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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.
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INTERNATIONAL STANDARD IS0 23766:2022(E)

Thermal insulating products for industrial installations —
Determination of the coefficient of linear thermal
expansion at sub-ambient temperatures

1 Scope

This|document specifies the equipment and procedures for determining the coefficient of linear
therinal expansion at sub-ambient temperatures (=196 °C to 25 °C), subject to the possible temperature
limitption of the test specimens. It is not applicable to products which experience diménsignal changes
during the test due to the loss of hydration water or which undergo other phase ghanges.

2 Normative references

The following documents are referred to in the text in such a way, that some or all of their content
constitutes requirements of this document. For dated references,(only the edition cited|applies. For
undgted references, the latest edition of the referenced document{including any amendments) applies.

IS0 9229, Thermal insulation — Vocabulary

ISO (18099, Thermal insulating products for building “equipment and industrial instpllations —
Determination of the coefficient of thermal expansion

3 Terms and definitions

For fhe purposes of this document, the terms and definitions given in ISO 9229, ISO 18099 and the
folloying apply.

ISO gnd IEC maintain terminologywdatabases for use in standardization at the following addresses:

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

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

31
sub-ambient teniperature
temperature from-196 °C to 25 °C at which the thermal insulation product is used to redude heat flow

4 lr/lethod A — Optical method

4.1 Principle

The changes in a product’s linear dimensions, as its temperature is changed, are measured and
characterized by the optical measurement method (See Figure 1 for an example).

©1S0 2022 - All rights reserved 1
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Key /\Q)%

1 light soufce q‘})
2 light O
3 collimatIr lens \%
4  parallel light beam, wider than the test specimen 6\
5 testspedimen, with dimension of 10 mm to 30 mm 0<(
6  detectorfwider than the light beam Q
7  test chamber \\§\

Figure 1 — Example of an apparatgﬁ)r optical method

N
4.2 Apparatus xO
&

4.2.1 Light source system C)\\

An InGaN-bpsed light source which c%prmect a broad-width planar parallel light beam ont¢ the
sample and|detector. The colhmator@ should be used to keep the light beam parallel withfn 2”
(= 0,009 696 mrad). O

4.2.2 Light detector syst@@

The light bgam with th@adow of the sample is detected by a sensor. The signal is then evalyated
by a digital edge-de on processor which provides a sensitive and precise measurement of the
dimensions |of the le before and after expansion. It shall be calibrated over the required range to
within 2 x 10‘5/< or the length.

4.2.3 Test—gambcl and Luuliug a_yotr:lu

Capable of maintaining the mean temperature of the test specimen to within + 0,5 K of the desired test
temperature.

The test chamber shall be capable of limiting the rate of temperature change to 1 °C/min during the
change from one test temperature to another. The disk-shaped chamber with liquid nitrogen cooling
system above and heating elements below the sample is usually fit to optical dilatometry. There should
be two holes on the test chamber to let the light beam go through. The dimension is fit to the sample
and light beam to ensure good temperature distribution.

NOTE Liquid nitrogen has been found in practice to be the most satisfactory coolant. The cooling system can
consist of pressure-controlled valve and nitrogen source (e.g. a dewar) feeds liquid nitrogen to a heat exchanger.

2 © IS0 2022 - All rights reserved
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4.2.4 Temperature-measuring instruments
Calibrated thermocouples suitable for the test with an accuracy of * 0,5 K.

The thermocouples are connected to a stepwise recording device. If only the mean coefficient of linear
thermal expansion, «,,, between two temperatures is needed, the measurements shall only be carried

out at these temperatures. If the full curve over a temperature range is needed, it shall be done in a
continuous way.

4.2.5 Equipment to prepare the test specimen

Suitdble saw or thin-walled steel tube to prepare the test specimen. The thin-walled steeltlibe is a steel
tube[with a thin wall, and one side is sharp, which can be used to cut a cylinder-shaped(Sperimen.

4.3 | Test specimen

4.3.1 Dimensions of test specimens

The dimensions shall be appropriate for the dimensions of the apparatitSand smaller than fthe width of
the light beam, usually 10 mm to 30 mm. Because of its small dimen$ions, the test specim¢n should be
carefully selected to be representative of the product being tested.

The $hape of the specimen can be a cylinder or cuboid. If a_cuboid is used, the trapezoidall transversal
surfdce is in favour of avoiding the influence of deviation of the position, where the topline will not
influpnce the measurement of baseline. For anisotropic materials, the direction should be marked and
recoyded.

