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Foreword

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

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

Part 2:
Determination of coefficient of linear thermal expansion
and glass transition temperature

1 (Scope

Thip document specifies a test method, using thermodilatometryll], for the detérmination of the
coefficient of linear thermal expansion of plastics in a solid state by thermomechanical analysis (TMA).
Thif document also specifies the determination of the glass transition temperature using TNIA.

NOTE The coefficient of linear thermal expansion can be measured using various types of thermofdilatometry
appgratus. This document concerns only TMA apparatus.
2 [Normative references

The following documents are referred to in the text in such a way that some or all of their content
conptitutes requirements of this document. For dated‘teferences, only the edition cited dpplies. For
undated references, the latest edition of the reference@document (including any amendments) applies.

[SO|291, Plastics — Standard atmospheres for conditioning and testing
[SO|472, Plastics — Vocabulary

1S0O|11359-1, Plastics — Thermomechanijcal analysis (TMA) — Part 1: General principles

3 |Terms and definitions

For|the purposes of this dociiment, the terms and definitions given in ISO 472, ISO 11359-1 and the
follpwing apply.

[SOfand [EC maintaintérminological databases for use in standardization at the following addresses:

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

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

3.1
differential coefficient of linear thermal expansion
o

expansion, normalised to the reference length L, at room temperature, for any of the three dimensions
at temperature T and at constant pressure p, given in reciprocal kelvins, by the following formula:

(), 1 _(dL/de),

(dT), Ly (dT/dt), Lo

where

Ly  isthereference length at room temperature T, in the axis of measurement;

L is the length at temperature T, in the axis of measurement;

©1S0 2021 - All rights reserved 1
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i

dL
dr i

3.2

s the change in length over the time interval d¢ at constant pressure p;

s the change in temperature over the time interval dt at constant pressure p

mean coefficient of linear thermal expansion

o

expansion, normalised to the reference length L, at room temperature, for any of the three dimensions
in a specified temperature interval AT at constant pressure, given in reciprocal kelvins, by the following

formula:

AL

a=—

AT

where

AL

Ly

AT i
Note 1 to
representatj

T

Trop =

r

Note 2 to e
volumetric

s the change in length of the test specimen between two temperatures Ty ahd T5;
s the reference length of the test specimen at room temperature in thejaxis of measurem
s the change in temperature, equal to T, — Ty

entry: The determination is made over a temperature interval AT between T; and T,.

jve temperature T,,, is given by
L+ T3
2

hermal expansion can be obtained.

4 Pringiple

The chang
apparatus
calculated.

5 Appa

The compa
shall also h

a)

operat]

ratus

nents of the/DMA apparatus used for this document shall be as specified in ISO 11359-1
e capable.of

ing inacompression mode or a tension mode or both, and

b) maints

ihing the specimen under a controlled atmosphere in accordance with 1SO 291.

b in a dimension of a test specimen is measured as a function of temperature using a |
to generate a TMA curve-from which the coefficient of linear thermal expansion car

ent;

The

htry: By replacing the term “length” by “volume!in the formulae in 3.1 and 3.2, the coefficieft of

MA
be

and

NOTE 1

NOTE 2

Measurements on specimens of film or fibre are made in the tension mode.

Typically, an atmosphere of dry air or an inert gas such as nitrogen is used.

6 Test specimens

6.1 Preparation

Test specimens shall be prepared in accordance with ISO 11359-1.

The standard test specimen is a rectangular specimen 5 mm to 10 mm in length and about 5 mm in
width. However, specimens of other dimensions may be used by agreement between the interested

2
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parties. The ends of the test specimen shall be parallel. If applicable, the orientation of the specimen
with respect to the direction of production shall be recorded, i.e. machine direction, transverse
direction or other.

Reference shall be given to the relevant material standards for the number of test specimens, but at

least three specimens shall be prepared and tested from each sample.

6.2 Conditioning

Reference to the relevant material standards shall be given for the conditioning of specimens before

measurement

In drder to eliminate any thermal-memory effects in the specimen, each specimen may-be heated from

the[minimum measurement temperature (at least 50 °C below Tg) to the maximurm) temp
leadt 50 °C above Ty ), and held at this latter temperature for at least 5 min. Subsgquently, th
may be cooled to the minimum temperature at the same rate as that to be useddforactual mea

NOTE 1

origntation and/or blend morphology, thereby changing the coefficient of linedar thermal expansio
dirgctions.

Heating the test specimen to temperatures of 50 °C above Ty can result in changes i

NOTE 2
pre

If thermal-memory effects are observed despite preheating for 5 min at maximum temp
eating time can be extended as long as no decomposition occus's.

