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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-governn

the

Internationa
Internationa

The main tg
adopted by
Internationa

Attention is
rights. ISO s

1ISO 1431-1
SC 2, Testin

This fourth
edition of IS

ISO 1431 ¢
Resistance 1

Part 1:

Part 3:
chambe

TITO—toHte

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

OO oOTrTteoY

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting\xPublication a
Standard requires approval by at least 75 % of the member bodies casting a vote.

Hrawn to the possibility that some of the elements of this document¢may be the subject of p
hall not be held responsible for identifying any or all such patent rights.

g and analyses.

edition cancels and replaces the third edition (ISO ¢431-1:1989) and, in addition, the se|
D 1431-2 (ISO 1431-2:1994), which have been combined and technically revised.

0 0zone cracking:

Btatic and dynamic strain testing

Reference and alternative methods for determining the ozone concentration in laboratory
rs

bnsists of the following parts, under the genéral titte Rubber, vulcanized or thermoplast]

ards
S an

Atent

was prepared by Technical Committee ISO/TC 45, Rubber-and rubber products, Subcomnpittee

cond

test

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=4540ad92bafca1f7aabd87cb1b561a74

INTERNATIONAL STANDARD

ISO 1431-1:2004(E)

Rubber, vulcanized or thermoplastic — Resistance to ozone
cracking —

Part 1:

St I - I I L] I - I I -

WARNING — Persons using this part of ISO 1431 should be familiar with normal laboratgry practice.
This| part of ISO 1431 does not purport to address all of the safety problems, if’any, associated with its
use.| It is the responsibility of the user to establish appropriate safety and*health practices and to
ensyre compliance with any national regulatory conditions.

1 BScope

This|part of ISO 1431 specifies procedures intended for use_in{estimating the resistance of vulcanized or
thermoplastic rubbers to cracking when exposed, under stati¢cor dynamic tensile strain, to air containing a
defirfite concentration of ozone and at a definite temperature in circumstances that exclude the effects of
diredt light.

Gregt caution is necessary in attempting to relate>standard test results to service performange since the
relative ozone resistance of different rubbers can vary markedly depending on the conditions, especially
ozone concentration and temperature. In addition, tests are carried out on thin test pieces deformgd in tension
and the significance of attack for articles in service can be quite different owing to the effects of size and of the
typeland magnitude of the deformation.»EXplanatory notes on the nature of ozone cracking pre given in
Anngx A.

Refdrence and alternative metheds.for determining the ozone concentration are described in ISO (1431-3.

2 Normative references

The |following referenced documents are indispensable for the application of this document. For dated
references, only>the edition cited applies. For undated references, the latest edition of the referenced
docyment (in¢luding any amendments) applies.

ISO B7,/Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties

ISO 1431-3, Rubber, vulcanized or thermoplastic — Resistance to ozone cracking — Part 3: Reference and
alternative methods for determining the ozone concentration in laboratory test chambers

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

© 1SO 2004 - All rights reserved
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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 It is important to distinguish threshold strain from limiting threshold strain defined in 3.2.

3.2 J

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

3.3
dynamic strain
strain (normally a tensile strain) varying sinusoidally with time at some selected repetition rate or frequengy

NOTE The maximum strain and the repetition rate are used to describe the dynamic‘strain conditions.

4 Principle

Test pieces|are exposed, under static tensile strain, under continuous dynamic strain, or under altefnate
periods of dynamic and static strain, in a closed chamber at(a“constant temperature, to an atmosphere
containing alfixed concentration of ozone. The test pieces are examined periodically for cracking.

Three alterpative evaluation procedures are described\for selected values of ozone concentration| and
exposure temperature:

a) The prgsence or absence of cracks is determined after exposure for a fixed period of time at a given
static strain, dynamic strain or combination/of dynamic and static strains. If required, an estimate gf the
degree pf cracking is made.

b) The ti to the first appearancé of cracks is determined at any given static strain, dynamic strgin or
combination of dynamic and static strains.

c) The thrgshold strain is determined for any given exposure period (valid only for static tensile-strain tests).

