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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 

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. 

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 particular the different approval criteria needed for the 

editorial rules of the ISO/IEC Directives, Part 2 (see www .iso .org/ directives).

on the ISO list of patent declarations received (see www .iso .org/ patents).

constitute an endorsement.

World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following 
URL: www .iso .org/ iso/ foreword .html.

Plastics, Subcommittee SC 5, Physical-
chemical properties.

Annex C of which has 

A list of all parts in the ISO 22007 series can be found on the ISO website.
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Plastics — Determination of thermal conductivity and 
thermal diffusivity —

Part 4: 

1 Scope

The method can be used for homogeneous solid plastics as well as composites having an isotropic 
, in the range 

1 × 10  m2  <  < 1 × 10  m2 . Measurements can be carried out in gaseous and vacuum 

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

2 Normative references

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in 
measurement (GUM: 1995)

ISO 291, Plastics — Standard atmospheres for conditioning and testing

ISO 527-1, Plastics — Determination of tensile properties — Part 1: General principles

ISO 2818, Plastics — Preparation of test specimens by machining

ISO 22007-1, Plastics — Determination of thermal conductivity and thermal diffusivity — Part 1: General 
principles

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

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

— ISO Online browsing platform: available at http:// www .iso .org/ obp

3.1
pulse width
tp
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3.2
time origin
t0
start of the laser pulse

3.3
maximum temperature rise

Tmax

3.4
half-rise time
t1/2

Tmax

3.5
thermogram
temperature versus time curve for the rear face of the specimen

3.6
thickness
d
dimension of the test specimen in the direction of heat transfer measurement

4 Principle

compared with the half-rise time (see 6.1
temperature rise on the opposite face (rear face) is recorded as a function of time (see Figure 1). The 

(see Clause 9 and Annex B).

5 Apparatus

5.1 General

Clause 4 and shall 
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 

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 

a furnace.
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least 30 min.

c) The temperature measurement device shall be capable of measuring the furnace or climatic 

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 

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 to suppress 

The test temperature shall be measured using a calibrated temperature measurement device that 

specimen holder.

Key
t time

T temperature rise
a Baseline.
b Transient-rise period.
c Cooling period.

Figure 1 — Example of thermogram
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Key
1
2 pulse detector
3 specimen
4 furnace or climatic chamber
5 temperature measurement device
6 windows
7 transient detector
8

5.3 Flash source

of the specimen.

of the specimen.

The pulse duration shall be shorter than 1 ms.

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. 
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distort the shape of the temperature-time curve.

photovoltaic or photoconductor detectors can be used.

analogue or digital, shall be able to sample more than 1 000 data points on the thermogram with a 
t1/2  s.

5.5 Thickness measurement device

low compression is required.

6 Test specimen

6.1 Shape and dimension of the specimen

will be between 0,5 mm and 3 mm. The aspect ratio of the specimen shall be chosen such that 2D effects 
are negligible during the test. The ratio of the diameter to the thickness shall be larger than 3:1.

6.2 Preparation and conditioning of test specimen

The test specimen shall be representative of the material being examined and shall be prepared and 

Annex C.

is recommended that the specimen be conditioned in accordance with ISO 291.

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 

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.

NOTE 1 The half-rise time, t1/2 d, and thermal 
, using Formula (1), a rearranged form of Formula (B.1):
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t
d

1 2

2

0 13879/ ,=
α

 (1)

7.1 Calibration of apparatus

— Calibrate the micrometer used to measure the specimen thickness.

the specimen.

coming from the IR detector.

— Calibrate the IR detector in order to be able to observe the transient temperature change at the 
rear face of the specimen rather than the transient spectral irradiance. Perform this calibration 

cannot be neglected (see ISO 18755[1]). If this calibration is not possible (e.g. because the IR detector 
is inaccessible or due to differences between the optical paths of the IR detector calibration 

or more reference materials covering the range of thermal diffusivities of the materials to be tested. If 

apparatus in accordance with 7.1.

reproducible thermal properties such as Armco1) iron, Poco1) 1) or 

institutes[2]

and Measurements)[3].

It is recommended that the reference materials be chosen so that their properties (half-rise time and 

8 Procedure

8.1 

1)

named.
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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 

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

8.5 

8.6 

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

8.8 

8.9 

the baseline, the transient-rise period and the cooling period (see Figure 1).

8.10 8.8 in order to correct for the 
Annex A).

8.11 Clause 9.

8.12 Repeat at least three times the procedures described from 8.8 to 8.11 at the same temperature and 

it is recommended that measurements be performed on two specimens with a thickness ratio of about 

negligible.

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

If testing is being carried out at several temperatures, it is recommended that an increasing rather than 

If testing at elevated temperatures, it is recommended that the effect of possible changes in the 

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.

