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Foreword

1:2022(E)

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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main changes are as follows:
relative humidity has béemradded as a selection of test condition in the scope (Clause 1)
fest chamber with lumidity control has been specified in 5.2;

specification forhigh humidity test has been added in 5.5 and 9.3;

dumbbell type test piece has been added in 7.4;
pxposure period has been specified in 9.5;
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Introduction

Ozone is generally present in small amounts in the atmosphere. However, even very small amounts
of ozone can cause cracking in susceptible rubbers under tensile strain, resulting in loss of strength.

Hence, it is necessary to test the resistance of rubbers to exposure to ozone.

Because of the uncertainties of natural exposure, testing for ozone resistance of rubbers is normally
done in the laboratory using specially designed ozone cabinets.

Great caution is necessary in attempting to relate standard test results to service performance since
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 notes on the nature of ozone cracking are given in Annex A.

zone concentration, temperature and relative humidity. In addition, tests are carried out
pieces deformed in tension and the significance of attack for articles in service campé quite
ing to the effects of size and of the type and magnitude of the deformation.
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Rubber, vulcanized or thermoplastic — Resistance to
ozone cracking —

Part 1:
Static and dynamic strain testing

WARNING 1 — Persons using this document should be familiar with normal laboratoj
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Itis the responsibility of the user to establish appropriate safety and health/pract
rmine the applicability of any other restrictions.
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of s
Refd
use.

1

This
or tl
cont
relat

Visul
char

Refe

2

The
cons
und{

ISO

ISO
altet]

ISO

ibstances, or the generation of waste, that can constitute a local' environmen
rence should be made to appropriate documentation on safe handling and dis

Scope

document specifies the procedures intended for uséyin estimating the resistance of]
nermoplastic rubbers to cracking when exposedunder static or dynamic tensile st
pining a definite concentration of ozone, at a définite temperature and, if required, g
ive humidity in circumstances that exclude thé effects of direct light.

al observation and/or image analysis are used to evaluate the formation and growth off
rence and alternative methods for'determining the ozone concentration are described in
Normative references

titutes requirements-of this document. For dated references, only the edition cited

| 382, Rubbef./~"Vocabulary

1431-3, Rubber, vulcanized or thermoplastic — Resistance to ozone cracking — Part 3: Rd
nativemethods for determining the ozone concentration in laboratory test chambers

| 8899:2013, Rubber — Guide to the calibration of test equipment

ges in physical or chemical properties'resulting from exposure can also be determined]|

'y practice.
ed with its
ices and to

generation
fal hazard.
posal after

vulcanized
rain, to air
t a definite

cracks. The

[SO 1431-3.

following documents-are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, thelatest edition of the referenced document (including any amendments) applies.

ference and

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1382 and the following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

IEC Electropedia: available at https://www.electropedia.org/
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31

threshold strain

highest tensile strain at which a rubber can be exposed at a given temperature to air containing a given
concentration of ozone without ozone cracks developing on it after a given exposure period

Note 1 to entry: It is important to distinguish threshold strain from limiting threshold strain (3.2).

3.2

limiting threshold strain

tensile strain below which the time required for the development of ozone cracks increases very
markedly and can become virtually infinite

3.3
dynamic s{rain
strain (normally a tensile strain) varying sinusoidally with time at some selected repetition rate or
frequency

Note 1 to enffry: The maximum strain and the repetition rate are used to describe the dynamicstrain conditfions.

4 Principle

Test pieces are exposed, under static tensile strain, under continuous dyfiamic strain, or under alterjnate
periods of dynamic and static strain, in a closed chamber at a specifiéd temperature and, at high qr un
specified hiimidity, to an atmosphere containing a fixed concentration of ozone. The test pieceg are
examined pleriodically for cracking.

Three alterhative procedures are described for exposure and‘evaluation of cracking:

a) The prdsence or absence of cracks is determined afterexposure for a fixed period of time at a given
static sfrain, dynamic strain or combination of dynamic and static strains. The presence or absence
of craclts is determined by visual observation:and/or image analysis. If required, an estimate of the
degree [of cracking is made.

If required, after the exposure, physicallor chemical properties are measured to determing the
deteriofation of the sample materials by comparing with those of the original pieces.

b) The tinje to the first appearancge of cracks is determined at any given static strain, dynamic s{rain
or combpination of dynamic and static strains.

c) The thrjeshold and limitingthreshold strain are determined for any given exposure period by visual
observation and/or infage analysis (valid only for static tensile strain tests).

5 Apparatus

WARNING
minimize th
national safety regulations in the user's country, it is recommended that 0,1 parts of ozone
per million parts of air of the surrounding atmosphere by volume be regarded as an absolute
maximum concentration while the maximum average concentration should be appreciably
lower. Unless a totally enclosed system is being used, an exhaust vent to remove ozone-laden air
is advised.

