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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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Introduction

Usually, stress relaxation tests (see ISO 6914) are performed at constant temperature conditions
because temperature has a strong impact on the relaxation time constants of rubber materials.
Depending on the respective relaxation time constant or, more realistic, relaxation time spectrum,
those measurements are more or less time consuming and can require testing times of several days,
weeks or even months. Accelerated stress relaxation tests can be performed under non-isothermal
conditions, if the temperature is increased at a certain constant heating rate, because relaxation
processes are thermally activated and therefore occur faster at higher temperatures. Thus, the entire
stress relaxation behaviour of the material can be scanned within a short period of time, typically a few
hour
offer
TSSH tests cannot replace conventional isothermal stress relaxation measurements,but ar¢ considered
as a gomparative test method, e.g. for the purpose of material pre-selection or in order to d¢termine the
statg of crosslink density — which is an important reason for ageing phenomena=)of a sample.

Duripg non-isothermal testing, the material undergoes not only stress relaxation, but additional
phenomena occur which need to be considered by adequate corrections. Most important|in this case
is an|increase of retractive forces due to the Gough-Joule effect and, thermal expansion of{the sample.
Whereas the latter can be numerically compensated by consideringa proper value of thg coefficient
of thermal expansion (CTE), the increase of retractive forces offer the opportunity to dalculate the
crosglink density of the material, based on fundamental theory of rubber elasticity. Furthermore,
an ephanced sensitivity of the test, with respect to specific relaxation processes is achieved by
detefmination of the first derivative of the measured¢stress-temperature curve. Similpr to stress
relayation measurements in the time domain, the latter can be used to calculate a corresponding
relayation temperature spectrum, instead of a relaxation time spectrum.

© IS0 2023 - All rights reserved v
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Rubber, vulcanized or thermoplastic — Determination of
stress in tension under non-isothermal conditions
WARNING 1 — Users of this document should be familiar with normal laboratory practice. This

document does not purport to address all of the safety problems, if any, associated with its use. It
is the responsibility of users to establish appropriate safety and health practices and determine

the applicability of any other restrictions.
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document describes two methods for measuring stress in tensionunder non-isotherm

Method A: The thermal stress is measured for various presstrain and temperature c
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Method B: The change of stress is measured in a testpiece at a given strain and under
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

|
I

©ISO

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

EC Electropedia: available at https://www.electropedia.org/

2023 - All rights reserved


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=4c16de66ca7376197757a4dec6c84bd3

ISO 12493

3.1

:2023(E)

thermal stress

Or
force per ini

tial unit area that is developed in the test piece upon heating

Note 1 to entry: It is expressed in N/m? or Pa.

3.2

maximum thermal stress

GT,max

peak value of the thermal stress recorded during the test

3.3
thermal sty

Ore
stress indud

3.4
pre-strain
strain to wh

Note 1 to ent

I -1

i*]

Iy ist

3.5
pre-stress

ess after a specified time

ed in the test piece upon heating for a specified time ¢

ich the test piece is subjected at the beginning of the test

Fy: Itis expressed as:

00

T tIe initial length;

e length after strain.

force per initial unit area that results from'the pre-strain

Note 1 to ent

4 Princi

A test piece
stress resul
of the test

in method |
temperatursy

Fy: It is expressed in N/mZox Pa.

ple

is held at a constant pre-strain in a tensile mode at a constant temperature. When the
'ing from the'given pre-strain has reached an apparent equilibrium value, the temper
piece is-in¢reased. In method A, the test temperature is reached as quickly as pos
B, heating is carried out at a constant rate. The thermal stress developed at the eley
b is'measured.

pre-
ture
sible,
rated

5 Apparatus

5.1 Test machine

5.1.1 General

The setup of the measuring devices can be done in different ways. Two possibilities are described below.

5.1.2 The

rmal-stress testing machine

An example of a test machine for measuring the thermal stress developed in rubbery materials when
heated is shown in Figure 1. Two clamps hold the test piece in a temperature-controlled chamber, with

2
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the upper clamp connected to a load cell and the bottom clamp connected to a crosshead. The crosshead
is moved using a screw driven by a motor to impose a pre-strain on the test piece. The thermal stress
developed when the temperature is raised is transmitted to the load cell and the output is recorded to
give the variation in stress as a function of time.

