INTERNATIONAL ISO
STANDARD 188

Sixth edition
2023-03

D E—

Rubber, vulcanized or
thermoplastic — Accelerated ageing
and heat resistance tests

Caoutchouc vulcanisé ou thermoplastique — Essais de rgsistance au
vieillissement accéléré et a laxchaleur

Reference number
ISO 188:2023(E)

© IS0 2023



https://standardsiso.com/api/?name=beb355cec49a0c10aa8b77c6288ad593

ISO 188:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© 1502023

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2023 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=beb355cec49a0c10aa8b77c6288ad593

ISO 188:2023(E)

Contents Page
FFOT@WOTM.........cccocveveveesesee st iv
IIMEIOMUICTION ...t v
1 SCOPI@ ... 1
2 NOTMATIVE FEEEI@IICES ............oooooo s 1
3 Terms aNd AefINITIONIS ...t 1
4 Principle.........c.

4+ Gepert———

4.2  Accelerated ageing test..

4.3 Heat reSISTANCE TEST . ... e D
5 APPATATUS ... T | 2
6 LOF= 11102 o 110 OO S S IS 6
7 TESE PIECES ..o s e 6
8 Time interval between vulcanization and testing............... % o, 7
9 Ageing conditions (duration and temperature)

9.1 GENETAL.oooo e

9.2 Accelerated ageing test

9.3 Heat reSISTANCE LS. ... s
10 PTOCEAUIE........ccccooooooiieiesieesnsesssssssssssssssssssssssssssse Fiossssssssssesssssss s sssesssssssssssessssessssessssssssoo| s 8
11 EXPression Of TESUIES ... G oo 8
12 Precision
13 Test report
Annex A (informative) Determination,of the air speed inside the ovens with forced air

circulation
Annex B (informative) Precision
Anney C (informative) Guidance for using precision results
Annex D (normative) Calibration schedule
BiDLIOBIAPIY ... e e 22
© 1S0 2023 - All rights reserved iii


https://standardsiso.com/api/?name=beb355cec49a0c10aa8b77c6288ad593

ISO 188:2023(E)

Foreword

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

Accelerated ageing and heat resistance tests are used to determine the change of defined properties of
rubber and thermoplastic elastomers over a specified period. These properties are compared before
and after the accelerated ageing and heat resistance tests.

In accelerated ageing, the rubber is exposed to an elevated temperature with the intention to simulate
the effect of natural ageing in a shorter time. The degree of acceleration depends on the tested material
as well as to the property being evaluated.

In the case of heat resistance tests, the rubber is exposed to prolonged periods at the operation

tempefpature of the matertat:

Two types of ovens are specified in this document, cell ovens and cabinet ovens. Cabinet o
four types as described in Clause 5.
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ange of properties not only depends on the temperature but can also depend on
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nt results.

Juences of these effects are

sults.

different materials are compared, it is récommended to perform the accelerated
more than one elevated temperature as, different rubbers might show a different
haviour (change of properties) at certain operation temperatures.

is important to determine the proeperties of the rubber for the accelerated ageir
e used for the intended material application. Only these properties should be
aluation of the test results.df these properties give a different ranking of the materi
commended to agree on.alead property for evaluation. It is also recommended, that
operties are measured according to an international standard or an equivalent test

en ageing should wot be used to simulate natural ageing under stress (bent or s
and the presence’of light or ozone.

mate lifetime or maximum temperature of use, tests can be performed at several
e results_tan be evaluated by using an Arrhenius plot or the Williams Landel
on as.described in [SO 11346.
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INTERNATIONAL STANDARD ISO 188:2023(E)

Rubber, vulcanized or thermoplastic — Accelerated ageing
and heat resistance tests

WARNING — 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. It is the responsibility of the user to establish appropriate safety and health practices and to
determine the applicability of any other restrictions.

1 S¢ope

This document specifies accelerated ageing or heat resistance tests on vulcamized or thermoplastic
rubbers/thermoplastic elastomers. Four methods are possible, they are detailedin Clausq 5.