Attention is drawn to the hlghly toxic nature of ozone. Efforts should be made to

5.1 Test chamber without humidity control (see Figure 1)

This shall be a closed, non-illuminated chamber, thermostatically controlled to within * 2 °C of the test
temperature, lined with, or constructed of, a material (for example aluminium) that does not readily
decompose ozone. The dimensions shall be such that the requirements of 5.7 are met. The chamber
may be provided with a window through which the surface of the test pieces can be observed. A light to
examine test pieces may be installed, but this shall remain switched off at all other times.

2 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=1968ba113a5ae4b875387e3ebbe1fef5

ISO 1431-1:2022(E)

Key

S U1 A W DN R

5.2

This
cont

9 (10}

fest chamber

[0 0zone concentration measurement device
femperature indicator

purifying column

Flowmeter

Fegulator

11

1< o 2
1 [ —
3

7  air filter
8 circulation fan
9  airoutlet
10 heat exchanger
11 ozonizer
12 airinlet

Figure 1 — Example of a test apparatus without humidity control

Test chamber with humidity control (see Figure 2)

shall be a chamber-Complying with the requirements of 5.1 with the addition of bein
rolling the relatiye humidity to within * 5 % of test relative humidity.

b capable of
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2 to ozone concentration8  circulation fan 14 dehumidifier for ozone concentrption
measurement device measurement device
3 temperpture indicator 9 air outlet 15 arrangement to prevent dew
condensation of flowmeter and filte
4  purifyigg column 10 heat exchanger 16 humidity indicator
5 flowmejer 11 ozonizer
regulatpr 12 airinlet
Figure 2 — Example of a test apparatus with humidity control

5.3 Sourfe of ozonized air
The ozonized air shall(be” largely free of nitrogen oxides in order to avoid errors in the ofone
concentratipn. One of.the following items of apparatus shall therefore be used:

a) ultravijlet lamp;

b) silent-discharge tube.

Air used for the generation of ozone or for dilution of ozonized air shall first be purified by passing it
over activated charcoal and shall be free from any contaminants likely to affect the ozone concentration,
the estimation of the ozone concentration or the cracking of the test pieces.

NOTE Interference by oxides of nitrogen, which theoretically can be produced in a silent-discharge tube
using air, is not expected at the low ozone concentrations specified.

The temperature of the source shall be kept constant to within + 2 °C.

The ozonized air shall be fed from the source into the chamber via heat exchanger to adjust its
temperature to that required for the test and shall also be brought to the specified relative humidity

(see 9.3).
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5.4 Means of adjusting the ozone concentration

When an ultraviolet lamp is used, the ozone concentration can be controlled by adjusting either the
voltage applied to the tube or the input-gas or diluent-air flow rate, or by shielding part of the tube
from the UV light. When a silent-discharge tube is used, the ozone concentration can be controlled by
adjusting the voltage applied to the generator, the dimensions of the electrodes, or the oxygen or diluent-
air flow rate. Two-stage dilution of the ozonized air may also be used. The adjustments shall be such that
they will maintain the concentration within the tolerances given in 9.1. In addition, after each occasion
that the test chamber is opened for insertion or inspection of test pieces, the ozone concentration shall
return to the test concentration within 30 min. The concentration of the ozone entering the chamber

shal

Such

5.5

A m¢

] at no time exceed the concentration specified for the test.

adjustments may be manual or automatic.

Means of determining the ozone concentration

bans of sampling the ozonized air from the vicinity of the test pieces in the.chamber ang

estifating the ozone content shall be provided.

In th
of m|

Refe

ISO

5.6

For 4

e case of humidity control, a device that dehumidifies the gas satmple and prevents cq
pisture in the sampling line shall be used in order to measure aecurately the ozone con

rence and alternative methods of determining the ozone concentration shall be in acco
|431-3.

Means of adjusting the humidity

\pparatus with humidity control (5.2), a humidity indicator for measuring the relative

the tlest chamber and a humidifier for humidifying the ozone gas introduced into the test ch

be u

rate

sed. The humidifier shall be capable of maintaining the specified relative humidity. T|
measurement device (flowmeter) shallonot be influenced by high humidity. Dew cong

the flowmeter and the purifying columnfrom high humidity shall be prevented.