7 |Procedure

7.1] Calibration of apparatus

The
spe
as d

apparatus shall be calibrated in accordance with ISO 11359-1. After cleaning the surf

lose as possible.

7.2| Determination

The
big
to
50 inN should be uséd;,"Provided the effect on the measured value is small, other loads may h

unloaded probe shall be set on the upper surface of the specimen. A load shall be app
enough to achieve a reliable transfer of the load to the specimen, but at the same time I

Wh
int

bn specimeris made of film, fibre or soft material are tested, the determination shall be
bnsion modé with both ends of the specimen gripped.

Ac
wit

nstant'gas flow shall be maintained around the specimen, preferably of dry inert gas
hin_a flow rate range of 0 ml/min to 100 ml/min. However, other atmospheres may

erature (at
b specimen
surements.

h molecular

h in certain

erature, the

hces of the

Cimen, probe and sample holder, the specimen shall be placed on the sample holder with the probe

lied that is
bw enough

revent a detectablé’eompression of the specimen. Preferably, loads in the range between 1 mN and

e used.

arried out

or dry air,
be used by

agr

ement between the interested pari—inc

The temperature of the specimen shall be increased at a constant rate of not more than 5 K/min.

The TMA curve for the test specimen shall be recorded, i.e. the change in length with
temperature.

NOTE 1
sample to be investigated.

Under the same conditions, the change in length of areference specimen having a known mean

increasing

In order to check for anisotropy effects, specimens can be taken in different directions from the

coefficient

of linear thermal expansion and about the same length as the test specimen may be measured.

NOTE 2
specimen and a reference specimen directly.

© IS0 2021 - All rights reserved
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8 Expression of results

8.1 Method of calculation

8.1.1 Differential coefficient of linear thermal expansion, «

The differential coefficient of linear thermal expansion ¢, in reciprocal kelvins (K1), at temperature T
shall be obtained from the TMA curve using Formula (1)(see Figure 1):

dL
o=

1

€y

dT

where

Ly is the length of the specimen, in micrometres, at room temperature;

L isthe length of the specimen, in micrometres, at temperature T

Ly

T isthe temperature, in kelvins.

The value
values shal

f a shall be calculated to the nearest 10~7 K-1 for each specimen¢The mean of these individual
| be calculated and rounded to the nearest 10~ K1,

In the casg of a test specimen exhibiting a glass transition, the‘differential coefficient of thermal

expansion ghall be calculated before and after the glass transitioh:

L

2
1
i3
/ |
| I
| I
| I
I
! |
T, T, T
Key
L length of the specimen
T temipefature
T,, T, selected temperatures for determination of the differential coefficient of linear thermal expansion
1 slope dL/dT at temperature Tj
2 slope dL/dT at temperature T,

Figure 1 — Determination of differential coefficient of linear thermal expansion, o

© IS0 2021 - All rights reserved
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.2 Mean coefficient of linear thermal expansion, &

.2.1 Method A: Determination without reference specimen

The mean coefficient of linear thermal expansion, &, in reciprocal kelvins (K1), between two
temperatures T; and T, shall be obtained from the TMA curve using Formula (2) (see Figure 2):

wh

(2)

Tw¢ temperatures shall be selected and the difference in temperature AT) shall be calculatefd.
The corresponding change in length AL shall be determined from the TMA curve.

The value of the mean coefficient of linear thermal expansion, é5shall be calculated to the n

K-1

nea

Cal

Int

sha

Key]

_ AL 1
O=——X—
AT Ly
I'T
Ly is the length of the specimen, in micrometres, at room temperatusxe;
AL is the difference in length, in micrometres;

AT (=T, —-T;) isthe temperature difference, in kelvins.

for each specimen. The mean of these individual valu€s shall be calculated and roun
fest 1076 K1,

ulation of the corresponding representative tempébature is specified in 8.1.4.

he case of a test specimen exhibiting a glass transition, the coefficient of linear thermal
| be calculated before and after the glass transition.

