear face of the specimen after the light pulse
has passed and its steady temperature before the pulse

Note 1 to 4

3.4
half-rise

t;/z
time fronj
Note 1 to 4

3.5
thermog
temperat

3.6
thicknes
d
dimensio

Note 1 to d

4 Principle

One side
compared
temperat
diffusivit
and Anne

5 App

5.1 General

The appa

ntry: It is expressed in kelvins (K).

time
the time origin (3.2) until the rear-face temperature increases by one-half-ofAT, .,

ntry: It is expressed in seconds (s).

Fam

ire versus time curve for the rear face of the specimen
3
1 of the test specimen in the direction of heat transfer measurement

ntry: It is expressed in metres (m).

of a flat-sheet test specimen i _subjected to an energy pulse which has a very short
with the half-rise time (see.6.1) and a uniform spatial energy distribution. The

 is obtained by comparing’the experimental thermogram with a theoretical model (se¢
X B).

hratus

duration
transient

ire rise on the opposite face(rear face) is recorded as a function of time (see Figure 1). The thermal

b Clause 9

h1l consist

ratu’s shall be designed to obtain the thermal diffusivity as described in Clause 4 and sh

of the following main components as shown in Figure 2. These are the furnace or climatic cham

er with a

specimen holder and temperature measurement device (e.g. thermocoupleJ, the flash source (e.g. laser), the
pulse detector, the transient detector (IR detector) and the control, data acquisition and analysis unit.

5.2 Furnace or climatic chamber

The furnace or climatic chamber shall meet the following requirements.

a) The temperature range shall be appropriate to the range of materials to be studied. Depending on
the range of temperature, the specimen is maintained at a constant temperature by a cryostat or by a
furnace.

© IS0 2024 - All rights reserved
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b) It shall be capable of maintaining the test temperature constant to within +0,5 K or less for at least
30 min.

c¢) The temperature measurement device shall be capable of measuring the furnace or climatic chamber
temperature with a resolution of 0,1 K and an accuracy of +0,5 K or better.

d) The furnace or climatic chamber shall be fitted with two windows, one transparent to the pulse
radiation and the other transparent to the working wavelength range of the IR detector.

e) Ifrequired, the test environment shall be vacuum or inert-gas atmosphere to avoid oxidative degradation
during heating and testing of the specimen. For cryoscopic measurements, care shall be taken to avoid
water condensation on the windows.

NOTE Measurement under vacuum will eliminate convection effects.

The specimen holder shall be designed to minimize thermal contact with the specimen and tg.suppjress stray
light tranpmitted from the light beam to the IR detector.

The test [temperature shall be measured using a calibrated temperature measurement devi¢e that is
preferably in contact with the specimen or the specimen holder but at least within’1l mm of the |specimen
holder.

The templrature measurement device shall be designed so as not to significantly disturb the temperature
field genefrated in the specimen by the light pulse.

AT

A TmaX \

ATmax/Z

t=0 t, t

Key
t time

AT températbrerise

a Baseline.

b Transient-rise period.
¢ Cooling period.

Figure 1 — Example of thermogram

© IS0 2024 - All rights reserved
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Figure 2 — Schematic diagram of light flash set-up for measuring thermal diffusivit

ource

detector

re or climatic chamber
rature measurement device
ws

ent detector

5h source

y level of the flash source shall produce a temperature rise not exceeding 3 K at the rear

h1 energy distribution-ofthe pulse heating shall be as uniform as possible over the front f

duration shall be“shorter than 1 ms.
bulse source'may be a laser or a flash tube.

ode canbe used to determine the duration and form of the pulse and the time origin.

y

ace of the

ace of the

54 Tr

“
nciantdaetactors
TOTeIIT o

TTTCTTOUTY

The transient temperature rise at the rear face of the specimen shall be measured with an IR detector. The
transient detector shall be able to detect a variation of 5 mK in the specimen rear face temperature. Its

response

shall be linear with temperature over a temperature range of at least 3 K.