2 Nprmative references

The fdllowing documents are referred to in the text in such a way that some or all of|their content
constifutes requirements of this document. For dated references, only the edition citel applies. For
undat¢d references, the latest edition of the referenced document (including any amendmjents) applies.

ISO 18899, Rubber — Guide to the calibration of test equipment
ISO 23529, Rubber — General procedures for preparinig and conditioning test pieces fonf physical test
methofls

3 Terms and definitions

No terjms and definitions are listed in this document.

ISO and IEC maintain terminology databases for use in standardization at the following agldresses:

— ISP Online browsing platferm: available at https://www.iso.org/obp

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

4 Principle

4.1 (General

Test plieces are PancPd to air at a given elevated temperature and at ;ﬂ'mncphpri(‘ pressure with
controlled conditions of air circulation.

Physical properties are measured before and after exposure and the results compared.

The physical properties that are important for the intended application of the material should be
used to determine the effects of exposure. In the absence of any indication of these properties, it is
recommended that tensile strength, stress at intermediate elongation, elongation at break (in
accordance with ISO 37) and hardness (in accordance with ISO 48-2) are measured.

4.2 Accelerated ageing test

Test pieces are subjected to a higher temperature than the rubber would experience in its intended
application to simulate the effects of natural ageing in a shorter time.

©1S0 2023 - All rights reserved 1
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4.3 Heat resistance test

Test pieces are subjected to the temperature they would experience in their intended application to
gain information about their service performance.

5 Apparatus

5.1 Airove

n.

The oven shall be of such a size that the total volume of the test pleces does not exceed 10 % of the free

space in the
from each ot
sides of the oy

The temperat
the specified
A temperatur
actual ageing

No copper or

Method A: uj
pieces and aif

Method B: u
exchange ratg

Method C: us
the test piece

For method A,

less than thrdg

Method D: Us
and air excha

For method 0},

30 changes p¢

Depending o the influence of'the air speed/air exchange on the results, to get comparable 1}

always the sa

The incoming
reaching the {

er and in cabinet ovens and ovens with forced air circulation, at least 50 mm dfr:

ren.

ure of the oven shall be controlled so that the temperature of the test piecé€gis kept

e sensor shall be placed inside the heating chamber close to the testpieces to indic
temperature.

copper alloys shall be used in the construction of the heating chamber.

ing a cell or cabinet oven with low air speed, laminar fleyw.of air past the stationa
exchange rate between 3 and 10 changes per hour.

5ing a cabinet oven with high air speed, laminar flow of air past the test pieces 4
between 3 and 10 changes per hour.

carrier and air exchange rate between 3 and 10 changes per hour.

B and method C, provision shall belmade for a slow flow of air through the oven
e and not more than ten air changeésper hour.

ing a cabinet oven with highairspeed, turbulent flow of air past the stationary test
hge rate greater than 30 changes per hour.

an air flow between-0,25 to 3,0 m/s is necessary as well as an air exchange rate
er hour.

ime method shietild be used to compare the ageing behaviour of different materials.

air in_the/oven should be heated up to the temperature within a +1 °C tolerance
est pieces.

within

Lolerance for the specified ageing temperature (see Clause 9) for the wholé ageing period.

hte the

[y test

nd air

ng a cabinet oven with high air speed, turbulent flow of air past the test pieces, rotation of

of not

pieces

above

esults

before

The ventilatiq

n{or air change rate) can be determined by measuring the volume of the oven ch

amber

and the flow of air through the chamber.

NOTE

To ensure a good precision when doing ageing and heat resistance tests, it is very important to keep

the temperature uniform and stable within the oven and during the test. Therefore, it is necessary and to verify
that the oven used, is within the temperature limits at all test piece locations and during the complete testing
time. Increasing the air speed in the oven improves temperature homogeneity. However, air circulation in the
oven and ventilation influences the ageing results. With a low air speed, accumulation of degradation products
and evaporated ingredients, as well as oxygen depletion, can happen. A high air speed may increase the rate of
deterioration, due to increased oxidation and migration of plasticizers and antioxidants.

