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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 maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
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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Scope

5 document specifies a method for the determination of the thermal diffusivity of a
of plastics in the thickness direction by the laser flash method. This method is base
isurement of the temperature rise at the rear face of the thin-disc specimen produced
gy pulse on the front face.

method can be used for homogeneous solid plastics as well as<Composites having a
rthotropic structure. In general, it covers materials having a-thermal diffusivity, «, in

ironments over a temperature range from =100 °C to +400.°C:

Normative references

following documents are referred to in_the text in such a way that some or all of th
Ktitutes requirements of this document: For dated references, only the edition cited 3
ated references, the latest edition of.the’referenced document (including any amendmen

IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of und
surement (GUM:1995)

291, Plastics — Standard atimospheres for conditioning and testing
527-1, Plastics — Detenmination of tensile properties — Part 1: General principles
2818, Plastics —£{Preparation of test specimens by machining

22007-1, Plastics — Determination of thermal conductivity and thermal diffusivity — Par
ciples

Terms and definitions

E For inhomogeneous specimens, the measured values\can be specimen thickness dependet.

thin solid
 upon the
by a short

h isotropic
the range

10-7 m2-s71 < @ < 1 x 10-4 m2-s-1. Measurements can b¢ cdarried out in gaseous apd vacuum

Pir content
pplies. For
[s) applies.

ertainty in

F 1: General

For

the purposes of this document, the terms and definitions given in ISO 22007-1 apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1

IEC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.or

pulse width

tp

duration for which the laser pulse intensity is larger than half of its maximum value

Note 1 to entry: It is expressed in seconds (s).
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3.2

time origin

to

start of the laser pulse

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

3.3

maximum temperature rise

ATmax

difference between the maximum temperature reached by the rear face of the specimen after the laser

pulse has

assed and its steady temperature before the pulse

Note 1 to enftry: It is expressed in kelvins (K).

3.4
half-rise t
t1/2
time from

me

he time origin until the rear-face temperature increases by one-half of AT ax

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

3.5

thermogram

temperatu

3.6
thickness
d
dimension

e versus time curve for the rear face of the specimen

of the test specimen in the direction of heat trahsfer measurement

Note 1 to enftry: It is expressed in metres (m).

4 Pringiple

One side o
compared
temperatu
thermal di
(see Clausd

a flat-sheet test specimendis subjected to an energy pulse which has a very short dura
with the half-rise time (Se¢ 6.1) and a uniform spatial energy distribution. The trans
e rise on the opposite face (rear face) is recorded as a function of time (see Figure 1).

9 and Annex B),

5 Appa

5.1 Gene

ratus

ral

fion
fent
The

ffusivity is obtained'by comparing the experimental thermogram with a theoretical m¢del

all

The appar

tus shall he anignnﬂ toobtain the thermal Hif“ﬁlcivify as described in Clause 4 and- s

consist of the following main components as shown in Figure 2. These are the furnace or climatic
chamber with a specimen holder and temperature measurement device (e.g. thermocouple), 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.
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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) If required, 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 §o suppress
strdy light transmitted from the laser beam to the IR detector.

The test temperature shall be measured using a calibrated temperature measurement dlevice that
is pgreferably in contact with the specimen or the specimen holder but\at least within 1 jmm of the
spefimen holder.

The temperature measurement device shall be designed so ds not to significantly disturb the
temperature field generated in the specimen by the laser pulse:

AT

max \

AT

A Tmax/z

t=0 t,, t

Key]

t time

AT temperature rise

a  Baseline.

b Transient-rise period.

¢ Cooling period.

Figure 1 — Example of thermogram
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pulse dptector

specimgn

furnacg or climatic chamber
temperpture measurement device
windows
transient detector

X N O Ul AW N

control| acquisition and analysis unit

Figure 2 — Schematic diagram of laserflash set-up for measuring thermal diffusivity

5.3 Flash source

The energy level of the flash source’shall produce a temperature rise not exceeding 3 K at the rear face
of the specjmen.