5 Apparatus (sée Figure 1)

WARNING (—Attention is drawn to the highly toxic nature of ozone. Efforts should be made to
minimize the exposure of workers at all times. In the absence of more stringent or contrary 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
whilst 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.

5.1 Test chamber

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 5.5 are met. The chamber can be
provided with a window through which the surface of the test pieces can be observed. A light to examine test
pieces can be installed, but this shall remain switched off at all other times.

2 © ISO 2004 — All rights reserved
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Figure 1*— Example of a test apparatus

5.2 | Source of ozonized air

The jozonized air shall be. largely free of nitrogen oxides in order to avoid errors in the ozone concentration.
One|of the following items-of apparatus shall therefore be used:

a) pltra-violet lamp;
b) pilent-discharge tube.

When utilizing the discharge tube, the use of oxygen, as opposed to air, is necessary in order|to avoid the
formption of nitrogen oxides. The ozonized oxygen or air can subsequently be diluted with air |to attain the
required ozone concentration. Air used for generation of ozone or for dilution 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.

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 a heat exchanger to adjust its temperature
to that required for the test and shall also be brought to the specified relative humidity (see 8.3).

© 1SO 2004 - All rights reserved 3
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5.3 Means of adjusting the ozone concentration

When an ultra-violet 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 can also be used. The adjustments shall be such that they will maintain the
concentration within the tolerances given in 8.1. 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 shall at no time exceed the concentration
specified for the test.

NOTE Spich adjustments may be manual or automatic.

5.4 Means of determining the ozone concentration

A means of s of

estimating th

sampling the ozonized air from the vicinity of the test pieces in the chamber’and a mea
e ozone content shall be provided.

Reference a

hd alternative methods of determining the ozone concentration are described in ISO 1431-3.

5.5 Mea

A mechanis
the test cha
calculated fr
chamber no
+10 %. The

high to prevént the ozone concentration in the chamber being.significantly reduced owing to ozone destru

by the test j
and other dg
of the test p
is not alway
experimenta

of adjusting the gas flow

shall be provided that is capable of adjusting the average velocity of the flow of ozonized

air in

ber to a value of not less than 8 mm/s and preferably to a value between 12 mm/s and 16 mm/s,

bm the measured gas flow rate in the chamber divided by‘the effective cross-sectional area g
mal to the gas flow. In tests intended to be comparable, the velocity shall not vary by more
gas flow rate is the volume throughput of ozonized air in unit time, and this shall be suffic

ieces. The rate of destruction will vary depending on the rubber being used, the test cond
tails of the test. As a general guide, it is recommended that the ratio of the exposed surface
eces to the gas flow rate should not exceed 12 s/m (see Note 1). However, the value of this
s low enough. In cases where therg\is doubt, the effects of destruction should be che
ly and, if necessary, the test piece-area decreased. A diffusing screen or equivalent device

f the
than
ently
iction
tions
area
ratio
cked
shall

be used to assist thorough mixing of incoming gas with that in the chamber.

In order to afljust the ozone concentration, it the chamber and to exclude the effect of volatile components that
are producefl by test pieces, air circulation apparatus that leads in fresh ambient air can be used.

If high velocjties are desired, a fan-can be installed in the chamber to raise the velocity of the ozonized gir to
600 mm/s £[100 mm/s. If this iS-the case, it shall be stated in the test report.

NOTE 1 The ratio, expressed in seconds per metre (s/m), is derived from surface area in m2 and volumetric flow rate
in m3s.

NOTE 2  Djfferentresults may be obtained if different ozonized-air velocities are used.