NOTE Method D oven can be used for short term testing up to 168 h.

© IS0 2023 - All rights reserved
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5.2 Method A cell oven.

The oven shall consist of one or more vertical cylindrical cells having a minimum height of 300 mm.
The cells shall be surrounded by a thermostatically controlled good heat transfer medium (aluminium
block, liquid bath, or saturated vapour). Air passing through one cell shall not enter other cells.

Provision shall be made for a slow flow of air through the cell. The air speed shall depend on the air
change rate only.

5.3 Method A cabinet oven.

The oven should consist of a single chamber without separating walls. Provision shall be made for a
slow flow of air through the oven. The air speed shall depend on the air change rate only, and no fans
are allowed inside the test chamber.

5.4 Method B, C and D cabinet oven with forced air circulation.
One of{the following three types shall be used:
a) Mgpthod B cabinet oven with laminar air flow and forced air circulation (see Figure 1)

The air flow through the heating chamber shall be as uniform and laminar as posgible. The test
pipces shall be placed so that the smallest surface faces theZair'flow to avoid disrupting the air flow.
T:[e air speed shall be between 0,5 m/s and 1,5 m/s.

The air speed near the test pieces can be measured by, means of an anemometer.

©1S0 2023 - All rights reserved 3
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Figure 1 — Example of method B cabinet oven with laminar air flow

cabinet oven withforeed air circulation, turbulent air flow and provision for rotating the

carrier (see Figure2).

The air entering frond/a*Side-wall air-inlet into the heating chamber is turbulent around the test
pieces, which are suspended on a carrier rotating at a speed of five to ten rotations per mirjute so
are exposed to the heating air as uniformly as possible. The average air speed shall be

that they
0,5m/s 4

The aver

0,25'mys.

hoe/air speed near the test pieces can be calculated from measurements made with an

anemometer at nine different positions (see Figure A.1). A suitable method of measurement is
described in Annex A.
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and provision for rotating the test piece carrier

Method D cabinet oven with turbulent air flow (see Figure 3).

The air entering from a back-wall air-inlet into the heating chamber is turbulent around the test
pieces, which are suspended inside the oven in such a way that they are exposed to the heating air
as uniformly as possible. The average air speed shall be between 0,25 m/s and 3,0 m/s.

The average air speed near the test pieces can be calculated from measurements made with an
anemometer at nine different positions (see Figure A.1). A suitable method of measurement is

described in Annex A.
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a  Airinlet.
b Air outlet.

¢ Turbulentfair flow.
Figure 3 — Example of method D cabinet oven with turbulent air flow

NOTE Thetolerances for methodDyare larger which makes it less suitable for exposures longer than |68 h.

6 Calibration

The test appalratus shathbe calibrated in accordance with Annex D.

7 Test pigces

Select and prepare the test pieces necessary for the tests to be carried out, in accordance with the
requirements of ISO 23529.

Only test pieces of the same dimensions, having the same exposed areas shall be compared with
each other. The number of test pieces shall be in accordance with the International Standard for the
appropriate property tests.

The test pieces shall be capable of being identified after the test, for example by marking. Any method
can be used that can withstand the exposure and does not affect the properties of the test piece or
change the air flow.

NOTE Heat resistant tags attached with heat resistant string are satisfactory. Some marking inks can affect
the ageing of the rubber or wear off during exposure.

6 © IS0 2023 - All rights reserved
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Avoid simultaneous heating of different types of compound in the same oven, to prevent the migration
of sulphur, antioxidants, peroxides, or plasticizers. For this purpose, the use of individual cells is highly
recommended. If it is not practicable to provide equipment with individual cells, it is recommended that
only the following types of material be heated together:

a) polymers of the same general type;

b) vulcanizates containing the same type of accelerator and approximately the same ratio of sulphur
to accelerator;

c) rubbers containing the same type of antioxidant;

nnnnnnnnnnnnn £l
T

d r 128 1 tha caran tyzna o Q1a g a chicizay
DO eSS CohttaHH g e Sathety petattaaothic o prastetZes:

8 Time interval between vulcanization and testing

Unlesy otherwise specified for technical reasons, the following requirements, in accprdance with
ISO 23529 for time intervals, shall be observed.