The spatia| energy distribution of the pulse heating shall be as uniform as possible over the front face
of the specjmen.

The pulse dlurationshall be shorter than 1 ms.

The heat ppilsé'source may be a laser (preferably) or a flash tube.

A photodiode can be used to determine the duration and form of the pulse and the time origin.

5.4 Transient detectors

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 mKin 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

4 © IS0 2017 - All rights reserved
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defined above and shall not decrease the accuracy of temperature measurement, otherwise they could
distort the shape of the temperature-time curve.

NOTE 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.

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/t1/2. The accuracy of the time base shall be better than #1 x 10-5 s,

5.5

Thd
med
low]

6

6.1

The
thid
sha
wil
are

The

Thickness measurement device

specimen thickness shall be measured with an accuracy of +5 um by a calibrated
isurement device having a resolution of #1 pm. For soft materials, a micrometerwith re
compression is required.

Test specimen

Shape and dimension of the specimen

specimen shall be a thin disc. The specimen diameter is usually from 5 mm to 20 mm. Th
kness shall be chosen according to the pulse width and the thermal diffusivity of the

1 be selected such that the pulse width is less than 0,010f the half-rise time. Typically, th
be between 0,5 mm and 3 mm. The aspect ratio of the'specimen shall be chosen such tha
negligible during the test. The ratio of the diametef’to the thickness shall be larger than

faces shall be flat and parallel. Any variatjion®in the thickness of the specimen should

thickness
producibly

P specimen
material. It
b thickness
F 2D effects
B:1.

preferably

be less than 1 % of the mean thickness. The.effect of greater non-uniformity can be estimpted in the

megsurement uncertainty.

6.2| Preparation and conditioning of test specimen

Thd
han
hea

test specimen shall be representative of the material being examined and shall be prs
dled with care. If the specimen is taken from sample pieces by cutting, care shall be taken
king, changes in molecular orientation or any other effect that may alter the sample prop

bpared and
to prevent
brties.

A method for sample preparation of oriented, anisotropic specimens is specified in Annex C.

ht material
pecified, it

The test specimen shall be conditioned prior to the measurement as specified in the releva
stamdard or by.admniethod agreed between the parties involved. Unless other conditions are s
is recommended that the specimen be conditioned in accordance with ISO 291.

NO1I
cru

E Depending on the material and its thermal history, the method of test specimen preparation may be
ialto-the consistency of the results and their significance.

6.3 Coating the specimen

Specimens which are not opaque to the laser radiation at the wavelength used shall be coated with an
appropriate coating (a metal coating, for example) to prevent penetration of the laser beam into the
specimen. 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 such that the half-rise time for the coating alone is less than 2 % of the total half-rise time for
the specimen.

NOTE1 The half-rise time, t1/2, for the coating can be simply calculated from its thickness, d, and thermal
diffusivity, @, using Formula (1), a rearranged form of Formula (B.1):
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d2
, =0,13879— (1)

t
1/ o

NOTE 2  Both sides of the specimen can be coated with a thin opaque black layer (i.e. a layer of graphite) to
optimize the absorption of the energy pulse and the emission of thermal radiation.

7 Calibration and verification

7.1 Calibration of apparatus

The laser flash technique is an absolute method which allows the user to perform measurements fhat
are directly traceable to primary SI units (such as temperature, time, length and voltage) without
calibration| using reference materials. All elements of the laser 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 spgcimen.

— Calibrate the time base and the voltage of the data acquisition systent used to measure the signal
coming from the IR detector.

— Calibrate the IR detector in order to be able to observe thetransient temperature change at|the
rear fgce of the specimen rather than the transient spectral irradiance. Perform this calibrafion
mainly for temperatures lower than 200 °C where nonlittear behaviour of the output temperagure
cannot be neglected (see ISO 18755[1]). If this calibratior is not possible (e.g. because the IR detegtor
is inadcessible or due to differences between the “optical paths of the IR detector calibrafion
configliration and the thermal-diffusivity measurement configuration), the effects of nonlineajrity
have t¢ be taken into account in the uncertainty of measurement.