The frequency response of the detector and its associated electronics (amplifiers, analogue/digital
converters, etc.) shall be faster than 10 kHz. If electronic filters are used, they shall meet the requirements
defined above and shall not decrease the accuracy of temperature measurement, otherwise they could

distort th

NOTE

e shape of the temperature-time curve.

The choice of IR detector depends also on the temperature range. For the range -100 °C to +400 °C,
photovoltaic or photoconductor detectors can be used.

© IS0 2024 - All rights reserved
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The temperature of the rear face, or a quantity directly proportional to it (e.g. voltage), shall be measured
and recorded continuously over the duration of the test. The data acquisition system, which may be analogue
or digital, shall be able to sample more than 1 000 data points on the thermogram with a sampling frequency
higher than 100/¢, /,. The accuracy of the time base shall be better than £1 x 10~ s,

5.5 Thickness measurement device

The specimen thickness shall be measured with an accuracy of +5 pm by a calibrated thickness measurement
device having a resolution of +1 um. For soft materials, a micrometer with reproducibly low compression is
required.

6 Testspecimen

6.1 Sh3pe and dimension of the specimen

The specimen shall be a thin disc. The specimen diameter is usually from 5 mm to 20 ‘mm. The |specimen
thickness|shall be chosen according to the pulse width and the thermal diffusivity0fthe materipl. It shall
be select¢d such that the pulse width is less than 0,01 of the half-rise time. Typieally, the thickness will
be betwegn 0,5 mm and 3 mm. The aspect ratio of the specimen shall be chosen such that 2D dffects are
negligibld during the test. The ratio of the diameter to the thickness shall bedarger than 3:1.

The faces|shall be flat and parallel. Any variation in the thickness of the Specimen should preferalply be less
than 1 % Jof the mean thickness. The effect of greater non-uniformity.€an be estimated in the measurement
uncertainty.

6.2 Prgparation and conditioning of test specimen

The test specimen shall be representative of the material being examined and shall be prepared and handled
with care. If the specimen is taken from sample pieces by cutting, care shall be taken to prevent heating,
changes ih molecular orientation or any other effect'that can alter the sample properties.

The prepgration of specimens of oriented, anisotropic samples shall be done as specified in Annex|C.

The test ppecimen shall be conditioned (ppior to the measurement as specified in the relevant{ material
standard [or by a method agreed between the parties involved. Unless other conditions are spegified, the
specimen|shall be conditioned in accordance with ISO 291.

NOTE Depending on the materialand its thermal history, the method of test specimen preparation can be crucial
to the congistency of the results-and their significance.

6.3 Coating the specCinien

Specimenfs which areé not opaque to the light radiation at the wavelength used shall be coatedl with an
appropridte coating’(a metal or graphite coating, for example) to prevent penetration of the light beam into
the specijmen: The influence of the coating on the heat transfer shall be negligible (i.e. it shall have a high

diffusivity @and low thickness in comparison with the specimen). The total thickness of the coating shall be
chosen sume for the

specimen.

NOTE1 Thehalf-risetime,t; ,, for the coating can be simply calculated from its thickness, d, and thermal diffusivity,

a, using Formula (1), a rearranged form of Formula (B.1):

dZ
t;/, =0,138 79— 1)
o

NOTE 2  Both sides of the specimen can be coated with a thin opaque layer as mentioned above to optimize the
absorption of the energy pulse and the emission of thermal radiation.

© IS0 2024 - All rights reserved
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7 Calibration and verification

7.1 Calibration of apparatus

The light flash technique for the determination of the thermal diffusivity is an absolute method which allows
the user to perform measurements that are directly traceable to primary SI units (such as temperature,
time, length and voltage). All elements of the light flash apparatus shall be calibrated separately, as follows.

— Calibrate the micrometer used to measure the specimen thickness.

— Calibrate the temperature measurement device used to measure the steady-state temperature of the
specimen.