For tegt purposes in cases of arbitration, the minimum time shall be 72 h

9 Ageing conditions (duration and temperature)

9.1 (General

Unlesqd otherwise specified for technical reasons, _the following requirements, in accprdance with
ISO 23529 for ageing time and temperatures, shallbe observed.

Differ¢nt type of rubbers and thermoplastic(elastomers may require different periods| of testing to
obserye any changes in properties. The ageing duration should not lead to a damage of the|test pieces so
that itfis impossible to measure the required properties.

The uge of high ageing temperatures may cause different degradation mechanisms than at operating
tempefatures, which invalidates-the results.

To get|the temperature as accurate as possible a calibrated temperature sensor shall be glaced close to
the tegt pieces and use this\te set the oven to the required temperature. Use the correctign factor from
the calibration certificate.of the oven to get as close as possible to the true temperature.

For m¢thods A, B and-€ the ovens shall have a set point resolution of 0,1 °C. For Method D J °C resolution
is accgptable.

It is crjucialdfor comparable and reproducible results that the temperature is kept as stable as possible.
Tempdrature tolerances stated in ISO 23529 are *1 °C (up to and including 100 °C) and £2{°C (125 °C up
to and|ificluding 300 °C). However, studies have shown that a 1 °C change in temperaturg¢ corresponds
to a 10 % difference in ageing time at an Arrhenius factor of 2, or 15 % at a factor of 2,5. This means that
two laboratories carrying out ageing at 125 °C can have ageing times which differ by 60 % from each
other and still be within the specification.

9.2 Accelerated ageing test

If the duration of ageing and the ageing temperature are not in accordance with ISO 23529, they can
be agreed between the interested parties based on the product specification. The ageing shall be
performed at atmospheric pressure.

9.3 Heatresistance test

If the duration of ageing and the ageing temperature are not in accordance with ISO 23529, they can
be agreed between the interested parties based on the product specification. The temperature shall

©1S0 2023 - All rights reserved 7
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be representative of the operating temperature and the heating shall be performed at atmospheric

pressure.

10 Procedure

Heat the oven to the required temperature and place the test pieces in it. When using a cell-type oven,
only one rubber or compound shall be placed in each cell. The test pieces shall be free from strain,
freely exposed to air on all sides and not exposed to light.

When the heating period is complete, remove the test pieces from the oven and condition them for no
less than 16 h and no more than 6 days, strain-free in the atmosphere as required in the appropriate

test method

11 Express

The results s
property test|

The test resu
percentage ch

Xa —Xp %
Xo
where
Xg s 4
X is t

a

Exception: ex

NOTE Thd

formula is used to describe the table of ingredients in a rubber compound.

12 Precision

See Annex B.

13 Test report

The test repo

bT the property being measured.

ion of results

hall be expressed in accordance with the International Standard for the apprd
5.

ts for both the unaged and the aged test pieces shall be reported together, as well
ange in the value of the property measured as calculated by/Formula (1):

100

he value of the property before ageing;
he value of the property after ageing.
press changes in hardness always'asthe difference x, - x,,.

rubber industry uses the term.equation for the relationships herein termed formula. Th

-t shall include the following information:

a)

a reference to this document, i.e. ISO 188:2023;

b) the sample details:

priate

as the

€y

e term

1) afull description of the sample and its origin,
2) details of the compound and its condition of cure, if known,
3) the time interval between forming and testing,
4) the method used to prepare the test pieces (e.g. moulding, cutting from the sample) and the
location where the test pieces were taken from the sample;
c) the test method:
1) areference to this document,
8 © IS0 2023 - All rights reserved
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2) the method used (A, B, Cor D),
3) the properties determined and the type of test piece used;
d) the test details:
1) the type of oven used,
2) the number of test pieces used,
3) whether accelerated ageing or a heat resistance test was carried out,

4) the temperature and duration of ageing,

5)| details of any procedures not specified in this document;
e) thle testresults:

1)| the individual values before and after ageing, expressed in accordance with the|lnternational
Standards for the appropriate property tests,

2)| the changes in the property values, expressed as a percentage or, for hardness, as the difference
between the values;

f) thle date of the test.