L

barest 1077
ded to the

expansion

length of the specimen
temperature

T1, T, limits of the temperature range AT used for determination of the mean coefficient of lin

©IS

expansion
change of length AL between temperatures T; and T,

change of temperature AT between temperatures T; and T,

ear thermal

Figure 2 — Determination of mean coefficient of linear thermal expansion &
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8.1.2.2 Method B: Determination with reference specimen

For this method, the length of the test specimen and the reference specimen L, shall be the same. The
mean coefficient of linear thermal expansion &, in reciprocal kelvins (K1), between two temperatures
T; and T, shall be obtained using Formula (3):

ALSpm - ALRef

A=— 4+ (et (3)
Lyx(T, =Ty)
where

o is the mean coefficient of linear thermal expansion of the test specimen, in reciprocalkelyins
(K1)

Ly isthe length of the test specimen and reference specimen, in micrometres, at room témperature

T, is the lower end of the temperature range, in degrees Celsius, used to, hieasure the mean
coefficient of linear thermal expansion

T, is the higher end of the temperature range, in degrees Celsius, used to measure the mean

coefficient of linear thermal expansion

ALgyry| is the difference in test specimen length, in micrometres¢bétween T; and T, i.e. the mgas-
ured value of [(length at T,) - (length at T} )]

ALggs | is the difference in reference specimen length, in micrometres, between T; and T , i.e]the
measured value of [(length at T, ) - (length at:T )]

ORer | Is the value of the mean coefficient of lineay thermal expansion of the reference specirpen,
in reciprocal kelvins, between T; and T,

The value |of the mean coefficient of linear thermal expansion & shall be calculated to the neafest
10-7 K-1 for each specimen. The mean of these'individual values shall be calculated and rounded to|the
nearest 107 K-1.

Calculatior) of the corresponding repfesentative temperature is specified in 8.1.4.

In the case|of a test specimen exhibiting a glass transition, the coefficient shall be calculated before pnd
after the glass transition.

NOTE1 Any material with)known constant and reproducible coefficients of linear thermal expansion cah be
used for thelreference spécimen. Suitable examples include aluminium, gold, silica, sapphire, etc.

NOTE 2  §ome instruments can measure the difference in length between the test specimen and the referg¢nce
specimen Alg,,, $ALg s directly.

8 1 3 Gl. S Erancitinn tanan ot
" . S LI AIIJINIVIX l\alll}l\fl dALTUUL U

The glass transition temperature shall be determined as the point of intersection of the tangents to the
TMA curve before and after the transition (see Figure 3).

NOTE The extrapolated glass transition onset temperature T, and the extrapolated glass transition end

ig
temperature Ty, can be determined from a differential TMA (DTMA) curve as the points of intersection of the
tangent at the point of inflection with the extrapolated baseline before the glass transition and the extrapolated
baseline after the glass transition, respectively. The width of the transition region is given by Totg —Teig -

6 © IS0 2021 - All rights reserved
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L dL/dT

Key
L
T

length of the specimen
temperature

dL/qTslope of the TMA curve

Ul s W N

8.1

The
of t
spe

8.2

An
ran
and|

differential TMA (DTMA) curve (corresponding to the right ordinate@xis dL/dT)
TMA curve (corresponding to the left ordinate axis L)

glass transition temperature Tg

extrapolated glass transition onset temperature T,

extrapolated glass transition end temperature T,

Figure 3 — Determination of glass transition temperature

4 Representative temperature

corresponding representative temperatures (see 3.2) for the determination of the mean ¢
hermal expansion specified in 8.1%:2.1 and 8.1.2.2 shall be calculated to the nearest +0,1
Cimen. Calculate the mean ef these individual values and round to the nearest whole nun

Precision

nterlaboratory testing for method A has been performed in the USA, and the results shoxy
ping from +2,6 % to £12 %. An interlaboratory testing for method B has been performg
the results shew a coefficient of variation ranging from 0,99 % to 14,37 %. (See Annex A {

Testreport

Thd

oefficients
°C for each
ber.

v precision
d in Japan,
or details.)

tést report shall include the following:

f)

areference to this document, including its year of publication, i.e. ISO 11359-2:2021;

all details necessary for complete identification of the material or product tested (lot number, etc.);

the type of test specimen used, its dimensions, the method of preparation and its orientation with

reference to the sheet or article it was taken from;
details of the conditioning of the test specimen, if applicable;
the type of TMA equipment used;

the shape and dimensions of the probe;

© IS0 2021 - All rights reserved
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g)
h)

j)

k)

D)

the materials used for calibration purposes and the values obtained;

the experimental conditions used for the determination, i.e. the rate of heating, the test atmosphere,
the rate of gas flow (if any), the temperature range over which the mean coefficient of linear thermal
expansion was measured and the representative temperature;

details of the reference specimen used;

the results of the test, i.e,, the value of the coefficient of linear thermal expansion a for each
specimen, the mean of @ and the standard deviation, the value of the mean coefficient of linear
thermal expansion & for each specimen, the mean of & and the standard deviation, the glass
transifion temperature and the I MA curves obtained,

detailq of any operation not specified in this document and/or agreed upon between the\parfties
concerjned;

the date(s) of testing.
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