5.7

A m¢

air i
and
sect
shal
unit
sign
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not
whe

Means of adjusting the gas flow

bchanism shall be provided-that is capable of adjusting the average velocity of the flow
n the test chamber to-a value of not less than 8 mm/s and preferably to a value betwe
16 mm/s, calculatedfrom the measured gas flow rate in the chamber divided by the effq
onal area of theschamber normal to the gas flow. In tests intended to be comparable,
not vary by.fnore than * 10 %. The gas flow rate is the volume throughput of ozo
time, and thisshall be sufficiently high to prevent the ozone concentration in the chd
ficantly4educed owing to ozone destruction by the test pieces. The rate of destructi
ndingonthe rubber being used, the test conditions and other details of the test. As a ge
Fecammmended that the ratio of the exposed surface area of the test pieces to the gas flo
bxeeed 12 s/m (see Note 1). However, the value of this ratio is not always low enou

| a means of

ndensation
rentration.

rdance with

humidity in
amber shall
he gas flow
ensation at

of ozonized
en 12 mm/s
ctive cross-
the velocity
hized air in
mber being
n will vary
neral guide,
w rate does
vh. In cases

re there 1s doubt, the ertects oI destruction should be checked experimentally and, 1

necessary,

the test piece area decreased. A diffusing screen or equivalent device shall be used to assist thorough
mixing of incoming gas with that in the chamber.

In order to adjust the ozone concentration in the chamber and to exclude the effect of volatile
components that are produced by test pieces, air circulation apparatus that draws in fresh ambient air
may be used.

If high velocities are desired, a fan may be installed in the chamber to raise the velocity of the ozonized
air to (600 + 100) mm/s. If this is the case, it shall be stated in the test report.

NOTE1 The ratio, expressed in seconds per metre (s/m), is derived from surface area in m? and volumetric
flow rate in m3/s.

NOTE 2 Different results can be obtained if different ozonized-air velocities are used.
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5.8 Mounting test pieces for static strain testing

Clamps shall be provided to hold the test pieces at the required elongation and with both sides in contact
with the ozonized air in such a manner that the longitudinal axis of each test piece is substantially
parallel to the direction of gas flow. The clamps shall be made of a material (for example aluminium)
which does not readily decompose ozone.

The use of a mechanically rotating carrier mounted in the test chamber and upon which the clamps or
frames holding the test pieces are mounted is recommended to equalize the effect of different ozone
concentrations in different parts of the chamber. In one example of a suitable carrier, the test pieces
move at a speed between 20 mm/s and 25 mm/s in a plane normal to the gas flow and each follows,
consecutivdly, the same path in such a manner that the same position within the chamber is visitdd by
the same tept piece every 8 min to 12 min, and the area swept by the test pieces (see Figure 3) iSjatleast
40 % of the|available cross-sectional area of the chamber.

Figure 3 — Path of test pieces and swept area

5.9 Mounting test pieces for dynmamic strain testing

The appargtus shall be constructed of a material (for example aluminium) that does not readily
decomposefozone.

Its essentia] features are stationary parts, provided with grips for holding one end of each of the test
pieces in a [fixed pasition, and similar but reciprocating parts for holding the other end of each|test
piece. The fravel ef-the reciprocating parts shall be such that the initial, minimum, distance betyeen
the grips giyeszero strain and the maximum distance gives the specified maximum strain.

The reciproeatingp hal-be-se peed-that-theirmotion-is—n ichtHne-and-in-the-diredtion

of the common centreline of each opposig pair of grips. Corresponding plnes in the upper and lower
grips shall remain parallel to each other throughout the motion.

The eccentric which actuates the reciprocating parts shall be driven by a constant-speed motor to give
a frequency of (0,5 * 0,025) Hz. If necessary, a timing device may be provided which stops the apparatus
after a period of dynamic strain exposure and starts it again after a rest period.

The grips shall hold the test pieces firmly, without any slipping or tearing, and shall enable adjustments
to be made to the test pieces to ensure accurate insertion. Each test piece shall be held in such a way that
both sides are in contact with the ozonized air and the longitudinal axis of the test piece is substantially
parallel to the direction of gas flow.

6 © IS0 2022 - All rights reserved
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5.10 Purifying column and filter (key 7 and 4 in Figure 1 and Figure 2)
5.10.1 Purifying column, for removing ozone gas.
5.10.2 Air filter, for removing undesirable gas in the air introduced into the test chamber.

5.11 Image analysis

If required, means of analysing degree of cracking by image analysis.

5.12 Apparatus for measuring properties of the material

If refluired, apparatus for measuring change in tensile properties in accordance with ISO 37%

6 [alibration

The requirements for calibration of the test apparatus given in Annex B shall be followed.

7 [lest pieces

7.1 | General

Standard test pieces shall be as specified in 7.2, 7.3 or Z4.