©1S0 2023 - All rights reserved 9
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Annex A
(informative)

Determination of the air speed inside the ovens with forced air

A.1 Scope

This annex d{

ovens.

A.2 Appar

A portable anemometer can be used.

A.3 Proce

A.3.1 Thea

piece. For thig

chloride)] or

Drill three hdles into the plate, each big enough to allow:ad anemometer to be inserted through
located 70 mi

Figure A.1).

A.3.2 Then

A.3.3 Open
oven can be o

A.3.4 Operd
speed atall n
the anemome

A.3.5 For nj
main airflow

circulation

bscribes a method for determining the air speed method B, method C and method

atus

dure

r speed should be measured at nine positions at the,level of the centre of a suspend
purpose, prepare an at least 2 mm thick transpatent plastic plate made of PVC [(poly
PMMA [(poly(methyl methacrylate)], of the same size as the door of the oven ch

m from the left and right edge, respectively, and one centred between the other tw

easurement of the air speed should be carried out at a standard laboratory temper

perated even the door is.open.

te the oven andrinsert the anemometer sensor through each aperture. Measure
ne positions as indicated in Figure A.1. Keep the gap between the plate and the ha
ter airtight. The two not used apertures shall be closed during measurement.

ethod D type ovens make sure that the anemometer is inserted in the direction
(batk'to front) of the oven.

D type

pd test
r(vinyl
hmber.
it, two
7o (see

hture.

the door of the chamber and fix the plastic plate in the door opening. Make sure that the

he air
ndle of

of the

A.3.6 Read the maximum value of the air speed at each position to avoid any effect due to the
directionality of the sensor.

A.4 Calculation of result

A.4.1 Calcu

10

late the mean value of the air speed measured at the nine measurement positions.
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Dimensions in millimetres

70 70
R | |
] ] [ ] [ \4-
i ‘
1 2 3
Key
1 plastic plate
2 aperture
3 ddor opening
4  measurement position

Figure A.1 — Positions for measuring air speed inside the oven

©1S0 2023 - All rights reserved 11
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Annex B
(informative)

Precision

B.1 General

Two interlabd
reproducibilif
and the resul
and nomencld

B.2 Precis

B.2.1 Prep4d
types NR, NB

The ageing ti
150 °C for AE

B.2.2 A tot4
ageing by met
B. For certain
these tests fe

listed in the precision tables.

B.2.3 Theh

The three tensile strength propertieswere measured in accordance with ISO 37 on five test

before and af

B.2.4 The precision determijned’/in this ITP is a type 1 precision, i.e. fully prepared test piece

submitted to
precision, wi
distinction to

The symbols

ratory test programmes (ITPs) and the precision calculations to express repeatabil
y were performed in accordance with ISO/TR 92721, The first ITP was organized i
s analysed in 1997, and the second one in 2005. Consult ISO 19983 for precision co

ion details of the first ITP

R, EPDM and AEM). Ageing was carried out by both methed A and method B.

M.

