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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
ical standardization.
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Introduction

When a constant strain is applied to rubber, the force necessary to maintain that strain is not constant
but decreases with time; this behaviour is called “stress relaxation”. Conversely, when rubber is
subjected to a constant stress, an increase in the deformation with time takes place; this behaviour is
called “creep”.

The process responsible for stress relaxation can be physical or chemical in nature, and under all normal
conditions both types of process will occur simultaneously. However, at normal or low temperatures
and/or short times, stress relaxation is dominated by physical processes, while at high temperatures
and/orlong times chemical processes are dominant

| property of
nsion can be
iece exposed
of time.

Stres
sealin
used
to an

relaxation tests in compression are suitable for obtaining a measure of the function3
g force and procedures are given in ISO 3384 (all parts). Stress relaxation tests-in te
hs a measure of ageing as chemical processes will dominate in the case of a thintest p
atmosphere containing oxygen at an elevated temperature for relativelydong periodg

Therg
a)
b)

are two variants of the technique. Measurements of stress can be nfade under eithe;

bntinuous strain conditions, or

(@]

intermittent strain conditions.

In thq case of a), continuous strain conditions, the test piecedis held in extension througho
periofl in the oven. In the case of b), intermittent strain cénditions, the test piece is aged i
the upstressed state but, at periodic intervals, it is stretched to a fixed extended length foy
in order to determine the stress.

ut the ageing
h the oven in
a short time

NOTE
to deg

1 The terms “continuous stress relaxation®'and “intermittent stress relaxation” are cdg
cribe the two principal variants of the technique. The latter term, “intermittent stress rq

mmonly used
laxation”, is a

misnoj
this ré

mer since no true relaxation of stress occurs and indeed the measured stress can increase
ason, the use of this term has been aveided in this document although it is fairly well estd

literatjure.

Inas
agein

econd version of the intermittent test, the test piece is periodically removed from th
b atmosphere and the stress is measured under normal laboratory conditions. The

this nmhethod is that it does nat yequire the use of special apparatus since a conventional tg

with time. For
blished in the

e accelerated
hdvantage of
nsile-testing

machjne can be used for theymeasurement of stress.

information
ntary: under
the decay of

Measfirements made ii-accordance with the methods described in this document provide
about the structurdl ¢hanges that occur in the rubber during ageing, and are compleme
contifpuous strain*conditions, provided physical relaxation processes are not dominant,
stresg provides)a measure of the degradative scission reactions in the network. Any n¢w networks
formgd as aresult of crosslinking reactions are considered to be in equilibrium at the test strain with
the mlaindheétwork and, therefore, do not impose any new stresses. Under intermittent strain conditions,
the deéay of stress provides a measure of the net effect of both degradative scission andl| crosslinking

reactions.

NOTE 2 Even under conditions conducive to chemical processes, some physical relaxation can occur. The
extent to which it does so will depend on the viscoelastic characteristics of the rubber and on the test conditions
and care should be exercised in the interpretation of the results. Physical relaxation is increased by fillers and
will be more evident at short times and at lower temperatures. It is often found to be proportional to logarithmic
time and is less temperature sensitive than chemical relaxation.

The validity of the methods described in this document depends on the uniformity of degradation in
the rubber. For this reason, the thickness of the test pieces used is 1,0 mm to minimize the effect of
oxygen diffusion on ageing.

The change in stress can be of direct interest, but the relative resistance of rubbers to ageing will depend
on the properties being measured or required by the application. This document should, therefore, be
regarded as complementary to ISO 188.

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=7cecd089cdf37fda3f4c02aca3cc22fd

ISO 6914:2021(E)

The lifetime of the material, if this is to be investigated, can be determined using the procedures
described in ISO 11346.

The most important factor in achieving good repeatability and reproducibility when making these tests
is to keep the temperature and the elongation constant during all measurements.
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https://standardsiso.com/api/?name=7cecd089cdf37fda3f4c02aca3cc22fd

INTE

RNATIONAL STANDARD

ISO 6914:2021(E)

Rubber, vulcanized or thermoplastic — Determination of
ageing characteristics by measurement of stress relaxation
in tension

WARNING 1 — Persons using 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. Itis the responsibility of the user to establish appropriate safety and health prac

ctices and to

deter

WAR
of su
Refern

mine the applicability of any other restrictions.