The test machine shall be in accordance with ISO 5893 with force measurement to class 1 and the
machine shall be capable of setting the pre-strain to within +0,1 at a speed of (20 * 2,5) mm/min.

- 3
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Figure 1 — Example of thermal-stress testing machine

The temperature-controlled chamber shall be capable of raising the temperature at a rate of at least
30 K/min and maintaining the test piece at the required temperature as specified in ISO 23529. A
suitable volume for the chamber is 31to 5 I. A temperature-sensing device shall be located within the
chamber near the test piece.

Load cell and crosshead shall be in accordance with ISO 18899:2013.

5.1.3 Stress relaxometer

Another example of a test machine consists of an electrically driven linear actuator equipped with two
grips, which hold the test piece without slipping at a fixed extended length (to within +1 %) together
with a means of measuring and recording the force on the test piece.

©1S0 2023 - All rights reserved 3
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The grips shall be arranged such that the test piece can be positioned in an oven. The force-measuring
system may be, for example, a calibrated spring or electronic load cell, but it shall be accurate and stable
to within +1 % of the force reading throughout the duration of the test.

The force measuring system and strain measuring system shall be in accordance with the requirements
specified for ISO 18899:2013.

5.2 Oven

The oven shall be in accordance with ISO 188:2011, cell-type oven, for testing of a single test piece. For
the heating chamber, other shapes than cylindrical are acceptable.

5.3 Thickness- and width-measuring devices
Instrument§ for measuring the thickness and width of the test piece shall be in acéérdance [with
[SO 23529.
6 Calibration

The test apparatus shall be calibrated in accordance with the schedule givenyin Annex A.

7 Test plece
7.1 Dimensions

7.1.1 Method A:

The test pig¢ce shall be prepared by cutting from(noulded flat sheet and shall have the shapg and
dimensions shown in Figure 2. In addition, the thickness shall be (2 + 0,2) mm. The test piece shalljhave
a smooth sufrface and be free from irregularjtiés:

Dimensions in millimetres

152
100 +0,5 i %\
| ¥
e g
] t T~ 1 l
= 2/
16 10 T &/

Figure 2 — Test piece for thermal-stress measurements

7.1.2 Method B:

Wherever possible, the test specimens shall be dumb-bell-shaped, e.g. types 2 or 4 in accordance
with ISO 37:2017. The test piece shall be prepared by cutting from moulded flat sheet. In addition,
the thickness shall be (2 + 0,2) mm. The test piece shall have a smooth surface and be free from
irregularities. For certain applications, both smaller and larger samples can be used.

4 © IS0 2023 - All rights reserved
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Number of test pieces

The preferred number of test pieces is three for each set of test conditions, but for routine and screening

tests

7.3

, one or two test pieces are acceptable.

Time lapse between moulding and testing

The time interval between vulcanization and testing shall be in accordance with ISO 23529.

7.4 Conditioning

Test |pieces shall be protected from light as completely as possible during the interyal between
vulcgnization and testing.

Test [pieces shall be conditioned at a standard laboratory temperature for at l€ast 3 h immediately
before being measured and tested.

If the test is to be carried out at a starting temperature other than a standard laboratory temperature,
the test pieces shall be conditioned at the test temperature immediately-prior to testing [for a period
suffitient to ensure that they have reached the test temperature (see JS0"23529).

If materials are tested, which need a relaxation process afterésample manufacturing (g.g. injection
molding for thermoplastic elastomers), a tempering process of\2'h at 80 °C is recommend¢d to reduce
the viariation of the measurement results.

8 Test conditions

8.1 | Heating rate and temperature interval under investigation

MetHod A: The elevated temperatures shall be selected from those specified in ISO 2B529 unless
otherwise necessary for technical reasons. Recommended test temperatures are 60 °C,| 100 °C and
140 9C.

Method B: The duration of testsdepends on the heating rate and on the temperature inflerval under
invegtigation. Preferably, a heating rate of 2 K/min shall be applied, if appropriate. The femperature
interjval under investigation'shall be adapted to the decay of the stress.

The test shall be stopped at sample rupture or when the stress approaches zero. Alternatiyely, the test
can e stopped when the stress indicator, expressed as the ratio of the force, F,, at time t {o the initial
forcd, F, reaches@predetermined value (e.g. 0,5).