1l of 16 laboratories participated in this ITRiEleven of the laboratories carried d
hod A and ten laboratories by method B. Five of the laboratories used both method
of the tests carried out after ageing, values were missing from the compiled data, ¢
ver than these numbers of laboratoriesswere involved. The actual number for each

Ardness was measured in aceordance with 1SO 48-2, method M, before and after ¢

fer ageing. Type 1 and type 2 dumb-bell test pieces were used.

all laboratories: The precision is also an intermediate-term or intermediate time
th a time of(tw0 to three weeks between the two replicate determinations. Thi
the more-usual day 1 to day 2 replication with a few days between the determinati

1sed tn.the tables are as follows:

r
Q)
R
(R)

repeatability in measurementunits:
|34 JT T

ture. Annex C gives guidance on the use of repeatability and reproducibility resulty.

ty and
h 1996
hcepts

red test pieces were sent out to all participating laboratories using four compounds (of

e was 168 h for all compounds, at 70 °C for NR, 100>°C for NBR, 125 °C for EPDM and

ut the
A and
nd for
testis

1geing.
pieces

5 were
period
S is in
pns.

repeatability, expressed as a percentage of the average;
reproducibility, in measurement units;
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B.3 Precision results from the first ITP

ISO 188:2023(E)

B.3.1 The precisionresults are given in Tables B.1 to B.4 for method A (low air speed) and in Tables B.5
to B.8 for method B (high air speed). In these tables, no values of the relative precision (r) and (R) are
given for the individual materials because many of the mean values of the performance parameters are
near zero and this gives very large (r) and (R) values that have little meaning. The tables do give a mean
value (similar but not equal to a pooled value) for all four materials together. These overall means are
useful in comparing the relative precision of the four types of test performed. The relative precision for
these overall means enables the two methods (A and B) to be compared.

B.3.2 On reviewing the tables, it will be observed that there is only a small difference between the

repeat
been (

ability r and the reproducibility R, and in several cases the two are equal. This phg

bserved in the previous edition of this document ageing-precision testing. This

nomenon has
Hemonstrates

that a|very large component of the variation observed in this type of testing is not due to differences
betwepn laboratories but is due to some inherent source of variation that is‘just as likely to occur
“withipn” a laboratory as on a “between”-laboratory basis. This unknown source’is connected with the
ageing process.
Table B.1 — Ageing precision determined from changein hardness (IRHD)
(method A: low air speed)
. Mean change Within laboratory Between laboratories| | Number of
Material
% r 69 R (R labs

NR 31 3,10 3,63 11
NBR 4,4 2,08 3,68 11
EPDM 22,0 5,50 10,30 11
AEM 39 6,78 7,78 11
Absolute mean (without 8,3 4.4 6,3
regard to sign)
Relatiye precision 53 76

Table B.2 — Ageing(precision determined from change in tensile strength ([TS,)

(method A: low air speed)
) Mean change Within laboratory Between laboratories| | Number of
Material
% r n R (R) labs

NR -8,7 8,43 9,34 11
NBR 6,6 9,26 11,83 11
EPDM 4,1 8,24 14,92 11
AEM 93 813 16,7t 11
Absolute mean (withoutre- 7,2 8,5 11,7
gard to sign)
Relative precision 118 162
©1S0 2023 - All rights reserved 13
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Table B.3 — Ageing precision determined from change in stress at 100 % elongation (S;,)

(method A: low air speed)

Material Mean change Within laboratory Between laboratories | Number of
% r @) R (R) labs

NR 25,2 13,4 16,0 11
NBR 38,4 26,8 26,8 11
EPDM 2471 78,9 135,3 11
AEM 0,4 15,4 22,7 11
Absolute mean (without 77,7 33,6 50,2
regard to sign)
Relative precifsion 43 65

Tabléd

(method A: low air speed)

B.4 — Ageing precision determined from change in elongation at break (E})

. Mean change Within laboratory Between laboratories | Number of
Matejrial
% r @) R (R) labs
NR -13,3 10,36 10736 11
NBR -17,7 14,00 14,00 11
EPDM -66,5 4,85 7,44 11
AEM 0,8 7,72 17,12 11
Absolute mear] (withoutre- 24,2 9,2 12,2
gard to sign)
Relative precifsion 38 50

Table B.5 — Ageing precision determined from change in hardness (IRHD)
(methodB: high air speed)