5.6 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, consecutively, the same
path in such a manner that the same position within the chamber is visited by the same test piece every 8 min
to 12 min, and the area swept by the test pieces (shown shaded in Figure 2) is at least 40 % of the available
cross-sectional area of the chamber.
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Figure 2 — Path of test pieces and swept area\(shaded)

Mounting test pieces for dynamic strain testing

apparatus shall be constructed of a material (for example*aluminium) that does not readily
e.

ssential features are stationary parts, provided with grips for holding one end of each of the
pd position, and similar but reciprocating parts for holding the other end of each test piece.
bciprocating parts shall be such that the initial; minimum, distance between the grips gives ze
haximum distance gives the specified maximum strain.

reciprocating parts shall be so arranged that their motion is in a straight line and in the dir

common centreline of each opposing pair of grips. Corresponding planes in the upper and lowsg

remg

The
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the @

in parallel to each other throughout the motion.

eccentric which actuates_the reciprocating parts shall be driven by a constant-speed mot
ency of 0,5 Hz + 0,025 Hz. If necessary, a timing device can be provided which stops the ap
iod of dynamic strainCexposure and starts it again after a rest period.

grips shall hold the test pieces firmly, without any slipping or tearing, and shall enable adjus|
b to the test pieces to ensure accurate insertion. Each test piece shall be held in such a W

are in contact with the ozonized air and the longitudinal axis of the test piece is substantia
irection-of gas flow.

decompose
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he travel of
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bction of the
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6 Test pieces

6.1

General

Standard test pieces shall be as specified in 6.2 or 6.3.

Test pieces shall be cut from moulded sheet, or, if required, from a finished product, in accordance with
ISO 23529. Test pieces shall have an undamaged test surface; ozone resistance shall not be assessed on
surfaces that have been cut or buffed. Comparisons of different materials are only valid if the cracking is
assessed on surfaces of similar finish produced by the same method.

For each set of test conditions, at least three test pieces shall be used.
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NOTE 1 It is recommended that test sheets be moulded between highly polished aluminium foil, which is left on the
sheets until the test pieces are prepared. This provides protection against handling and ensures a fresh test surface at the
time of testing.

NOTE 2  As an alternative to the exposure of test pieces for static strain tests at several different strains, a test piece in
the form of an annulus has been used which is strained to produce a continuous range of extensions. This method has
been found to give approximately equivalent results to the standard test pieces when used to determine threshold strain.

NOTE 3  As another alternative to the exposure of test pieces at several different strains, a rectangular test piece in the
form of a bent loop can be used to provide a continuous range of extensions with one test piece.

6.2 Widetest piece

This test pigce shall consist of a strip of not less than 10 mm in width, of thickness 2,0 mm + 0,2 mtw’ apd of
length not legs than 40 mm between the grips before stretching.

The ends off the test piece held in the grips can 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 shalllnot be used. Alternatively, the test piece can be provided with modified gnds, for example bl the
use of lugs, to enable it to be extended without causing excessive stress concentration-and hence breakage at
the grips duling ozone exposure.

6.3 Narrgw test piece

This test pigce shall consist of a strip of width 2,0 mm = 0,2 mm, thickness 2,0 mm + 0,2 mm and Igngth
50 mm, between enlarged tab ends 6,5 mm square (see Figure 3).”This test piece shall not be usefl for
procedure A

NOTE Dumb-bell test pieces in accordance with ISO 37 may,also be used.
Dimensions in millimetres
™~
S
‘y\ ~
(¥ J [¥a]
N=) =)
6.5 50 6,5

Figure 3 — Narrow test piece

7 Conditioning

7.1 Conditioning in the unstrained state
For all tests, the minimum time between vulcanization and straining of the test pieces shall be 16 h.

For non-product tests, the maximum time between vulcanization and straining of the test pieces shall 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 2 months of the date of receipt of the
product by the customer.