Duripg the entire test, the force shall be monitored as a function of temperature, whegre the data
acqujsition rate shall be sufficiently high. For tests performed with a heating rate of 2 K/min, the data
acqujsitien rate shall have a value of at least 1 data point per second. In case of other heatir'% rates, data
acqujsifion rate shall be adapted appropriately.

8.2 Strain of the sample

Method A: A minimum of three pre-strains at each temperature shall be selected. Recommended pre-
strains are 20 %, 40 % and 60 %.

Method B: Preferably, a strain of 50 % should be applied to the sample. Alternatively, in case of filled
vulcanizates, a strain of 100 % might be more appropriate in order to reduce the influence of filler-
filler interactions. The strain ¢, is defined as the percentage difference of the distance L between the
clamps in the final position, and the distance of the clamps L in initial position, with reference to the
distance L. Other strain values are acceptable, if appropriate. For instance, in case of samples of very
high hardness or low value of ultimate strain, lower strain values are recommended.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=4c16de66ca7376197757a4dec6c84bd3

IS0 12493:2023(E)

Note that due to thermal expansion of the material, the initial length L, of the sample increases if a
temperature scan is performed starting at initial temperature T, up to higher temperatures T. In
consequence, the thermal expansion of the sample leads to a decrease of strain, and thus contributes to
a decrease of stress, independently of the (true) stress relaxation of the sample. The thermally induced
variation of strain during a non-isothermal TSSR (temperature scanning stress relaxation) test can be

given by Formula (1):

L

€.(T)=

where

Lo(l+a-(T-Ty))

1 (1)

Lo
L

a
int

To minimiz4
50 %. The ii
Because of {
clamps (sanj

9 Procedure

9.1 Meth

Mount a tes
pre-strain b
the test pie

is the initial distance at temperature T;
Is the final distance of the sample holders at temperature T;

is the coefficient of linear thermal expansion of the sample. For rubber, typicalyalues for

he range of 1 to 3 x 10-4 K141,

 the influence of thermal expansion, TSSR experiments is notperformed at strains b
nitial length of the sample is the free length of the parallel part of the dumbbell test
he form-fitting connection between sample and sample-holder, the initial distance g
ple holders) and the free length of the parallel part of the'"dumbbell test piece are iden

od A

L piece in the clamps at a standard laboratory temperature and elongate it to the reqy
y movement of the crosshead at a:speed of (20 + 2,5) mm/min, as shown in Figure 3.
fe at the constant pre-strain untib the pre-stress resulting from the pre-strain reach

apparent eq
the temper

the heating pegins (designated as zero-time). Monitor the development and decay of the thermal s

asa functioaIE

Unless othe
with three

pilibrium value. This will be after about 30 min. Then, reset the load cell to zero and inc}
ure to the required test temperature. Start recording the thermal stress immediately

of time. The minimum duration of the test shall be 30 min.

Fwise specified, cdrry out the test to obtain results at a minimum of three temperat]
re-strains at eagh’temperature.

(x are

elow
iece.
f the
tical.

hired
Hold
PS an
ease
after
tress

ures,
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9.2.1
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samyj
perid
The {

a)
b)

)

NOTH

can

ISO 1249

Figure 3 — Schematic diagram of a test piece with clamps at a constant pre-st

Method B

Isothermal test period

[-term relaxation processes lead instantly.té’a more or less strong decay of stress af
le has been elongated to a certain strain, At room temperature, the time constants of
axation processes are very high. Conseguently, the instantaneously stress decay is lim
le reaches a quasi-equilibrium stat€ within a period of some hours. Therefore, the iso

estis carried out in the following manner.
Mount the test piece in thé sample holder in the unstrained condition.

After inserting the test)piece stretch the test piece to a strain within 1 % of the prefer
%0 %. The final strain shall be reached within 1 min. A smaller strain can be used, fo1
tthe case of rupture of the test pieces, when (20 + 1) % is preferred. The initial force, F,
that (5 £ @;5)'min after stretching the test piece.

Ie
ecord the)force, F,, on the test piece as a function of time for the duration of the tes
2 h.