Test|pieces shall be cut from moulded sheet, or, if required, from a finished product, in|accordance
with ISO 23529. Test pieces shall, wherever possible, be cut parallel to the grain of the material unless
otherwise specified. Test pieces shall have anundamaged test surface; ozone resistance $hall not be
assepsed on surfaces that have been cut oribuffed. Any pattern or flaws on the test piece surface will
alsoftend to act as stress raisers and show:preferential cracking. It is recommended that thq surfaces of
the ould which form the test surfagesshould be highly polished.

It is Fecommended that test sheets.be moulded between aluminium foil, which is left on the sheets until
the fest pieces are prepared. This provides protection against handling and ensures a fresh ftest surface
at thie time of testing.

Evalpation of ozone registance greatly depends on the surface condition of the test piece, inp particular,
the bloom of the antioZzonants or waxes. Where comparisons are to be made, it is advisaple to bring
the Jurfaces to the'same condition, as received or be cleaned. Do not clean the test pieces with organic
mat¢rials that would attack or swell the rubber. When the test surfaces are cleaned, thel test pieces
shoyld be conditioned for a period sufficient to allow the antiozonants or waxes to bloom ouit again.

This|kind ‘of pre-treatment shall be agreed between interested parties.

ii“G“ eren atetr
produced by the same method.

For each set of test conditions, at least three test pieces shall be used.

To avoid undesired contamination on the test surface, the operator should not touch the surface of the
test pieces.

Avoid simultaneous exposure of different types of composition in the same chamber, to prevent the
migration of ingredients.

To make an accurate elongation, reference marks shall be marked on the test pieces, using a suitable
marker and an ink which does not affect the material.

©1S0 2022 - All rights reserved 7
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7.2 Wide strip test piece

This test piece shall consist of a strip of not less than 10 mm in width, of thickness (2,0 * 0,2) mm and of
length not less than 40 mm between the grips before stretching.

The ends of the test piece held in the grips may be protected with an ozone-resistant lacquer. Care shall
be taken when selecting the lacquer to ensure the solvent used does not appreciably swell the rubber.
Silicone grease shall not be used. Alternatively, the test piece may be provided with modified ends, for
example by the use of lugs, to enable it to be extended without causing excessive stress concentration
and hence breakage at the grips during ozone exposure.

7.3 Narrpw strip test piece
hgth
50 mm, between enlarged tab ends 6,5 mm square (see Figure 4). This test piece shall nét be usef for

This test p‘iF,ce shall consist of a strip of width (2,0 £ 0,2) mm, thickness (2,0 £ 0,2) mm¢and le
procedure

Dimensions in millimetres

+0,2

o~

6,5
6,5

6,5

'

6,5

'

50

Figure 4 — Narrow strip test piece

7.4 Dumbbell test piece

Dumbbell test pieces shall preferably be inaccordance with ISO 37 but other dumbbells may be ysed.
Dumbbells vith a wide centre section are preferable for observation of cracking.

8 Conditioning

8.1 Conditioning in the unstrained state

For all testd, the minimuin'time between vulcanization and straining of the test pieces shall be 16 h.
For non-prdduct tests)the maximum time between vulcanization and straining of the test pieces fhall
be 4 weeks.

For product tests, wherever possible, the time between vulcanization and straining of the test pieces
shall not be more than 3 months. In other cases, tests shall be made within Z months of the date of

receipt of the product by the customer.

Test pieces and test sheets shall not, between the time of vulcanization and insertion in the test chamber,
be allowed to come into contact with rubbers of a different composition. This is necessary to prevent
additives which can affect the development of ozone cracks, such as antiozonants, from migrating by
diffusion from one rubber into adjacent rubbers.

It is recommended that aluminium foil be placed between test pieces and sheets of different
compositions, but other methods which prevent migration of additives can also be used.

Samples and test pieces shall be stored in the dark, in an essentially ozone-free atmosphere, during
the period between vulcanization and testing; the storage temperature shall normally be a standard
laboratory temperature (see [SO 23529), but other environmental conditions (temperature and relative

8 © IS0 2022 - All rights reserved
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humidity) may be used if appropriate for particular applications. The same storage conditions shall also
be used, as far as possible, for products. For evaluations intended to be comparative, the storage time

and conditions shall be the same.

For thermoplastic rubbers, conditioning and storage shall begin immediately after shaping.

NOTE

elect

8.2

ric sparks or silent electrical discharges, is capable of generating ozone.

Conditioning in the strained state (for static strain testing only)

Some equipment, such as mercury vapour lamps or high-voltage electrical equipment giving rise to

Afte
48 N
norn

extending to the required elongation, the test pieces shall be conditioned 10r a period

hally be a standard laboratory temperature (see ISO 23529), but other enviropmenta

and 96 h in an essentially ozone-free atmosphere in the dark; the storage tempe

of between
rature shall
conditions

(temlperature and relative humidity) may be used if appropriate for particular applications. The test
piecg surface shall not be touched or otherwise disturbed in any way during the conditioping period
and pubsequent handling. For tests intended to be comparative, the conditions shall be as faf as possible
the §ame.