7.2 Verification of apparatus

The apparatus should preferably be verified periodically by measuring the thermal diffusivity ofone
or more reference materials covering the range of thermal diffusivities of the materials to be testefd. If
the measufed values differ by more-than 5 % from the reference values, recalibrate the various itenis of
apparatus jn accordance with7.1.

Verificatioh can be carried out by measurements on materials which have well-defined jand
reproducille thermal (properties such as Armcol) iron, Pocol) graphite, Pyroceram 96061) or
poly(methylmethacrylate) (PMMA). Pyroceram 9606 (a ceramic material) has been certified| for
thermal-diffusivity.measurements as part of an international programme involving national metrology
institutesl4]. This-certified reference material is available from IRMM (Institute for Reference Mateifials
and Measurements) [3].

It is recommended that the reference materials be chosen so that their properties (half-rise time and
thermal diffusivity) are close to those of the materials to be tested.

8 Procedure

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

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.

6 © IS0 2017 - All rights reserved
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8.2 Measure the thickness of the specimen at ambient temperature, using a calibrated thickness
measurement device. If a specimen coating is used, the specimen-thickness measurement shall be made

before coating.

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

8.4

If required, 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

spe

cimen temperature is betterthan n,ﬂ': I(I/c

8.6

8.7
thid

8.8
to ¢
be i

8.9
direg
the

8.1
effe

8.1

8.1
cald

The
itis
1:2,
neg

8.1

If te
dec

Measure the steady-state temperature of the specimen.

Calculate the specimen thickness at the test temperature, taking into_account the
kness due to thermal expansion.

Irradiate the specimen with the laser pulse, taking adequate safety (pnecautions. Care sh
nsure that the laser beam does not cause any local degradation of the specimen. The spe
hspected after removal from the instrument to check for any signs.of degradation.

Measure and record continuously the temperature of the rear face of the specimen or
ctly proportional to it before, during and after the laser.pulse. The thermogram obtained sl
baseline, the transient-rise period and the cooling period (see Figure 1).

D If necessary, measure the time form of the laser pulse applied in 8.8 in order to cori
ct of the finite duration of the pulse (for guidance see Annex A).

I From the thermogram obtained, calculate the thermal diffusivity in accordance with Clg

D

4

Repeat at least three times the procedures described from 8.8 to 8.11 at the same tempsg
ulate the average value of the thermal diffusivity and the repeatability of the measuremen

recommended that measurements be performed on two specimens with a thickness raf
If the same diffugivity values are obtained, the effect of inhomogeneity can be assuy
ligible.

B Change the(test temperature to the next desired temperature and repeat steps 8.5 to 8.1

sting is-b&ing carried out at several temperatures, it is recommended that an increasing 1
Feasing temperature profile be used as this will minimize or avoid the effect of distor

spe

change in

hll be taken
fimen shall

a quantity
nall include

ect for the

use 9.

brature and
ts.

analysis assumes that thé.specimen is homogeneous. If there are any doubts about the hgmogeneity,

io of about
med to be

2.

ather than
tion of the

Cithen on the results, as distortion is more likely to occur at higher temperatures.

If testing at elevated temperatures, it is recommended that the effect of possible changes in the
specimen at such temperatures be investigated. This can be done by carrying out a test at ambient
temperature both before and after the required series of tests. If there is a difference in the results
obtained, consideration shall be given to reducing the time at elevated temperature for each specimen.

Careshall be taken to avoid testing at temperatures at which the specimen may undergo a transformation
(e.g. first- or second-order transformation, crystal transformation or glass transition) during the test.