. Mean change Within laboratory Between laboratories | Number of
Matefial
% r @) R (R) 1abs
NR 41 5,14 5,14 10
NBR 8,7 3,20 5,29 10
EPDM 35,9 3,89 9,67 10
AEM 8,0 5,04 8,00 10
Absolute mear] (withoufte- 14,2 4,3 7,0
gard to sign)
Relative precikion 30 49

Table B.6 — Ageing precision determined from change in tensile strength (TS,)

(method B: high air speed)

Material Mean change Within laboratory Between laboratories | Number of
% r @] R (R) labs
NR -8,5 7,07 9,23 10
NBR 12,3 12,88 12,88 10
EPDM 79 11,88 11,88 10
AEM -4,4 8,93 10,73 10
14
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Table B.6 (continued)

Material Mean change Within laboratory Between laboratories | Number of
% r )] R (R) labs
Absolute mean (withoutre- 8,3 10,2 11,2
gard to sign)
Relative precision 122 134

Table B.7 — Ageing precision determined from change in stress at 100 % elongation (S;(,)
(method B: high air speed)

. Mean change Within laboratory Between laboratories| | Number of
Material
% r 3] R R) labs
NR 24,3 10,3 14,0 10
NBR 54,4 25,0 26,7 10
EPDM 392,1 62,5 194,0 10
AEM 19,3 12,0 14,1 10
Absolyte mean (withoutre- 122,5 27,4 62,2
gard tp sign)
Relatiye precision 22 51

Table B.8 — Ageing precision determined from,change in elongation at break (E})
(method B: high:air speed)

Mean civ s .
Within\laborator Between laboratories
Material change y Number of
labs
% r 9] R (R)

NR -14,8 6,86 9,65 10
NBR -19,3 9,41 13,14 10
EPDM -73,0 5,76 8,89 10
AEM £3)3 9,39 11,80 10
Absolyte mean (withoutre- 27,6 79 10,9
gard tp sign)
Relatiye precision 29 39

B.4 Precision details of the second ITP

B.4.1 | Poepared test pieces were sent out to all participating laboratories using three compounds
(of types of NR, NBR and EPDM). Ageing was carried out in type 1 and type 2 ovens using method B
(method B cabinet ovens and method C cabinet ovens).

The ageing time was 72 h and 168 h for all compounds at 85 °C for NR, 100 °C for NBR and 125 °C for
EPDM.

B.4.2 Atotal of 11 laboratories participated in this ITP. Five of the laboratories carried out the ageing
in type 1 ovens (method B cabinet ovens) and six laboratories in type 2 ovens (method C cabinet ovens).
The actual number of laboratories for each test is listed in the precision tables.

B.4.3 The three tensile strength properties were measured in accordance with ISO 37 on five test
pieces before and after ageing. Type 1A test pieces were used. Hardness was omitted from the analysis
because there were insufficient test results.

© IS0 2023 - All rights reserved 15
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B.4.4 The precision determined in this ITP is a type 1 precision, i.e. fully prepared test pieces were
submitted to all laboratories. The precision is also an intermediate-term or intermediate time period
precision, with a time of two to three weeks between the two replicate determinations. This is in
distinction to the more usual day 1 to day 2 replication with a few days between the determinations.

The symbols used in Tables B.9 to B.14 are the same as those for the first ITP.

B.5 Precision results from the second ITP

B.5.1 The precision results are given in Tables B.9 to B.11 for type 1 ovens (method B cabinet ovens)

and in Tables

for the

two ageing times, 72 h and 168 h, are included, but no values of the relative precision (r) and+(R) are
given for the|individual materials, as in the first ITP. The relative precision for these overatll means
enables the tyo types of oven to be compared in the same way as in the first ITP.

B.5.2 On reviewing the tables, it can be seen that the type 1 and type 2 ovens, (method B dabinet
ovens and mdthod C cabinet ovens) give almost the same precision. The type 2 pven (method C dabinet
oven) in fact gives slightly more uniform ageing and a slightly larger change in the’properties on 4geing.