9 [lest conditions

9.1 | Ozone concentration

The [test shall be carried out at one of the following ozone‘concentrations, expressed in pafts of ozone
per billion of air by volume (ppb) or parts per hundredmillion (pphm) (see Note 1):

— [250 £50) ppb or (25 = 5) pphm

— [500 £ 50) ppb or (50 £ 5) pphm

— [1 000 + 100) ppb or (100 + 10) pphm

— [2 000 £ 200) ppb or (200 + 20) pphm

Unlgss otherwise specified, thestest shall be carried out at an ozone concentration of (500 * 50) ppb.
If a [lower concentration is required for testing rubbers known to be used at low ambient ozone

cond

are eing tested, a concentration of (1 000 = 100) ppb or (2 000 + 200) ppb is recommended.

NOT
unit

NOT
conc
hund
in te

entrations, an ozone coneentration of (250 * 50) ppb is recommended. If highly resista

£ 1 ppbisusedin’environmental science for atmospheric pollutants, while pphm has been th
For ozone congentration in the rubber industry.

E 2 It has' been found that differences in atmospheric pressure can influence the eff§
entration;*and hence the result, when the ozone concentration is expressed in parts per billion
redémillion) by volume. This effect can be eliminated by expressing the ozone content of the
'ms,of the partial pressure of ozone, i.e. in millipascals, and making comparisons at constant

41D 279

ht polymers

e traditional

bctive ozone
(or parts per
ozonized air
zone partial
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(), an ozone

concentration of 10 ppb is equivalent to an ozone partial pressure of 1,01 mPa. Further guidance is given in
ISO 1431-3.

9.2

Temperature

The preferred test temperature is (40 + 2) °C. Other temperatures, such as (30 = 2) °C or (23 * 2) °C,
may be used if they are more representative of the anticipated service environment, but the results
obtained will differ from those obtained at (40 * 2) °C.

For applications where markedly varying temperatures can be encountered, it is recommended that
two or more temperatures, covering the service range, be used.
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9.3 Relative humidity
The relative humidity of the ozonized air shall normally be not more than 65 % at the test temperature.

Very high humidity can influence the results such that results of resistance to ozone cracking at
high relative humidity can differ from those obtained at low humidity. When applicable, for products
intended for use in damp climates, the test shall be carried out at a relative humidity above 65 %. For
testing at high humidity, unless otherwise specified, the test shall be carried out at one of the following
relative humidities:

(80 £ 5) %;
(90 £ 5

%.

Other high
it shall be st

humidity conditions may be used by agreement between the interested parties. [ this
ated in the test report.

rase,

d its
nded

The test re
application
that two or

ative humidity shall be chosen as that appropriate for the material being tested an
For applications where markedly varying humidity can be encountered.it is recommel
more humidity conditions, covering the service range, be used.

9.4 Maximum elongation

Tests shall
(15 £ 2) %,

I:rmally be carried out using one or more of the followingstrain levels: (5 £ 1) %, (10 + ]
(20 £2) %, (25 = 2) %, (30 = 2) %, (40 = 2) %, (50 £ 2) %, (60 £ 2) %, (80 * 2) %.

) %,

The elongatiion(s) used should be similar to those anticipated in service.

9.5 Expdsure period

The resista

ce to ozone cracking will depend upon the type of rubber and the formulation. Also, the

test

conditions, such as ozone concentration, temperature, humidity and strain, markedly affect formation
and growth| of cracks. The exposure period shallbe selected to obtain a given degree of deterioratipn of
the test pieges.

It is advisaljle to make trial runs to establish suitable exposure periods.

10 Static(strain testing

10.1 General

Adjust the pzone conegntration, rate of flow, temperature and, if applicable relative humidity to(that

required an test

conditions 4

d place-thé strained test pieces, suitably conditioned, in the test chamber. Maintain the
it the\required levels.

Periodically tion
between 5 and 10, the test pieces being illuminated at the time of examination by a suitably arranged
light source. Either the lens may be mounted in a window in the chamber wall, or the test pieces may be
removed from the chamber for a short period, in their clamps. The test pieces shall not be handled or
knocked against anything when carrying out the examination.

avaminathaotact niacac faortha dovalaonmant aof crackinabhumaoaance afalone afmagnific
Erc T et et e St P e e ST O e e O P e e O o e O T S S O e RS- O o g e

Cracking on surfaces which have been cut or buffed shall be ignored.

The following three alternative procedures for exposure and evaluation of test pieces are permissible.