The material tested can be rigid or flexible material, except the transparent materials.

4.3.1 Preparation of test specimens
Any s$kins, facings, and/or coatings shalkbe removed.

Test specimens shall be sawn or eutfrom the product with a thin-walled steel tube in the|direction in
which the measurement of the-coefficient of linear thermal expansion shall be made and {n which the
linear dimensions are to be re¢orded.

Specjal requirements fer-preparation such as annealing or drying under specified conditions shall be
indidated where relevant’in the product standard.

For anisotropic ptoducts, the measurements shall be carried out both in the direction of the length and
of the width.

4.3.3 Number of test specimens

Th 1 £ 4 4 : 1 111 L oL 4] 1 4 | 4 4 1 q 1L
€ ITamoeror test S PTULIIIITILS SIIdITN UC d5 SPTULITITU T LT TTITVAIIU prutdutt Stdlitidiu. 11

not specified, then at least two test specimens shall be used.

tHe number is

4.4 Conditioning of test specimens

The test specimens shall be stored for at least 6 h at (23 + 5) °C. In case of dispute, they shall be stored
at (23 = 2) °C and (50 % 5) % relative humidity (RH) for the time specified in the relevant product
standard.

In tropical climates, different conditioning and testing conditions can be relevant. In this case, the
conditions shall be (27 + 5) °C and (65 * 5) % RH.

©1S0 2022 - All rights reserved 3
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4.5 Procedure

Clean the test specimen and position it in the centre of the light beam area in the chamber, making sure
that the end surfaces are perpendicular to the light beam. Measure its length at (23 * 2) °C which shall
be considered as the reference temperature.

Place the thermocouples in a hole, which is on the backside of the light beam of the specimen, or in
good contact with the test specimen in which emissivity of the test specimen and thermocouples should
be matched. Close the test chamber and cool the system to the lowest temperature needed. Then heat
the chamber, making sure that the temperature gradient given in the relevant product standard is
respected. If no information is available, do not exceed 3 K/min and 1 K/min for the last 50 °C interval
to target teriperature.

Stabilize thle temperature at temperature intervals over a time sufficient to obtain_a\uhiform
temperatur¢ within the test specimen. Usually, 30 min is sufficient.

Measure th¢ temperature and the test specimen length when stable temperature is'recorded (H1 K).
Record the length variation/temperature curves continuously.

When the tgmperature returns to the reference value, remeasure the lengthz-If’irreversible chgnges
have occuried, repeat the cycles until only reversible changes occur, and the irreversible chgnges
should be regported as a whole for information.

The result shall be calculated from the readings of the reversible changes.

5 Method B — Displacement method

5.1 Prindgiple

The changes in a product’s linear dimensions, asyits temperature is changed, are measured and
characterizg¢d by the displacement method (See Figlire 2 for an example).

' D
2 1
P
L
— 5
\ 3
Key
1 displacement sensor
2 test chamber
3  testspecimen
4 temperature sensor
5 relevant dimension / length

Figure 2 — Example of an apparatus for displacement method
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Apparatus

5.2.1 Sensor for distance

A displacement measurement sensor reading to the nearest 1 pm, with a load less than 50 Pa, shall
be used for the measurement of the relevant dimension / length of rigid specimen. For soft insulation
products, the required load for the determination of the thickness according to the product standard
shall be taken into account. If no product standard exists, the load should be agreed between the
involved parties.

5.2.

Capalple of maintaining the mean temperature of the test specimen to within +1 K of\the

temp

NOTH

5.2.3
Calib

the mean temperature of the specimen (minimum three sensers-over the specimen le

dired

The {

coefflicient of linear thermal expansion, «,,, between twg-temperatures is needed, the me

shall
shall

5.2.4

Suit3

5.3

5.3.1

The dimensions shall heZappropriate for the dimensions of the apparatus.

Spec
be ug

The {

5.3.2

Testchambaor and cooling sustam
et eIt oo R A

erature below ambient temperature with the possibility to adjust the cooling down ra

The chamber can be cooled down with liquid nitrogen to reach the cryogenicarea.

Temperature-measuring instruments

rated temperature-measuring devices suitable for the test with @n‘accuracy of +0,5 K

tion of the displacement measurement).

emperature-measuring devices are connected to a continuous recording device. If on

only be carried out at these temperatures. If thefill curve over a temperature range
be done in a stepwise way.