— Calib
from

— Calib
face
for te
negle

ther
in thd

7.2 Ver

The appat
reference
values di
accordan

Verificati
thermal f
(PMMA).

partof an

ate the time base and the voltage of the data acquisition system used to measure the sign
the IR detector.

bf the specimen rather than the transient spectral irradiance. Perform this calibrat
mperatures lower than 200 °C where nonlinear behaviour of the outpuf.temperature
cted (see ISO 18755[11). If this calibration is not possible (e.g. because the IR detector is in

or dnle to differences between the optical paths of the IR detector calibration configuratio

al-diffusivity measurement configuration), the effects of nonlineatity have to be taken inf
uncertainty of measurement.

ification of apparatus

atus should preferably be verified periodically by measuring the thermal diffusivity of on
materials covering the range of thermal diffusivities of the materials to be tested. If the
fer by more than 5 % from the reference valués; recalibrate the various items of apy
fe with 7.1.

bn can be carried out by measurements oh materials which have well-defined and rep

Pyroceram 9606 (a ceramic material)has been certified for thermal diffusivity measur
international programme involying national metrology institutes(Zl.

[tis recommended that the reference matérials be chosen so that their properties (half-rise time an|

diffusivit

8 Proc

) are close to those of the materials to be tested.

edure

8.1 Swiltch on the equipment at least 1 h prior to any testing to allow it to reach equilibrium.

8.2 Med
measuren
before co

sure the“thickness of the specimen at ambient temperature, using a calibrated
hent device. If a specimen coating is used, the specimen-thickness measurement shall

al coming

rate the IR detector in order to be able to observe the transient temperature change eI the rear
i

n mainly
rannot be
hccessible
h and the
oaccount

e or more
measured
aratus in

roducible

roperties such as Armco?) iron, Poco®.graphite, Pyroceram 96061 or poly(methylmethacrylate)

bments as

d thermal

thickness
be made

htihg:

8.3 Mount the specimen in its holder and put this assembly in the furnace or climatic chamber.

8.4 Ifrequired, establish a vacuum or an inert-gas environment in the furnace or climatic chamber.

8.5 Set the furnace or climatic chamber to the desired temperature and wait until the stability of the

specimen

temperature is better than 0,05 K/s.

1) Armco, Poco and Pyroceram 9606 are examples of products available commercially. This information is given for
the convenience of users of this document, and does not constitute an endorsement by ISO of the products named.

© IS0 2024 - All rights reserved
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8.6 Measure the steady-state temperature of the specimen.

8.7 Calculate the specimen thickness at the test temperature, taking into account the change in thickness
due to thermal expansion.

8.8 Irradiate the specimen with the light pulse, taking adequate safety precautions. Care shall be taken
to ensure that the light beam does not cause any local degradation of the specimen. The specimen shall be
inspected after removal from the instrument to check for any signs of degradation.

8.9 Measure and record continuously the temperature of the rear face of the specimen or a quantity
directly proportional to it before, during and after the light pulse. The thermogram obtained shall include

the baselife, the transtentrise perfod and the cooting pertod (see rigure 1. ]

8.10 Ifn
the finite

8.11 Fro

8.12 Rep
calculate

The analy
recomme
same diff

8.13 Change the test temperature to the next desired tempébature and repeat steps 8.5 to 8.12.

If testing

on the reg

If testing
at such te

before and after the required series of tests. If there is a difference in the results obtained, con

shallbe g

Care shal
(e.g. first-

NOTE
diffusivityj
pulse. An ¢
correspon

9 Datd

duration of the pulse (for guidance, see Annex A).
n the thermogram obtained, calculate the thermal diffusivity in accordanee with Clause

eat at least three times the procedures described from 8.8 to 8.11'at the same temper
the average value of the thermal diffusivity and the repeatability ofthe measurements.

sis assumes that the specimen is homogeneous. If there are &ny doubts about the homoge
hded that measurements be performed on two specimens with a thickness ratio of about
1sivity values are obtained, the effect of inhomogeneity can be assumed to be negligible.