6 © ISO 2004 — All rights reserved
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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 anti-ozonants, 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 1SO 23529), but other, controlled, temperatures can be used if appropriate for particular
applications—The same storage conditions stattatso beused;,as faraspossibie; forproducts—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:

7.2 | Conditioning in the strained state (for static strain testing only)
Aftel] stretching, the test pieces shall be conditioned for a period of between 48 h and 96 h in ap essentially
ozone-free atmosphere in the dark; the temperature for this conditioning shall normally be| a standard
laboratory temperature (see ISO 23529), but other temperatures can be used if appropriate for particular

applications. The test pieces shall not be touched or otherwise disturbed in any way during the|conditioning
periqd. For tests intended to be comparative, the conditioning time@nd temperature shall be the same.

8 [Test conditions

8.1 | Ozone concentration

The [test shall be carried out at one of the following ozone concentrations, expressed in parts ¢f ozone per
billion of air by volume (ppb) and, in brackets, parts per hundred million (pphm) (see Note 1):

— P50 ppb + 50 ppb (25 pphm + 5 pphm)

— P00 ppb + 50 ppb (50 pphm~~5'pphm)

— [1 000 ppb + 100 ppb (700 pphm + 10 pphm)
— PR 000 ppb + 200 _ppb*(200 pphm + 20 pphm)
Unleps otherwise ‘specified, the test shall be carried out at an ozone concentration of 500 ppb + 50 ppb
(50 gphm + 5¢phm). If a lower concentration is required for testing rubbers known to be used at|{low ambient
ozone concentrations, an ozone concentration of 250 ppb + 50 ppb (25 pphm + 5 pphm) is recommended. If

highly resistant polymers are being tested, a concentration of 1 000 ppb + 100 ppb (100 pphm +[10 pphm) or
2 00D ppb'+ 200 ppb (200 pphm + 20 pphm) is recommended.

NOTE 1 ppb is used in environmental science for atmospheric pollutants, while pphm has been the traditional unit for
ozone concentration in the rubber industry.

NOTE 2 It has been found that differences in atmospheric pressure can influence the effective ozone concentration,
and hence the result, when the ozone concentration is expressed in parts per billion (or parts per hundred million) by
volume. This effect may be eliminated by expressing the ozone content of the ozonized air in terms of the partial pressure
of ozone, i.e. in millipascals, and making comparisons at constant ozone partial pressure. Under standard conditions of
atmospheric pressure and temperature (101 kPa, 273 K), 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.
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8.2 Temperature

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

NOTE

more temperatures, covering the service range, be used.

8.3 Relat
The relative

Very high ht
the test shal

ive humidity

For applications where markedly varying temperatures may be encountered, it is recommended that two or

humidity of the ozonized air shall normally be not more than 65 % at the test temperature.

midity can influence the results; when applicable, for products intended for use in damp-clim
be carried out at a relative humidity in the range 80 % to 90 %, if this is practicable!

8.4 Maximum elongation

Tests shall n

5+1)%, (
(80 % 2) %.

NOTE T

9 Static

9.1 Gene

Adjust the rate of flow and temperature of the ozonized gas and its ozone concentration to that required
rained test pieces, suitably conditiened, in the test chamber. Maintain the test conditions at the

place the st

ormally be carried out using one or more of the following strain levels:

10+£1)%, (15£2)%, (20+2)%, (25+2)%, (30+2)%, (40+2)%, (50 +2)%, (60 +

ne elongation(s) used should be similar to those anticipated in setvice.

strain testing

ral

required levels.

Periodically
maghnificatio
source. The
from the cha
anything wh

Cracking on

The followin

examine the test pieces forthe development of cracking by means of a lens of abou
n and with the test piecés,illuminated, at the time of examination, by a suitably arranged
lens can either be maounted in a window in the chamber wall, or the test pieces can be rem

bn carrying out theé-examination.
surfaces which have been cut or buffed shall be ignored.

j three. alternative procedures for exposure of test pieces are permissible.

mber for a short pefiod, in their clamps. The test pieces shall not be handled or knocked ag

ates,

D) %,

and

I x 7
light
oved
ainst

9.2 Prochure A

Unless otherwise specified, strain the test pieces at 20 % elongation, condition them in accordance with 7.2,
and examine them after 72 h in the test chamber for the development of cracking (an alternative elongation
and an alternative exposure period may given in the appropriate material specification).