10.2 Procedure A

Unless otherwise specified, strain the test pieces at 20 % elongation, condition them in accordance with
8.2, and examine them after 72 h in the test chamber for the development of cracking (an alternative
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elongation and an alternative exposure period may be given in the appropriate material specification).
Unless otherwise specified, the procedures for expression of results are in accordance with 12.1.

10.3 Procedure B

Strain the test pieces at one or more of the elongations given in 9.4 and condition them in accordance
with 8.2. If only one elongation is used, this shall be 20 %, unless otherwise specified. Examine the test
pieces after 2 h, 4 h, 8 h, 24 h, 48 h, 72 h and 96 h and, if necessary, at suitable intervals thereafter in
the test chamber and note the time until the first appearance of cracks at each elongation. Examination
after 16 h can also be desirable, even though it is not convenient in practice. Unless otherwise specified,

the procedure for expression of resultsisin accordance with 12 2

10.4 Procedure C

Strajn the test pieces at no fewer than four of the elongations given in 9.4 and"condit
accordance with 8.2. Examine the test pieces after 2 h,4 h,8h, 24 h,48h, 72 h and 96 h and,
at syitable intervals thereafter in the test chamber and note the time unti‘the first ap
cracks at each elongation so that the threshold strain can be estimated. Examination after 1
be dgsirable, even though it is not convenient in practice. Unless otherwise specified, the prd
expilession of results are in accordance with 12.3.

11 Pynamic strain testing

11.1 General

Adjust the ozone concentration, rate of flow, temperature and, if applicable relative humi
reqyired. Place each test piece, mounted at zero strain, in the dynamic testing appara
movjing the reciprocating part of the apparatus, adjust the maximum travel between the g
the fequired maximum elongation. Move the-reciprocating part to the position of minimun

lopment of cracking by means of a lens of magnification between 5 and 10, the test
inated at the\time of examination by a suitably arranged light source. Either the 1
ted in a wiidow in the chamber wall, or the test pieces may be removed in their ¢
hamber<or a short period. The test pieces shall not be handled or bumped when carr}
inatiom.

ing on surfaces which have been cut or buffed shall be ignored.

J

on them in
f necessary,
pearance of
6 h can also
cedures for

Hity, to that
tus and, by
rips to give
h travel and

bnditions at

ieces being
ens may be
lamps from
Fing out the

There are essentially two permissible types of dynamic exposure — continuous and intermittent. In
the first type, the test pieces are continuously cycled between zero and maximum strain while, in the
second type, periods of dynamic cycling are interspersed with periods of static strain exposure.

11.2 Continuous dynamic exposure

11.2.1 Choice of procedure

Two alternative procedures for continuous dynamic exposure of test pieces are permissible, as indicated

in11.2.2 and 11.2.3.

© IS0 2022 - All rights reserved
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11.2.2 Procedure A

Unless otherwise specified, cycle the test pieces between zero and 10 % elongation at 0,5 Hz and
examine them after 72 h for the development of cracking (alternative maximum elongation and
alternative exposure periods can be given in the material specification). Unless otherwise specified, the
procedures for expression of results are in accordance with 12.1.

11.2.3 Procedure B

Cycle the test pieces between zero and one or more of the maximum elongations given in 9.4 at 0,5 Hz. If
only one elongation is used, this shall be 10 % unless otherwise specified. Examine the test pieces after

2h,4h,8h
until the fiy

even thouglh it is not convenient in practice. Unless otherwise specified, the procedure for expressi

results is in|
11.3 Inter

11.3.1 Exy

Cycle the te
the test pie
ozonized at

Unless othe
dynamic ey
dynamic ex
product spe

Two alternd

11.3.2 Prd

Examine thle test pieces at the end of the specified number of dynamic and static exposure per

Note the pr
results are

11.3.3 Prg

Examine th
at suitable
cracks. Unlg

24 h,48h,72 hand 96 h and, if necessary, at suitable intervals thereafter and note the
st appearance of cracks at each elongation. Examination after 16 h can also be desir

accordance with 12.2.
mittent dynamic exposure

osure procedure

5t pieces between zero and the specified maximum elongation for the specified period.
Ces held at the maximum elongation, continue exposure id the static condition in the {
mosphere. Repeat the sequence of alternate dynamic and¢static periods as necessary.

rwise specified, the maximum elongation shall be 10:%. For certain products, intermit
(posure tests can show better correlation with<service performance than contin

cification.

tive procedures for evaluation are permissible, as indicated in 11.3.2 and 11.3.3.

cedure A

esence or absence of cragks: Unless otherwise specified, the procedures for expressi
n accordance with 12.1(

cedure B

b test pieces at'the end of each pair of dynamic and static exposure periods and, if neces
intervals during the exposure periods. Note the total time until the first appearan

sSion of results

12 Expre

time
able,
bn of

Vith
ame

tent
lous

posure tests. The timing of the dynamic and static exposure periods shall be as given i the

ods.
n of

sary,
re of

ss other'wise specified, the procedure for expression of results is in accordance with 12.2.