ults, as distortion is more likely to occurat higher temperatures.

at elevated temperatures, it is recommended that the effect of possible changes in the
mperatures be investigated. ThiS ¢an be done by carrying out a test at ambient temperd

ven to reducing the time atselevated temperature for each specimen.

be taken to avoid testing at temperatures at which the specimen can undergo a trans
or second-order transformation, crystal transformation or glass transition) during the t

The test temperature is a nominal temperature that can be associated with the measure
value as this yvalue is determined under higher transient temperatures due to the heating effect
xtrapolationprocedurel3] can be used to calculate the “intrinsic thermal diffusivity” at the test te
ing to the thermal diffusivity that would be measured for a light pulse of zero energy.

pcessary, measure the time form of the light pulse applied in 8.8 in order to correct)for thie effect of

hture and

neity, it is
1:2. If the

is being carried out at several temperaturesjiit is recommended that an increasing rdther than
decreasing temperature profile be used as this will miffimize or avoid the effect of distortion of the

specimen

specimen
ture both
bideration

formation
pst.

d thermal
bf the light
mperature

analysis

The analysis of the rear-face temperature curve and the calculation of the thermal diffusivity shall be
carried out as follows.

a) If the half-rise time, t; /,, is shorter than 100 times the pulse width, correct the time scale for the finite

pulse

time effect (for guidance, see Annex A).

b) Determine the baseline and the maximum of the curve to calculate the maximum temperature rise,
AT, . If the baseline shows a drift, correct the thermogram by subtracting the extrapolated baseline.

c) Normalize the rear-face temperature rise curve by dividing all temperature rise values by AT, ...

© IS0 2024 - All rights reserved
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d)

In the paiftial time moments method, the thermal diffusivity is given by Formula (2):

The two gartial time moments, my and m_,, are defined by Formulae (3) and (4):

ISO 22007-4:2024(en)

Calculate the thermal diffusivity from the normalized thermogram, using the partial time moments
method[*] described below, or any other suitable method, as well as the thickness, d, corrected for
thermal expansion.

The “partial time moments” method recommended in this document has a low sensitivity to
measurement noise. It uses only the rising part of the thermogram, which is highly sensitive to thermal
diffusivity. Other methods may be used as long as their uncertainties are calculated. Annex B gives
examples of such methods of calculation.

NOTE1 Additional information on calculation methods, data analysis and sources of error can be found in
IS0 1875501, Since I1SO 18755 refers to ceramics, not all the details presented therein are necessarily relevant to
the testing of plastics.

dfF(m_;)

o= d[F0ma) ®)

My

mq =[ % AT(E) 4, 3)
0 to,1 ATpax
and
tog1l AT
my [0 1 ATy, @)
toqg t AT
where
AT(t) is obtained from the experimental ¢thermogram;
AT a4 is the maximum temperaturedise;

The functfion F(m_,) is defined by Formulae (5) and (6):
For 0,44 >m_, > 0,27: F(m-)=0,08548 - 0,314 (0,548 6 - m_;) + 0,500 (0,548 6 — m_,)?%3 (5)

NOTE 2 [Values ofmJ] less than 0,27 do not have any physical significance.

This calcylatiotrinethod may be used if the following conditions are satisfied:

tppandtyg arethe times required from the initiation of the pulse for the rear face of the spgecimen to
reach 10 % and 80 % of AT,

max-*

For m| > 0,44: Ffm_;) =-0,0819 + 0,305 m_,4 (6)

the duration of the light pulse is short compared with the time characteristic for thermal| diffusion

(i.e. pulse width <1 % of t; ;) or, if not, a correction is applied to the time scale in accordance with
Annex A;

the front face of the specimen is uniformly heated by the light pulse;
the specimen is homogeneous;

the specimen is opaque to the light radiation at the wavelength used.