If the isothermal test period is less than 2 h, the decay of stress due to short-term relaxat
ave a Strong Intiuence on the Tesults of the SUDSEqUently performed non-isothermal test. 1

3:2023(E)

rain

ter a rubber
he majority

ited and the

thermal test
d is used for conditioning the sample before the non-isothermal test (temperature scan) is started.

red strain of
instance in
, is taken to

[, preferably

on processes
nerefore, test

results are only comparable if the tests were performed with equal duration of the isothermal test period.

9.2.2 Non-isothermal test period (TSSR, temperature scanning stress relaxation test)

Immediately after the isothermal test period has been completed, the non-isothermal test period is
started in the following manner.

a)
b)

Record the initial force, F .

Increase the temperature of the oven with a constant heating rate of (2 + 0,05) K/min.

other heating rates are acceptable.

NOTE
were obtained with different heating rates, are not comparable.

© IS0 2023 - All rights reserved
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c) Stop the test at sample rupture, when the force approached zero or when the force ratio F, \/F y
reaches a predetermined value (e.g. 0,5 or 0,1).

d) Record the force, Fyy on the test piece, and the temperature T, measured by means of a sensor
placed close to the surface of the sample, as a function of time for the duration of the test. The
sampling rate of the data acquisition should be one data point per second of each quantity in case of
a heating rate of 2 K/min. In other cases, the sampling rate shall be adapted accordingly.

10 Evaluation of the data and expression of results

10.1 Methpd A
Plot the thefmal stress in the test piece as a function of time. From the graph, obtain the, maximum
thermal stress, the time to reach the maximum thermal stress, and the thermal stressrat.d spegified
time, which|shall be taken as 20 min unless otherwise specified.
An example|of the thermal stress of an unfilled natural rubber (NR) vulcanizate at aspre-strain of #0 %
is shown in Figure 4 as a function of time at three different temperatures.
Y &

0,1 T T T T T

005F /. + . 100 °C .

0o L 60.°C |

/140 °C
i
0,05 | N |
-0,1 I | hY | | l -
0 5 10 15 20 25 30 X

Key
X t,min
Y o, MPa

Figure 4 — Thermal stress at various temperatures of an unfilled NR vulcanizate at a pre-strain
of 40 %

Another example of the thermal stress of an unfilled NR vulcanizate at a test temperature of 100 °C is
shown in Figure 4 as a function of time at three different pre-strains.

8 © IS0 2023 - All rights reserved
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Y A
0,1 T T T T T
g A /3
0,05 - — - T
T 2
0 T _ |
1 —
-0,05+ -
_0'1 | | 1 | | »
0 5 10 15 20 25 30 X
Key
X 4 min
Y g, MPa
1 re-strain 20 %
2 re-strain 40 %
3 re-strain 60 %

Figure 5 — Thermal stress at various pre-strains of an unfilled NR vulcanizate at a test
temperature of 100 °C

10.2 Method B

If degired, the data of thelisothermal test period may be evaluated in accordance with ISQ 6914:2013,
Clause 8. Otherwise,.enly the data acquired during the non-isothermal test period arf subject of
evalyation.

The fensile stress, o, at a specified temperature, T, of testing is expressed as the ratio of the measured
forcg, F, y, atithe corresponding temperature and the cross section, 4, of the sample in the unloaded
initigl state.

The Jrfitial tensile stress, oy, is the stress measured at time of start of the test, and corresponds to the
initial temperature T,

The relaxation modulus, E7, at a specified temperature T, is given by the ratio of the stress o} and the
strain g,.

The tensile stress ratio, op/0, is plotted graphically as a function of temperature. A curve, obtained
from a thermoplastic elastomer, is shown in Figure 6.

The selected temperature, T,, i.e. Ty, T5, or Ty, stands for the temperature at which the tensile stress
ratio, o1/0, has decreased about x % with respect to the initial tensile stress o,

©1S0 2023 - All rights reserved 9
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The TSSR index, is given by Formula (2).

(2)

Tyo O
J‘ 90 —TdT
Too —To
NOTE The TSSR index is sometimes called the relaxation index (RI).