9.3 Procedure B

Strain the test pieces at one or more of the elongations given in 8.4 and condition them in accordance with 7.2.
If only one elongation is used, this shall be 20 %, unless otherwise specified. Examine the test pieces after 2 h,
4 h, 8h, 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.

NOTE E

xamination after 16 h may also be desirable, even though it is not convenient in practice.
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9.4 Procedure C

Strain the test pieces at no fewer than four of the elongations given in 8.4 and condition them in accordance
with 7.2. 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 so that the threshold strain can be estimated.

NOTE

See Note to 9.3.

10 Dynamic strain testing

10.1

Adju
each
part

Mov

General

5t the rate of flow and temperature of the ozonized gas and its 0zone concentration to that req
test piece, mounted at zero strain, in the dynamic testing apparatus, and byymoving the

pf the apparatus adjust the maximum travel between the grips to give the required maximun
b the reciprocating part to the position of minimum travel and check that.the test piece has

uired. Place
eciprocating
h elongation.

returned to

zero|strain.

Aftel] inserting in the test chamber, start the dynamic testing apparatus;*Maintain the test conditions at the
requ|red levels. No adjustment shall be made during the test to the miinimum and maximum travel|between the
gripg. Thus, no adjustment shall be made for any changes~in/zero and maximum strain| caused by
devglopment of set in the test piece.

Perigdically stop the machine with the test piece held @t the maximum elongation and examine for the
development of cracking by means of a lens of magnification about x 7, the test pieces being illuminated at
the time of examination by a suitably arranged light source. The lens can either be mounted in a window in the
chamber wall, or the test pieces can be removed intheir clamps from the chamber for a short perfjod. The test
piecgs shall not be handled or bumped when carrying out the examination.

Cradgking on surfaces which have been cutor buffed shall be ignored.

There are essentially two permissible types of dynamic exposure — continuous and intermittent. In the first
type] the test pieces are continueusly cycled between zero and maximum strain whilst, in the $econd type,
periqds of dynamic cycling are.interspersed with periods of static strain exposure.

10.2 Continuous dynamic exposure

10.2{1 Choice of procedure

Twolalternativeprocedures for continuous dynamic exposure of test pieces are permissible, as| indicated in
10.2|2 and 4.0:2.3.

10.2{2CProcedure 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 may be given in the material specification).

10.2.3 Procedure B

Cycle the test pieces between zero and one or more of the maximum elongations given in 8.4 at 0,5 Hz. If
only one elongation is used, this shall be 10 % unless otherwise specified. Examine the test pieces after 2 h,
4 h,8h,24 h,48 h, 72 h and 96 h and, if necessary, at suitable intervals thereafter and note the time until the
first appearance of cracks at each elongation.

NOTE See Note to 9.3.
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10.3 Intermittent dynamic exposure

10.3.1 Exposure procedure

Cycle the test pieces between zero and the specified maximum elongation for the specified period. With the
test pieces held at the maximum elongation, continue exposure in the static condition in the same ozonized
atmosphere. Repeat the sequence of alternate dynamic and static periods as necessary.

Unless otherwise specified, the maximum elongation shall be 10 %. For certain products, intermittent dynamic
exposure tests can show better correlation with service performance than continuous dynamic exposure tests.
The timing of the dynamic and static exposure periods shall be as given in the product specification.

Two alterna(lve procedures for evaluation are permissible, as indicated in 10.3.2 and 10.3.3.

10.3.2 Prodedure A

Examine thdg b the

presence or

test pieces at the end of the specified number of dynamic and static exposure periods. Not
absence of cracks.