NOTE The test temperature is a nominal temperature that can be associated with the measured thermal-
diffusivity value as this value is determined under higher transient temperatures due to the heating effect of the
laser pulse. An extrapolation procedurel4] can be used to calculate the “intrinsic thermal diffusivity” at the test
temperature corresponding to the thermal diffusivity that would be measured for a laser pulse of zero energy.
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9 Data 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, t1/2, 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, ATmax- If the baseline shows a drift, correct the thermogram by subtracting the extrapolated
baseline.

c¢) Normgdlize the rear-face temperature rise curve by dividing all temperature rise values by ATm4x.

d) Calculate the thermal diffusivity from the normalized thermogram, using the partial timeimoménts
metho[l[3] described below, or any other suitable method, as well as the thickness, d, ¢orrected for
thermal expansion.

The “partial time moments” method recommended in this document has‘a'low sensitivity to
measufrement 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 calculafed.
Annex|B gives examples of such methods of calculation.

NOTE 1] Additional information on calculation methods, data analysis,and sources of error can be fdqund
in ISO [18755I1]. Since ISO 18755 refers to ceramics, not all the details presented therein are necessgrily
relevar]t to the testing of plastics.

In the partjal time moments method, the thermal diffusivity i8;given by Formula (2):

dqF(m
o= d1Fma) (2)
m,
The two pdrtial time moments, mg and m-1, aredefined by Formulae (3) and (4):
tog AT(t
my = [0 AT, -
fo1 AT a
and
tog 1 AT(t
m_lzj.o’g—x—d() t @)
t071 t ATmaX

where
AT(t) is-obtained from the experimental thermogram;
to,1 andtyg-arethetimesrequired from the | en

toreach 10 % and 80 % of ATyax.

The function F(m-1) is defined by Formulae (5) and (6):

For 0,44 >m_1 > 0,27: F(m-1) =0,085 48 - 0,314 (0,548 6 - m_1) + 0,500 (0,548 6 — m_1)2,63
For m_q1 > 0,44: F(m-1) =-0,0819 + 0,305 m_1
NOTE 2  Values of m-1 less than 0,27 do not have any physical significance.

(5)

(6)

© ISO 2017 - All rights reserved
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This calculation method can be used if the following conditions are satisfied:

the duration of the laser pulse is short compared with the time characteristic for thermal diffusion
(i.e. pulse width <1 % of t1,2) 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 laser pulse;
the specimen is homogeneous;

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

NOT
assy
reay

NOT
coat
10
Thd
by t
bet
cald
med

11
Thd

f)

E3 The potential effect of non-uniformity of the pulse on the calculated thermal diffusivity’c
med to be negligible due to the use of an IR detector to detect the transient temperature rise of
face. However, if needed, the laser beam could be made more uniform by using beam-hompgeniz

E4  The assumption of opacity of the specimen is implicitly satisfied by the déposit of an
ing on its two faces.

Uncertainty

relative expanded uncertainty (confidence level of 95 %) of the\thermal-diffusivity det
he laser flash method with the partial time moments method(s estimated to be from +3 ¢
veen ambient temperature and 400 °C (depending on the thaterial and the temperature).
ulated in accordance with the ISO/IEC Guide 98-3. Qn ‘the basis of the results of five
lsurements performed under the same conditions, the.repeatability of the method is bettd

Test report

test report shall include the following infermation:
areference to this document, i.e. ISQ22007-4;

the date of the test;

all details necessary for coniplete identification of the sample tested (type, batch nu
including its thermal history;

the shape and dimensions (diameter and thicknesses at room temperature and af
temperature, givinig’the method of calculation of the thicknesses at the test temperatu
specimens and-the number of specimens tested;

details of sample and specimen preparation;

whetlier*a coating was used and, if so, the coating material and coating procedure and th
of thé coating);

1

the specimen

usually be
ing optics.