Y
1 -
0,8 +
0,6 -
0,4
0,2 1
0 To| T1o . .  Tsa Too

Key
X T°C
Y o/og

In case of

behaviour, i
by the pher
described b

g

Figure 6 — Typical stress ratio curve of a thermoplastic elastomer

d
dT

)

rubber, vulcanized and thermoplastic, an increase of stress due to its entropy elastic
5 observed. During the(TSSR test, the increase of stress is more or less overcompensated
omenon of stress rélaxation. Nevertheless, the initial slope of the tensile stress clrve,
y the temperature cOefficient, k,, gives information about the entropy elastic behavigur of
the material.

nture coefficient is given by Formula (3):

(3)

The temper
where
T

1

is the temperature at the first point of inflection of the tensile stress curve, as illustrated in Figure 7.

NOTE1  The curve illustrated in Figure 6 is typical for thermoplastic elastomers. Vulcanized rubber samples
exhibit an extended temperature range, up to a temperature higher than 100 °C, of increasing stress.

10
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Y

1,01 - _

1 /

0,99

TO TI
0‘98 T T T T T T T T
20 25 30 35 X

Key
X T-°C
Y dq/o,

Figure 7 — Illustration of determination of the‘temperature coefficient, k

NOTHE 2 In case of ideal rubber elasticity, almost represented by unfilled rubber networks, acc
statigtical theory of rubber elasticity, the temperature, coefficient is related to the crosslink den

netw

wher]

brk according to Formula (4):

£=(30/3T), =v-R-(A-A7%)

e R is the universal gas constant afid\ is the extension ratio. The strain ratio is defined as

of th¢ sample divided by its initial length L,. Thus, the crosslink density of an unfilled rubber ne
deterjmined easily by means of a TSSR-test. In the more practical case of filled elastomers, the cross

calcu

fated from Formula (4), gives) an apparent value, which can be useful for comparison with

samplles of almost identical comppsition.

The

value of the non-iSethermal relaxation spectrum, H, at a specified temperature, T,

Formula (5):

with

prding to the
sity, v, of the

(4)

the length, L,
twork can be
-link density,
n a series of

is given by

(5)

where

Pandt arethe heating rate and the time after start of the non-isothermal test period, respectively.
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NOTE 3  As the relaxation spectrum, H, is obtained by differentiation of the stress signal, it is more sensitive
with respect to structural changes of the sample than the original stress signal. This is advantageous in the
exploration of physical and chemical relaxation mechanisms of rubber, vulcanized and thermoplastic. It has been
shown that specific relaxation mechanisms result in well distinguishable peaks, if the relaxation spectrum, H, is
plotted against temperature. For demonstration, two examples are shown in Figure 8 and Figure 9. In Figure 8
the relaxation spectrum of an unfilled rubber, vulcanized by means of a sulfur cure system is represented. It
is seen that the relaxation spectrum exhibits a significant double peak in the temperature range of 150 °C to
200 °C. This is attributed to the cleavage of sulfur bridges and scission of the polymer main chain. In Figure 9 the
relaxation spectrum of a commercially available thermoplastic elastomer (TPE), based on a blend of a styrenic
block copolymer and polypropylene is represented. Two separated peaks at about 95 °C and 155 °C are clearly
recognizable in the relaxation spectrum, which correspond to the glass transition of the styrene-hard phase and
the melting temperature of the polypropylene phase, respectively.

Y1 Y2
0,8 - 115
0,6 - 1N
0,4 - 405
0,2 = ~ . - 40
0 T | T | T | T | T _0,5
0 50 100 150 200 X
Key
X t,min
Y, o,MPa
Y, H,MPa
stress

relaxation spectrum

Figurg 8 — Relaxation Spectrum and corresponding stress curve of an unfilled rubber
vulcanizate
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Y1 | Y2
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41
0,2 4 0,5
- - '-......‘-W.T 0
N e,
0 T | T | T | I_
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Key
X f min
Y, ¢, MPa
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Jtress

1lelaxation spectrum

Figire 9 — Relaxation spectrum and corresponding stress curve of a thermoplastic|elastomer
based on:a’SEBS/PP blend

11 Precision

No precision data are currently available for this method.

12 Test report

12.1| Test report Méethod A
The test reportshall include the following information for Method A:
a) a full deseription of the sample and its origin;

b) reference to this document, i.e. ISO 12493:—;

c) testdetails:
1) the standard laboratory temperature used;
2) the time and temperature of conditioning prior to the test;
3) the test temperatures used;
4) the pre-strains used;
5) details of any procedures not specified in this document.
d) testresults:

1) the number of test pieces used,
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