NING 2 — Certain procedures specified in this document can involve theuse o}
bstances, or the generation of waste, that could constitute a local environme
ence should be made to appropriate documentation on safe handlingand dispos

1

given

Meas

ope

ThijI:ocument describes three methods for the measurement of the ‘change of stressin a

elongation for the purpose of determining the ageing charagteristics of a rubber.
ethod A is intended for measurement under continuous.strain conditions.
ethod B is the preferred method for measurementiunder intermittent strain conditi

ethod C is an alternative to method B for measurement under intermittent strain
hich the test piece is removed from the ageing environment for measurement of
fandard laboratory temperature.

irements at a single elevated ageihg temperature can be used for quality cont

as a mpeasure of heat-ageing resistanee;xMeasurements at a number of temperatures caf

resea
the pi

Tests

Fch and development purposes to estimate long-term ageing characteristics in acc
ocedures described in ISO 11346.

under continuous and intermittent strain conditions measure the results of differe

and hence do not give the §ame results. The results of the intermittent methods B and C a

expec

2 N

The f]
const|

ted to be the same'ds they use different test conditions.

ormative.references

bllowing*documents are referred to in the text in such a way that some or all of
tutés{requirements of this document. For dated references, only the edition cited

undaf

edreferences, the latest edition of the referenced document (including any amendmg

" generation
ntal hazard.
al after use.

est piece at a

ns.

ronditions in
the stress at

"ol purposes
| be used for
rdance with

ht processes,
so cannot be

their content
applies. For
ents) applies.

ISO 188:2011, Rubber, vulcanized or thermoplastic — Accelerated ageing and heat resistance tests

ISO 5893:2019, Rubber and plastics test equipment — Tensile, flexural and compression types (constant
rate of traverse) — Specification

ISO 18899:2013, Rubber — Guide to the calibration of test equipment

ISO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test methods

3 Terms and definitions

No terms and definitions are listed in this document.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

4 Principle

A test piece of vulcanized or thermoplastic rubber is elongated to a predetermined tensile strain and
the force measured as a function of time in combination with exposure of the test piece to an elevated
temperature.

In method A

In method B
This process

In method C
temperature
condition.

5 Appars

5.1 Stress
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although thip

extension.

5.2 Tensil
min and com
within + 1 %

The machine

the extension is applied and the force measured over time at the test temperature,

the extension is applied, the force measured and the strain relaxed at the test temper
is repeated at intervals.

the extension is applied, the force measured and the strain relaxed at.standard labof
at intervals between which the test piece is exposed to the test temperature in the r¢g

jtus

relaxometer, (for method A or B) consisting of two gtips which hold the test piece w
fixed extended length (to within + 1 %) together, with a means of measuring and reca
he test piece.

11l be arranged such that the test piece can'be positioned in an oven. The force-meas
e, for example, a calibrated spring or electronic load cell, but it shall be accurate and
% of the force reading throughout the duration of the test.

B, the stress relaxometer shall, inaddition, be equipped with a device such that th
extended and relaxed at intervals. Repeated extension of the test piece shall be const
of the elongation.

ichine equipped with a_temperature-controlled cabinet can be used as a relaxo
is inconvenient for\long times and necessitates manual intermittent application

p-testing machine, (for method C) using a constant rate of traverse, operating at 50

of themeasured value).

shall be capable of cycling between fixed strain limits which are accurate to within

hture.
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page.

5.3 Oven, complying with the requirements specified for ISO 188:2011, method A (low air speed) or

method B (hi

gh air speed), for ageing the test piece.

6 Calibration

The requirements for calibration of the test apparatus are given in Annex A.
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7 Test pieces

7.1

Type and preparation of test pieces

Test pieces shall be parallel-sided strips cut from a sheet. For the tests described in document, it is vital
to ensure uniform degradation in the rubber. For this reason, the thickness of standard test pieces shall
be (1,0 £ 0,05) mm in order to minimize the effect of oxygen diffusion on ageing.

Samples of uniform thickness of less than 1,0 mm or more than 1,0 mm can be used, but these can give

differ

NOTE

ent results.

of the

Altert
requi
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increased effect of oxygen diffusion at higher temperatures.

natively, product parts or complete products can be used as test pieces taking intg
rement for thickness.

The other dimensions of the test pieces, i.e. width and length, shall be chosetto suit the

the lo
thatt

7.2
The t

7.3

The p
tests,

ad-measuring device and the precision of the mechanism used for adjusting the sti
he requirements of 5.1 and 5.2 relating to the accuracy of the force and the strain arg

Measurement of test piece dimensions

pst piece dimensions shall be measured as specified in:lSO 23529.

Number of test pieces

referred number of test pieces is three for gach test temperature, but for routine a
one or two test pieces are acceptable.

8 Storage and conditioning

The t

Mater
vulca
ofad
as anf

Test
speci

9 T

me interval between forming and testing shall be in accordance with ISO 23529.

ial and test pieces shall.be protected from light as much as possible during the intel

fferent composition.\This is necessary in order to prevent additives which can affect
ioxidants, from migrating from one vulcanizate into other vulcanizates.

ieces shall be.conditioned for a minimum of 3 h at one of the standard laboratory 4
ied in ISO. 23529 immediately before testing.

est.conditions

peous because

account the

sensitivity of
ain, in order
satisfied.

nd screening

'val between

hization and testing. They shall not be allowed to come into contact with test sheets and test pieces

ageing, such

emperatures

9.1
The d
1h,2

Duration of test

uration of test should preferably be chosen from the following series:

h,4 h,8h, 24 h, 72 h, 168 h, and multiples of 7 d.