NOTE 3  The potential effect of non-uniformity of the pulse on the calculated thermal diffusivity can usually be
assumed to be negligible due to the use of an IR detector to detect the transient temperature rise of the specimen rear
face. However, if needed, the light beam can be made more uniform by using beam-homogenizing optics.

© IS0 2024 - All rights reserved
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NOTE4  The assumption of opacity of the specimen is implicitly satisfied by the deposit of an appropriate coating on
its two faces.

10 Uncertainty

The relative expanded uncertainty (confidence level of 95 %) of the thermal-diffusivity determination by the
light flash method with the partial time moments method is estimated to be from +3 % to +5 %[2] between
ambient temperature and 400 °C (depending on the material and the temperature). It has been calculated
in accordance with the ISO/IEC Guide 98-3[el. On the basis of the results of five successive measurements
performed under the same conditions, the repeatability of the method is better than 1 %.

11 Test|report

The test report shall include the following information:

a) arefdrence to this document, including the year of publication;
b) the date of the test;

c) all defails necessary for complete identification of the sample tested (typefbatch number, etc.)Jincluding
its thermal history;

d) the shape and dimensions (diameter and thicknesses at room temperature and at each test temperature,
giving the method of calculation of the thicknesses at the test tethperatures) of the specimer)s and the
number of specimens tested;

e) details of sample and specimen preparation;

f) whether a coating was used and, if so, the coating material and coating procedure and the thjckness of
the cgating);

g) the type of the light flash source, the wavelength and duration of the light pulse;
h) the type of detector used for measuring the-transient temperature rise of the specimen rear fgce;

i) the type of furnace used and its temperature range (or a statement to the effect that a climati¢ chamber
was ysed);

j) the measurement conditions; such as the test temperature(s), in degrees Celsius, and the flirnace or
climaftic chamber atmosphexe;

k) the njethod(s) used to-calculate the thermal diffusivity and estimate corrections (e.g. due to heat losses
and the finite pulseduration);

1) the thermal diffusivity value(s) obtained, in square metres per second;

m) any 4dditienal information or details of operations not specified in this document, whigh can be
impoftant for assessment of the results.

© IS0 2024 - All rights reserved

9


https://standardsiso.com/api/?name=94593583c5850cdb25ce628f62f367b3

ISO 22007-4:2024(en)

Annex A
(informative)

Correction for finite pulse duration

All the methods used to calculate thermal diffusivity assume that the light pulse is similar to a Dirac
function. However, if the duration of the pulse cannot be neglected (see Clause 9), the effect of the finite
pulse time should be corrected for.

For the nllethods of calculation based on the use of the half-rise time, ty/p A first approachlepnsists in
calculatirlg the thermal diffusivity, assuming a Dirac function pulse, and applying a correction“to|the value
obtained.[By specifying the shapes of pulses, several authorsIZLI8L19] have proposed analytical reldtionships
to estimate this correction.

A more general method consists in shifting the time origin to the centroid, ¢, of the tight pulse and cplculating
the thermal diffusivity considering the pulse as a Dirac function. In this case, the'Waveform of the light pulse
is measurjed by a detector having a response faster than 10 ps and the positidn)of the centroid is ¢alculated
directly firom the observed waveform. This method, proposed initially ¥¥’Azumi and Takahafhill%l for
adiabatic fexperiments, has been extended to non-adiabatic ones by Degiotvannillll,
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Annex B
(informative)

Alternative methods of calculating thermal diffusivity

All methods of calculating thermal diffusivity are based on the mathematical solution of the heat conduction
equation with appropriate initial and boundary conditions. The original method proposed by Parker, et
al.[12] is based on an analytical model corresponding to an adiabatic experiment, on the basis of which the

thermal 1ITus1vity 1s calculated from the hali-rise time, t1/2'

In the casg of an adiabatic experiment, the thermal diffusivity is calculated simply from the thickngss, d, and

the half-rise time, ty/, as follows:

2
a=0)138 79d—
t1/2

The use df this method, which neglects heat losses, can generate significant'systematic errors i
diffusivity determinations. It is not a suitable method for polymers because.of their low thermal ¢
and the tgst cannot really be considered adiabatic.