Equipment to prepare the test speciinen

ble saw to prepare the test specimen;

Test specimen

Dimensions of test Specimens

mens of the dimension 50 mm x 50 mm x thickness (minimum 10 mm to maximum §
ed. Larger ditnensions are also possible.

est specimen should be carefully selected to be representative of the product being te

Preparation of test specimens

desired test
fe.

0 determine
ngth in the

ly the mean
asurements

is needed, it

0 mm) shall

sted.

Any skins, facings, and/or coatings shall be removed.

Test specimens shall be sawn from the product in the direction in which the measurement of the
coefficient of linear thermal expansion shall be made and in which the linear dimensions are to be
recorded.

Special requirements for preparation such as annealing or drying under specified conditions shall be

indic

ated where relevant in the product standard.

For anisotropic products, the measurements shall be carried out in all relevant directions.
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5.3.3 Number of test specimens

The number of test specimens shall be as specified in the relevant product standard. If the number is
not specified, then at least two test specimens shall be used.

5.4 Conditioning of test specimens

The test specimens shall be stored for atleast 6 h at (23 + 5) °C. In case of dispute, they shall be stored
at (23 = 2) °C and (50 £ 5) % relative humidity (RH) for the time specified in the relevant product

standard.

In tropical
conditions |

5.5 Procd

Clean the te|
(23+2)°Cqd

Position the

Close the te|
temperatursg

Climates, difrerent conditioning and testing conditions can be relevant. In this cas
hall be (27 + 5) °C and (65 + 5) % RH.

rdure

St specimen and the chamber. Measure the relevant dimension under théjused test lo|
r (27 £ 5) °C which then shall be considered as the reference temperature.

specimen in the chamber.

st chamber and cool the system to the lowest temperatureneeded, making sure tha
e gradient given in the relevant product standard is respected. If no information is avai

the tempe

Stabilize t
temperaturg

Measure th
recorded (*

When the tq
have occur
should be rdg

The result s
temperaturg

6 Calcul

Calculate th
and T, usin

rlure gradient shall be agreed between the involved partiés.

, the

ad at

t the
able,

temperature at temperature intervals over a, time sufficient to obtain a uniform

e within the test specimen. Usually, 30 min is sufficient.

| K).
bmperature returns to the referencelvalue, remeasure the length. If irreversible chd

ed, repeat the cycles until only-reversible changes occur, and the irreversible cha
ported as a whole for information/

s of the specimen.

ation and expression of results

e mean coefficiént of linear thermal expansion, «,, in K1 between the temperaturg
b the following formula:

<t
21

e temperature and the test specimen releyant dimension when stable temperatulre is

nges
nges

hall be calculated from the'readings of the dimensional changes and the associated fnean

s Ty

Hh-T

0
where
ly
I
L

is the length of the test specimen, at the reference temperature T}, in millimetres;
is the length of the test specimen, at the temperature T;, in millimetres;

is the length of the test specimen, at the temperature T,, in millimetres.
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If required, determine the coefficient of thermal expansion at the temperature T, «;, as the tangent to
the above curve.

L, -I(T
at(T):l- lim L-I(T)
10 T2—>T TZ_T
7 Accuracy of measurement

NOTE It has not been possible to include a statement on the accuracy of the method in this version of this
document, but it is intended to include such a statement when this document is next revised.

8 Testreport

The test report shall include the following information:

a) areference to this document, i.e. ISO 23766:2022;

b) productidentification:

1) product name, factory, manufacturer, or supplier;

2) production code number;

3) type of product;

4) other information as appropriate, e.g. nominal‘dimensions;

c) festprocedure:

1) method A or B;

2) pre-test history and sampling,.e.g. who sampled and where;

3) waiting time before condjtioning;

4) conditioning;

%) conditioning and(tésting conditions in tropical climates, if applicable;
6) annealing, dfying conditions;

T) presenceoffacings, the mass of the facing, and the method of removal, if necessary;
8) presence of surface skins and the method of removal, if necessary;

9),"if any deviation from apparatus or procedure;

10) date of testing;

11) general information relating to the test (e.g. reference temperature T, for the determination of
mean coefficient of linear thermal expansion, a,, and the temperatures T; and T,);

12) events which can have affected the results, if irreversible changes have occurred, for example.

Information about the apparatus and identity of the technician should be available in the laboratory,
but it does not need to be recorded in the report.

d) results:

1) all individual values of the coefficient of thermal expansion in each temperature interval or at
each temperature, mean value in the same temperature intervals or at the same temperatures;

©1S0 2022 - All rights reserved 7
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