For methods A and B, the test period shall be considered to commence when the initial force
measurement is made. For method C, the test period shall be considered to be the time in the oven,
excluding the time for cooling and the measurement of force.

Alternatively, the test can be stopped when the stress indicator, expressed as the ratio of the force, F,, at
time ¢ to the initial force, F, (see Clause 11), reaches a predetermined value (e.g. 0,5).
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9.2 Temperature of exposure

The material being tested should preferably be examined at a series of temperatures at intervals of at
least 10 °C. If the test pieces are exposed at only one temperature, this shall be chosen from the series of
temperatures given in ISO 23529.

The temperature shall be kept as constant as possible during the test, with a tolerance of + 2 °C for
standard laboratory temperature, + 1 °C for all elevated temperatures up to 100 °C, and * 2 °C for all
elevated temperatures above 100 °C.

It is crucial for the best results that the temperature be kept as stable as possible during the test for two
reasons.

As the tempe
be recognize
reliable is th

10 Proced

10.1 Methg

Carry out tes

a)
b)

c)

d)
e)

Temperd

and incliiding 300 °C. However, studies have shown that a 1 °C change in temperaturecorres

toa109
that two
each oth
accurate
to setth
calibrati

The voly

variatiof will cause a variation in the force reading.

Mount the test piece in the prehéated grips in the unstrained condition.

Position

(5 + 0,5
tempera
55 % an
the case
be that (|

ture tolerances in ISO 23529 are + 1 °C up to and including 100 °C and * 2 °C for 125 °C

difference in ageing time at an Arrhenius factor of 2, or 15 % at a factor of 2;5: This 1
laboratories carrying out ageing at 125 °C can have ageing times which differ by 60 %

as possible by placing a calibrated temperature sensor close to the test pieces and us

pn certificate to get as close as possible to the true temperature:

me expansion of rubber is 10 to 20 times greater than_that of steel, and a tempe;

brature is increased, the exposure time might need to’be reduced. Furthermore, it s
d that the greater the disparity between the ageinig and the service conditions, th
e correlation between the ageing and the servige tife.

ure

)d A

ting in the following manner:

the grips and test pieceé in the oven preheated to the test temperature.

) min after the-temperature measured close to the test piece has reached th
fure, stretchthe test piece, in not more than 1 min, to an elongation between 45 9
1 hold it to,within 1 % of that elongation. A smaller elongation can be used, for insta
of rupture of the test pieces, when (20 * 2) % is preferred. The initial force, F, is tal
b + 0,5) min after stretching the test piece.

up to
bonds
neans
from

er and still be within the specification. To get accurate results, keep thé temperatiire as

e this

e oven so that the temperature at this position is correct. Use the cefrection factor from the

ature

hould
e less

b test
o and
nce in
ken to

Record

o Fnrr‘n, F'L_ onthe test pipr‘n as a function of time for the duration of the test

At the end of the test, examine the surfaces of the stretched test piece for signs of cracking using a
lens with about x 7 magnification. If cracking is found, it shall be reported in the test report.

With certain types of rubber, stress relaxation additional to that caused by oxygen and heat can occur
as a result of surface attack by traces of atmospheric ozone. Cracking can invalidate the test and be the
cause of variations between measurements.

10.2 Method B

Carry out testing in the following manner.

a) Mount the test piece in preheated grips in the unstrained condition.
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Position the grips and test piece in the oven preheated to the test temperature.

(5 * 0,5) min after the temperature measured close to the test piece has reached the test
temperature, measure the initial force by stretching the test piece, in not more than 2 s, to an
elongation between 45 % and 55 % and hold it to within 1 % of that value for (10 + 1) s. A smaller
elongation can be used, for instance in the case of rupture of the test pieces, when (20 + 2) % is
preferred.

Note the force and return the test piece to the unstrained condition, in not more than 2 s.

Repeat the measurement of force every hour, after having restretched the test piece to within 1 %
of the initial elongation, computed from the initial length of the test piece.

Other| time intervals between measurements of force can be used, provided they are re}Lorted in the

testreport.

10.3|[Method C

Carry| out testing in the following manner.

a)
b)

c)

d)

f)

g)

h)

j)
k)

Mount the test piece in the grips of the tensile-testing machine in‘the unstrained condjtion.

bt the machine to operate at a rate of grip separation of 50/mm/min.