12.1 Procedure A

12.1.1 Procedure A.1 (Evaluation with visual assessment)

Report the results as “no cracking” or “cracking”. If cracking has occurred and an estimate of the degree
of cracking is required, a description of the cracks (e.g. the appearance of the individual cracks, the
number of cracks per unit area and the average length of the 10 largest cracks) may be given, or a
photograph of the cracked test piece may be taken. The description scheme used shall be described in
detail in the test report. See also Annex A and Annex C.
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12.1.2 Procedure A.2 (Evaluation with image analysing technique)

1:2022(E)

Use image analysis software to create a binary image from the photograph. A binary image of a photo
taken from a cracked sample will result in cracks with black colour and the matrix with white colour,
and will give a numerical value to the degree of ozone cracking. The total of black area divided by the
total area represents the percentage area of cracks and is taken as the degree of cracking.

The number of cracks can also be used to add numerical value to the degree of cracking, but it will not
take into account the size of cracks, which is an important aspect in grading ozone cracking. Therefore,
the use of percentage area is recommended.

NOT
imag
inter]

12.3

Takd
stra

If re

Cofy H H d el o 4 Lot L £ leadl lao L 1
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e and gives a ratio of the black and white areas. Such software is sometimes available free-6fi g
het.

Procedure B

k and white
harge on the

the time to the first appearance of cracks as the measure of ozone)reSistance at the specified

n.

guired, the results of a continuous dynamic exposure test may.also be expressed in

numjber of cycles to the first appearance of cracks.

12.3

12.3

b Procedure C

.1 Procedure C.1 (Evaluation with visual assessment)

Indi
at

rate the range within which the threshold strain is found to lie by reporting the hig
ich cracking was not detected and the loWest strain at which cracking was observy{

spedified exposure period. If replicate tests.give different results, quote the extreme rang
For example, if three test pieces were usegd-at each of 10 %, 15 % and 20 % elongation a
obsdrved on only one test piece at 10.%,'0n only one test piece at 15 % but on all three 3

quo
the 1

Am
time
crac
the

assiy
som
lead
stra

NOT

ed range shall be 10 % to 20 %( Graphical presentation may be used to assist in inter
esults.

pthod that has been found useful is to plot the logarithm of the strain against the logal
to first cracking — both.the longest time for which no cracks are seen and the earlies
ks are observed can be plotted. Where possible, a smooth curve can be drawn taking i
bap between the-lengest time with no cracks and the earliest time with cracks at ea
t in the estimation of the threshold strain for any time within the test period (see Fij
e rubbers, thHe-clrve can approximate to a straight line but this shall not be assumed
to large errors in estimating the threshold strain. Unless otherwise specified, report th
n for thelongest test period.

[
»

With some rubbers, a linear plot of strain against time to first cracking will enable the g

limit

ing threshold strain to be observed.

erms of the

rhest strain
bd after the
e observed.
nd cracking
t 20 %, the
bretation of

[ithm of the
' time when
[nto account
Ch strain to
bure 5). For
since it can
e threshold

xistence of a
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20
15 F [ :
10 |
5 B —_— 3
0 1 1 1 1 1 1 L
0 1 2 4 8 24 48 96 X
Key
X  time, h (log scale)
Y strain, % (log scale)
1 last obsg¢rvation with no cracking
2 first obsgrvation with cracking
3 no cracKing
NOTE For the example shown, the threshold strain at48 h is 10 %.
Figure 5 — Presentation of results in graphical form (visual assessment)
12.3.2 Prdcedure C.2 (Evaluation with'image analysing technique)
For exposufes made in accordanee with Procedure C, plot the percentage crack area against the s{rain
for each condition (temperature-and relative humidity), and draw the best-fit curve through the pqints.
The threshgld strain is where.the curve meets the abscissa (see Figure 6).
14 © IS0 2022 - All rights reserved
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X ptrain, % (linear scale)
Y Pocrackarea, % (linear scale)
1  threshold strain

Figure 6 — Presentation of results in graphical form (image analysis)

12.4 Procedure D (Evaluation with physical properties change)

Express the measurement result as a pereentage of the change in each property cdlculated by

Formula (1).
T, —T

R=-"1_"0100 ey

To

where
R isthe percentageof the change;

I, is the originalvalue (before exposure);

I

m Is the yalue after exposure.