Some methods are based on an improvement of Parker’s method, introducing correction f
the calculation of the thermal diffusivity to take into account:the unavoidable heat losses. The
or several characteristic points on the experimental curve. Among them, Cape and Lehman's nj
Cowan's thethod[14] and Clark and Taylor's method[12] are the;most commonly used.

With the advances in modern data acquisition, methods'based on the analysis of a part (i.e. the p4
moments|method of Degiovanni and Laurentl4]) or théiwhole of the temperature response (i.e. the
proposed|by Gembarovic, et al.[16] using a least-squares method) are increasingly utilized. These c
methods fire generally based on minimizing the difference between the measured values and the t
values obtained from a mathematical model. They differ either by the analytical model used or by 1

(B.1)

n thermal
iffusivity

actors in
y use one
ethod[13])

rtial time
fechnique
hlculation
neoretical
he way in

which thdy compare the measured temperature rise versus time recordings with the analytical curve.
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Annex C
(normative)

Samples and test specimen preparation for injection mouldable

thermoplastics and thermosets

C.1 General

The purplose of this annex is to provide a comparable sample preparation for the measutémé¢nt of the
directional thermal conductivity of injection mouldable thermoplastics and thermoset. This’is pecessary,

because the thermal conductivity and thermal diffusivity values are influenced by the|arientat

on of the

filler particles, the sample shape, dimension and preparation. The preparation of the test specimen out of

these sanjples (plates) also has an influence on the above values.

C.2 Sample shape and dimension

Figure C.] shows an example of a plate.

Key

w  width z  measuring direction: through-plane

l lengt} y  measuring direction: in-plane — perpendicy
t  thicknpess X  measuring direction: in plane — parallel

a2 Flow dlirection (injection direction).

Figure C.1 — Example of sample

Minimum| dimensions of the plates:

—  width w: 40 mm
— length I: 50 mm
— thickness t: 2 mm

The film-gate shall be over the whole width w of the sample (plate).
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C.3 Sample manufacturing

Plates shall preferably be injection-moulded from granulate. The injection moulding conditions shall be in
accordance with the relevant International Standard for the material or, if none exists, agreed between the
interested parties.

Strict control of all conditions of the samples (plates) preparation is essential to ensure that all test

specimen

s in a set are actually in the same state.

Plates shall be coplanar and of uniform thickness. All surfaces shall be free from visible flaws, scratches or
other imperfections.

Test specimens from finished goods shall be taken from flat areas or zones having minimum curvature.

Plates sh<};uld not be machined to reduce their thickness. Test specimens with machined surfacg

give resu

If samples
it shall be

C.4 Sample inspection

The samp

C.5 Sample anisotropy

Injection
as aresul

The dired
normal td
direction

— inflo
— perpg
— perpe

C.6 Lo

c6.1 G

All test syl
Figure C.J

s comparable to specimens having non-machined surfaces.

(plates) have to be compression-moulded, extruded or machined in accordance with IS(
noted in the test report. In general injection moulded samples are preferred.

le inspection shall be done in accordance with ISO 527-1.

L of flow-induced orientation.

tion dependence of the thermal properties-¢an be assessed by cutting specimens pa
the flow direction characterizing the moulding process. In the absence of informatio
b, specimens shall be machined in directigns as agreed between the interested parties.

v-direction, in-plane: x-direction (see Figure C.1);
ndicular to flow-direction, in-plane: y-direction (see Figure C.1);

ndicular to flow-direction, through-plane: z-direction (see Figure C.1).

ration and preparation of the test specimen

pneral

ecimensshall be prepared from the middle of the sample with regard to the direction of
and Figure C.3).

s will not

2818M17],

moulded samples (plates), as well as finished compotient parts, exhibit some degree of anisotropy

rallel and
h on such

flow (see
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