10.3.3 Prodedure B

test pieces at the end of each pair of dynamic and static exposure periods and, if necessa
vals during the exposure periods. Note the total time until théfirst appearance of cracks.

Examine the y, at

suitable inte

11 Expregsion of results

11.1 Procedure A

be of

Report the n
cracking is

number of ¢
of the crack

report. See d@lso Annex A.

11.2 Procédure B

Take the tim

If required, t

esults as “no cracking” or “cracking”. If cracking has occurred and an estimate of the degr
equired, a description of the cracks (for example, the appearance of the individual cracks
acks per unit area and the average length of the 10 largest cracks) can be given, or a photog
bd test piece can be taken. The.description scheme used shall be described in detail in the

e to the first appearance of cracks as the measure of ozone resistance at the specified strain

ne results of asccontinuous dynamic exposure test can also be expressed in terms of the numh

, the
raph
test

er of

cycles to thd first appearance of cracks.

11.3 Procedure(C (for static tests only)

Indicate the Tange within which the threshold strain is found to lie by reporting the highest strain at which
cracking was not detected and the lowest strain at which cracking was observed after the specified exposure
period. If replicate tests give different results, quote the extreme range observed. For example, if three test
pieces were used at each of 10 %, 15 % and 20 % elongation and cracking observed on only one test piece at
10 %, on only one test piece at 15 % but on all three at 20 %, the quoted range shall be 10 % to 20 %.
Graphical presentation can be used to assist in interpretation of the results.

A method that has been found useful is to plot the logarithm of the strain against the logarithm of the time to
first cracking — both the longest time for which no cracks are seen and the earliest time when cracks are
observed can be plotted. Where possible, a smooth curve can be drawn taking into account the gap between
the longest time with no cracks and the earliest time with cracks at each strain to assist in the estimation of the
threshold strain for any time within the test period (see Figure 4). For some rubbers, the curve can
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approximate to a straight line but this shall not be assumed since it can lead to large errors in estimating the
threshold strain. Unless otherwise specified, report the threshold strain for the longest test period.

NOTE

threshold strain to be observed.

Key

NOT

12

The

80 -

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

60 [~
50 | 1

L0

20 -

10 -

Time, h (log scale).
Strain, % (log scale).

ast observation with no cracking
irst observation with cracking
ho cracking

E For the example shown, the threshold strain at 48 h = 10 %.

Figure 4 — Presentation of results in graphical form

Test report

est report shall include the following information:

a) sample details:

b)

3)

1) afull description of the sample and its origin;

2) compound identification;

test method:

1) areference to this part of ISO 1431 (ISO 1431-1);

© 1SO 2004 - All rights reserved

the method of preparation of the test pieces, for example whether moulded or cut;
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c)

d)

e)

12

2) whether testing was carried out in the static or dynamic test mode;

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

4) the procedure used (A, B or C);

5) the type of test piece and its dimensions;

6) whether a rotating carrier was used;

test details:

1) the|ozone concentration and the method of estimation;

2) the|temperature of testing;

3) the|temperature of conditioning;

4) thelhumidity, if other than that specified;

5) the|ozonized-air flow rate, in cubic metres per second, and the ozonized-air velocity, in metre
sedond;

6) the|maximum strain(s) on the test pieces;

7) the|duration of the test;

8) for|intermittent dynamic exposure only, the duration of the alternate dynamic and static expg
perjods;

9) dethils of any non-standard procedures;

test restilts:

1) the|number of test pieces tested at.each strain;

2) for|procedure A, whether cracking occurred (if required, the nature of any cracking can als|
given);

3) for|procedure B, theCtime to the first appearance of cracks for each elongation or, for contin
dyrlamic exposure‘tests, either the time or the number of cycles to the first appearance of cracks;

4) for [proceduré© (static strain test), the observed range of threshold strains for a suitable expd
perjod or periods, or the limiting threshold strain;

the datg of-the test.

5 per

sure

o be

LIOUS

sure
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