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

13 Test report
The test report shall include the following information:
a) sample details:
1) afull description of the sample and its origin,
2) compound identification,
3) the method of preparation of the test pieces, for example whether moulded or cut;
b) test method:

1) areference to this document (ISO 1431-1),
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d)

2)
3)
4)
5)
6)

whether testing was carried out in the static or dynamic test mode,

if dynamic, the type of exposure (continuous or intermittent),

the

the

procedure used (A, B, or C),

type of test piece and its dimensions,

whether a rotating carrier was used;

test details:

1) the
2) the
3) the
4) the
5)
6) the
per
7) the
8) the
9) the
10) for
exJ
11) det
testres
1) for
be
2) for
dy
cr
3) for
exy
4) for

If nheasured, the test relative humidity,

Taboratory temperature,
ozone concentration and the method of estimation,
test temperature,

temperature and the relative humidity of conditioning,

ozonized-air flow rate, in cubic metres per second, and the ozonized-air velocity, in mg
second,

maximum strain(s) on the test pieces,
number of test pieces tested at each strain,
duration of the test,

intermittent dynamic exposure only, the(duration of the alternate dynamic and s
osure periods,

ails of any non-standard proceduresg;
ults:

procedure A, whether craeking occurred (if required, the nature of any cracking may
biven) and, if measuredthe’percentage crack area or number of cracks,

procedure B, the time-to the first appearance of cracks for each elongation or, for contin
amic exposure tests, either the time or the number of cycles to the first appearan
ks,

procedure\(C (static strain test), the observed range of threshold strains for a suif
osure period or periods, or the limiting threshold strain,

procedure D percentage of the change in each property,

tres

tatic

also

lous
re of

able

e) the date of the test.

16
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Annex A
(informative)

Ozone cracking — Explanatory notes

General

1:2022(E)
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stra

NOT
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A.2
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Thu
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Cracd

s develop in rubber only on surfaces subjected to tensile strain. The patterns ofdrd
ity of cracking, vary depending on the magnitude and nature of the appliedrstrain

article in service will vary from a minimum, which need not necessarily be zero, 3
maximum at some other point. The pattern of cracks at all elongations.ih.this rang
idered when ozone resistance is being measured.

first criterion for describing a material as ozone-resistant is total fréedom from crackin
er the strain to which the rubber can be subjected for a given exposure period witho
e longer the time before cracks appear on a test piece at a givenielongation, the better

tance.

ever, an alternative criterion can be necessary when“cracks below a certain limit
hitted on the rubber over a given range of strains. This criterion is based on the concg
er can be described as more ozone-resistant than.another if the cracks on it are less
range of elongations encountered in service, which should be specified. The visual n
ks which develop in the test piece should thenbe reported so that the whole relationsH
n and severity of cracking is determined.

[
»

Crack description schemes are available from various sources, such as DIN 53509-1[1] an|

Static strain exposure

way in which ozone craeking depends on strain is not a simple relationship. The numb
test piece is related te their size and this relationship depends on the threshold strair
sure period and the.elongation of the test piece, for any given material.

, no ozone cracking will occur for a given exposure period at strains between zg
hold (by definition). A few cracks, which will be large, will be found at strains slightl
Khold, and.the cracks will become more numerous and smaller at progressively highe
high strains, the cracks can sometimes be so small as to be invisible to the naked eye.

ks will coalesce as the exposure increases, particularly when they are very numej

'ks, and the
The strain

it one point
e should be

g. Thus, the
it cracking,
s the ozone

of size are
ept that one
severe over
iture of the
ip between

4 ]IS K 6259-

er of cracks
for a given

ro and the
y above the
" strains. At

ous on the

surf

hce‘of the test piece This will result in the ]Pngth of some cracks hping increased, bi

t without a

proportionate increase in depth. Coalescence is probably due to a tearing process as well as ozone
attack, and will sometimes result in a number of larger cracks being scattered among the general mass
of small, dense cracks which often cover the test piece surface at high strains.

A.3 Dynamic strain exposure

Under dynamic strain conditions, a distinction should be made between ozone cracking and the
cracking resulting from fatigue failure. Ozone attack is the sole cause of crack initiation at cyclic strains
below a characteristic strain known as the mechanical fatigue limit. Once this limit is exceeded, the
rate of crack growth increases rapidly and is mainly the result of mechanical fatigue, assisted in many
rubbers by the presence of atmospheric oxygen. In this region, the effect of ozone is small and becomes
negligible at higher strains. Mechanical fatigue can also occur at low strains once cracks reach a certain
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size. For these reasons, the ranking order of different rubbers can vary according to the magnitude of
the strain, so that the test conditions used should, as far as possible, match those anticipated in service.
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