NOTE The test temperature is a nominal temperature that can be associated with the measured thermal-

laser pulse. An extrapolation procedure[4]
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9 Data analysis

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 
Annex A).

b) Determine the baseline and the maximum of the curve to calculate the maximum temperature 
Tmax

baseline.

Tmax.

method[5] d, corrected for 
thermal expansion.

Annex B gives examples of such methods of calculation.

in ISO 18755[1]

relevant to the testing of plastics.

Formula (2):

α = −d F m
m

2

1

0

( )
 (2)

The two partial time moments, m0 and m Formulae (3) and (4):

m
T t
T

t
t

t
0

0 1

0 8= ∫
Δ
Δ
( )

,

,

max

d  (3)

and

m
t

T t
T

t
t

t
− = ×∫1

1

0 1

0 8 Δ
Δ
( )

,

,

max

d  (4)

where

 T(t) is obtained from the experimental thermogram;

 t0,1 and t0,8 are the times required from the initiation of the pulse for the rear face of the specimen 
Tmax.

The function F(m Formulae (5) and (6):

For 0,44 > m  > 0,27:   F(m m m )2,63 (5)

For m  > 0,44:                      F(m m  (6)

NOTE 2 Values of m
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— 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 specimen is homogeneous;

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

assumed to be negligible due to the use of an IR detector to detect the transient temperature rise of the specimen 

coating on its two faces.

10 Uncertainty

[6] 

calculated in accordance with the ISO/IEC

11 Test report

The test report shall include the following information:

a) a reference to this document, i.e. ISO 22007-4;

b) the date of the test;

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 temperatures) of the 
specimens 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 thickness 
of the coating);

g) the wavelength and duration of the laser pulse;

chamber was used);

climatic chamber atmosphere;
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important for assessment of the results.
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Annex A 
(informative) 

 

function. However, if the duration of the pulse cannot be neglected (see Clause 9
pulse time should be corrected for.

For the methods of calculation based on the use of the half-rise time, t1/2

[7],[8],[9]

relationships to estimate this correction.

A more general method consists in shifting the time origin to the centroid, tg, of the laser pulse and 

and Takahashi[10] [11].
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Annex B 
(informative) 

 
Alternative methods of calculating thermal diffusivity

[12]

t1/2.

d, and the half-rise time, t1/2, as follows:

α = 0 13879
2

1 2

,
/

d
t

 (B.1)

Some methods are based on an improvement of Parker’s method, introducing correction factors in the 

several characteristic points on the experimental curve. Among them, Cape and Lehman’s method[13], 
Cowan’s method[14] [15]

time moments method of Degiovanni and Laurent[5]) or the whole of the temperature response (i.e. the 
[16]
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Annex C 
(normative) 

 
Samples and test specimen preparation for injection mouldable 

thermoplastics and thermosets

C.1 General

The purpose of this annex is to provide a comparable sample preparation for the measurement of 

C.2 Sample shape and dimension

Figure C.1 shows an example of a plate.

Key
w width z measuring direction: through-plane
l length y measuring direction: in-plane — perpendicular
t thickness x measuring direction: in plane — parallel
a

Figure C.1 — Example of sample

Minimum dimensions of the plates:

— width w: 40 mm

— length l: 50 mm

— thickness t: 2 mm

w of the sample (plate).
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C.3 Sample manufacturing

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 

or other imperfections.

Plates should not be machined to reduce their thickness. Test specimens with machined surfaces will 
not give results comparable to specimens having non-machined surfaces.

If samples (plates) have to be compression-moulded, extruded or machined in accordance with ISO 2818 

C.4 Sample inspection

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

C.5 Sample anisotropy

such directions, specimens shall be machined in directions as agreed between the interested parties.

x-direction (see Figure C.1);

y-direction (see Figure C.1);

z-direction (see Figure C.1).

C.6 Location and preparation of the test specimen

C.6.1 General

(see Figure C.2 and Figure C.3).
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Key
1 specimen location
a

Figure C.2 — Placement of test specimen

Key
w0 width of plate w width of test specimen
l0 length of plate l length of test specimen including cutting scrap
t thickness of plate
a

b

Figure C.3 — Preparation procedure of test specimen

To measure in in-plane direction, a platelet of 28 mm × 12,7 mm × 2 mm shall be cut or punched from the 

a minimum size in accordance with this document. The stripes shall not be deformed during clamping. 
After clamping, the surface of the laminate shall be grinded to obtain a uniform thickness. Excessive 
heat input shall be avoided.

C.6.2 Measuring direction in through-plane direction (z-direction)

cutting or punching. The upper and lower surface of the test specimen shall not be changed. Excessive 
heat input shall be avoided.
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C.6.3 Measuring direction in in-plane direction (x-, y-direction):

specimens either parallel (for example as shown in Figure C.3

C.7 Test report

Clause 11:

— details of sample manufacturing and test specimen preparation including information on measuring 

— all deviations from this annex.
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