Table B.9 — Ageing precision determined from change in tensile strength (TS;)

(type 1 oven) (method B cabinet oven)

. Mean change Within laboratory Between laboratories | Numbér of
Mateyial
% r (3] R (R) labs
NR, 72 h -3,2 4,2 8,7 5
NR, 168 h -11,5 6,7 15,7 5
NBR, 72 h 0,5 6,0 13,8 5
NBR, 168 h -4,0 11,6 11,3 5
EPDM, 72 h -6,0 ’7 10,3 5
EPDM, 168 h -7,8 14,9 19,0 5
Absolute mean (without 5,5 8,5 13,1
regard to signlﬁ
Relative precifion 155 238

Table B.1(] — Ageing precision determined from change in stress at 100 % elongation (S};o,)
(type 1 oven) (method B cabinet oven)

Matekial Mean change Within laboratory Between laboratories |Numpber of
% r () R (R) Igbs

NR,72h 26,6 30,0 30;8 5
NR, 168 h 45,6 54,1 45,7 5
NBR, 72 h 39,5 7,4 48,5 5
NBR, 168 h 52,1 8,2 59,7 5
EPDM, 72 h 78,3 44,5 58,0 5
EPDM, 168 h 102,5 48,0 78,2 5
Absolute mean (without 574 32,0 53,5
regard to sign)
Relative precision 56 93

16
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Table B.11 — Ageing precision determined from change in elongation at break (E})
(type 1 oven) (method B cabinet oven)

Material Mean change Within laboratory Between laboratories |Number of
% r @) R (R) labs

NR, 72 h -12,5 11,9 9,6 5
NR, 168 h -19,3 1,4 13,8 5
NBR, 72 h -23,0 4,7 15,6 5
NBR, 168 h -29,3 9,1 13,1 5
EPDM, 72 h -42.8 59 4.2 5
EPDM]| 168 h -49,3 13,3 11,4 5
Absolyte mean (withoutre- 29,4 7,7 11,3
gard tp sign)
Relatiye precision 26 38

(type 2 oven) (method C cabinet oven)

Table B.12 — Ageing precision determined from change in tensile strength [TS,)

Material Mean change Within laboratory Between laboratorie§ |Number of
% r 3] R (R) labs

NR, 74 h -4,4 7,5 5,5 6
NR, 148 h -16,1 9,4 9,5 6
NBR, 72 h -6,7 7,8 17,2 6
NBR, 168 h -9,6 7,3 8,2 6
EPDM| 72 h -9,5 7,2 10,3 6
EPDM]| 168 h -9,6 12,7 14,0 6
Absolyte mean (withoutre- 9,3 8,7 10,8
gard tp sign)
Relatiye precision 94 116

Tablle B.13 — Ageing precision determined from change in stress at 100 % elonggtion (S;,,)
(type 2 oven) (method C cabinet oven)

Material Mean change Within laboratory Between laboratories| | Number of
% r 3] R (R) labs

NR, 74 h 38,4 31,5 24,5 6
NR, 148" 59,1 36,7 29,8 6
NBR, 72 h 53,7 10,4 24,7 6
NBR, 168 h 75,0 28,5 28,9 6
EPDM, 72 h 88,2 27,4 32,2 6
EPDM, 168 h 112,1 39,6 59,6 6
Absolute mean (withoutre- 71,1 29,0 33,3
gard to sign)
Relative precision 41 47
©1S0 2023 - All rights reserved 17
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Table B.14 — Ageing precision determined from change in elongation at break (E}))
(type 2 oven) (method C cabinet oven)

Material Mean change Within laboratory Between laboratories |Number of
% r (3] R (R) labs

NR, 72 h -15,6 13,8 10,2 6
NR, 168 h -26,1 13,0 10,2 6
NBR, 72 h -29,6 91 12,7 6
NBR, 168 h -36,0 1,6 39 6
EPDM, 72 h -47.9 14.5 14.7 6
EPDM, 168 h -53,2 10,4 16,9 6
Absolute mean (without 34,7 10,4 11,4
regard to sign
Relative precifion 30 33

18
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