Qppropriate

brmination

to =5 %lél
It has been
successive
r than 1 %.

mber, etc.),

each test
res) of the

b thickness

g)
h)

N

j)

k)

D)

thre wavetengtirand duratiomrof the taser putse;

the type of detector used for measuring the transient temperature rise of the specimen rear face;

the type of furnace used and its temperature range (or a statement to the effect that a climatic

chamber was used);

the measurement conditions, such as the test temperature(s), in degrees Celsius, and the
climatic chamber atmosphere;

furnace or

the method(s) used to calculate the thermal diffusivity and estimate corrections (e.g. due to heat

losses and the finite pulse duration);

the thermal-diffusivity value(s) obtained, in square metres per second;
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m) any additional information or details of operations not specified in this document, which may be
important for assessment of the results.
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Annex A
(informative)

Correction for finite pulse duration

All the methods used to calculate thermal diffusivity assume that the laser pulse is similar to a Dirac

fun cHoR- chever, ifthe duraticn Cf the nlcacannat ha naglactad (caon Clanicn 0), tha offact nf the finite

prlse-cannotbe-ne glected {see-Clause-9)+the-effect
pulse time should be corrected for.

For|[the methods of calculation based on the use of the half-rise time, t1/2, a first approach
caldulating the thermal diffusivity, assuming a Dirac function pulse, and applying.a ‘corred
valge obtained. By specifying the shapes of pulses, several authors[ZL.[8].[9] have proposed
reldtionships to estimate this correction.

A njore general method consists in shifting the time origin to the centroid, tg, of the laser
calqulating the thermal diffusivity considering the pulse as a Dirac funetion. In this case, the
of the laser pulse is measured by a detector having a response fastér than 10 ps and the pos
centroid is calculated directly from the observed waveform. This method, proposed initiall
and Takahashil10] for adiabatic experiments, has been extendedto non-adiabatic ones by Deg

consists in
tion to the
analytical

pulse and
waveform
ition of the
by Azumi
ovannilll],
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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
by Parker
basis of wh

In the case

o=0

il

The use o
thermal di
thermal di

Some meth
calculation
several cha
Cowan’s m

With the a
time moms¢
technique
These calc
values and
analytical
recordings

bt al.[12] is based on an analytical model corresponding to an adiabatic experiment, on

| 3879 —
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ath annroneiata dnitial and honndaeyg
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nnnnn
T o ppTroprot o T T
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ich the thermal diffusivity is calculated from the half-rise time, t1,>.

42
t1/2

this method, which neglects heat losses, can generate significant systematic error
ffusivity determinations. It is not a suitable method for polymers because of their
fusivity and the test cannot really be considered adiabatic.

ods are based on an improvement of Parker’s method;introducing correction factors in
of the thermal diffusivity to take into account the.uhavoidable heat losses. They use on

bthod[14] and Clark and Taylor’s method[15] are\the most commonly used.

lvances in modern data acquisition, metheds based on the analysis of a part (i.e. the pa
nts method of Degiovanni and Laurent{2)) or the whole of the temperature response (i.e|
proposed by Gembarovic et al.[16] using a least-squares method) are increasingly utili
lation methods are generally based on minimizing the difference between the measu
the theoretical values obtained from a mathematical model. They differ either by
nodel used or by the way inwhich they compare the measured temperature rise versus ]
with the analytical curve.

sed
the

of an adiabatic experiment, the thermal diffusivity is calculated simply from the thicknless,
d, and the half-rise time, t1/2, as follows:

B.1)
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P or

racteristic points on the experimental curve. Amiong them, Cape and Lehman’s methodf13],
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Annex C
(normative)

Samples and test specimen preparation for injection mouldable

thermoplastics and thermosets

C.1

The
the
is n
orid
test

C.2

Figuire C.1 shows an example of a plate.

st L N%

General

purpose of this annex is to provide a comparable sample preparation for the.'meas

irement of

directional thermal conductivity of injection mouldable thermoplasticsAand thermoset. This

ecessary, because the thermal conductivity and thermal diffusivity valuesiare influen
ntation of the filler particles, the sample shape, dimension and preparatioi. The prepar
specimen out of these samples (plates) also has an influence on the above values.

Sample shape and dimension

width z  measuring direction: through-plane
length y  measuring direction: in-plane — perpen
thickness X  measuring direction: in plane — parallell

Flow direCtjon (injection direction).

ced by the
htion of the

Hicular

Ficure C.1 — Examnle of sample
5 ) o T

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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