S

Stretch the test piece to a fixed length corresponding te an elongation between 45 6 and 55 %,
the actual elongation being known to within 1 % of that elongation, and then relax the test piece.
smaller elongation can be used, for instance .in‘the case of rupture of the test pieces, when
(R0 = 2) % is preferred.

ithout delay, repeat the straining cycle five’times. The initial force, F, is taken a$ that on the
fifth cycle.

emove the test piece from the tensile;testing machine.
Place the unstrained test piece in the oven at the required test temperature.

fter 24 h, remove the teSt,piece and allow it to cool at standard laboratory temperature for
(B0 £ 5) min.

ount the test piecéAn the tensile-testing machine and repeat the straining cycle t¢ within 1 %
of the initial elongation five times (the elongation is that used in item c above). For the purpose of
the determination, changes in the length of the test piece as a result of cycling or ageing shall be
ignored.

ote theforce, F,, on the fifth cycle.

eplace the test piece in the oven within 2 h of removing it for testing.

Repeat the measurement at intervals of 24 h. If the change in stress is small, increase the time
interval between the measurements in accordance with the series 3 d, 7 d, and multiples of 7 d.

11 Expression of results

NOTE The rubber industry uses the term equation for the relationships herein termed formula. The term
formula is used to describe the table of ingredients in a rubber compound.

© IS0 2021 - All rights reserved 5
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The tensile stress relaxation, R(t), after a specified duration, ¢, of testing, expressed as a percentage of
the initial force, is given by Formula (1).

0y —0;

Fy—F
R(t)=—"—x100= x100 1)

0 O

where

F, isthe initial tensile force, in newtons;

F, is the tensile force, in newtons, measured after the specified duration, ¢, in newtons;

0y Is the initial tensile stress, in megapascals;
o, Isthp tensile stress, in megapascals, measured after the specified duration, ¢, in megapasgals.

Choose the
be within 1
measured a
the interpre
ratio values,
present the

edian value of the results for the test pieces. The individual values for thejtest pieceg shall
% of the median value. If they are not, repeat the test. Plot the stress’relaxation yalues
er different times of exposure as a function of time on a logarithmic scale to facjlitate
ation of the test data. For some applications, it is more useful¢toncalculate tensile stress
.e. F,/F,, after different time of exposure, rather than stress relaxation values. In thig case,
nsile stress ratio values graphically as a function of logarijthinic time.

12 Testreport
The test repgrt shall include the following information:
a) Sample details:
1) afull description of the sample and its origin;
2) the ethod of preparation of the test piéces from the sample, for example moulded or cut;

b) test method:

1) afull reference to the methodused, i.e. the number of this document. ISO 6914:2021.

3) the fype and dimensions of test piece used;
c) testdetqils:
1) the laboratory*temperature;

2) the fime‘and temperature of conditioning prior to test;

3) the temperature of test if other than standard laboratory temperature;

4) the elongation of the test piece;

5) the type of oven used

6) the duration of exposure;

7) the results of the examination of the surface for cracking (method A only);

8) the time between force measurements if different from the times stated in 10.2 and 10.3
(methods B and C only);

6 © IS0 2021 - All rights reserved
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9) details of any procedures not specified in this document;
d) testresult:
1) the number of test pieces tested;
2) the median value of the test results, expressed in accordance with Clause 11;

e) dates of start and finish of test.

© IS0 2021 - All rights reserved 7
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Annex A
(normative)

Calibration schedule

A.1 Inspection

Before any calibration is undertaken, the condition of the items to be calibrated shall be ascertair
inspection apd recorded on any calibration report or certificate. It shall be reported whether(calib
is made in the “as-received” condition or after rectification of any abnormality or fault.

ed by
Fation

It shall be ascertained that the apparatus is generally fit for the intended purpdse, including any

parameters ppecified as approximate and for which the apparatus does not therefore need
formally caliprated. If such parameters are liable to change, then the need for periodic checks sh
written into the detailed calibration procedures.

A.2 Calibration schedule

Verification/calibration of the test apparatus is a mandatory part of this document. The frequel
calibration and the procedures used are, unless otherwise stated, at the discretion of the indiy
laboratory, ulsing ISO 18899 for guidance.

The calibration schedule given in Table A.1 has been conipiled by listing all of the parameters spe
for the appaifatus, together with the specified requirement. A parameter and requirement can rel

the main tesf apparatus, part of that apparatus or té.an ancillary apparatus necessary for the test.

For each pa(rameter, a calibration procedurelis indicated by reference to ISO 18899, to an
publication ¢r to a detailed procedure partietular to that test method (whenever a more speci
detailed calibration procedure than in IS0:18899 is available, it shall be used in preference).

The verificatiion frequency for each parameter is given by a code letter.

The code-letters used in the calibration schedule are:

C reqyirement to beeonfirmed but no measurement;

S stanldard intetrval as advised in ISO 18899.

to be
all be

cy of
ridual

cified
ate to

other
fic or
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