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Foreword

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

The rate of a chemical reaction normally increases with increase in temperature. By exposing test pieces
to a series of elevated temperatures, the relation between the reaction rate of degradative mechanisms
and temperature can be deduced. Estimates can then be made by extrapolation of the degree of
degradation after a given time at a given temperature or the time at a given temperature to reach a
given degree of degradation.

The reaction rate/temperature relationship can often be represented by the Arrhenius equation.
The reaction rate at any given temperature is obtained from the change in the value of a selected

prop

a particular degree of degradation (threshold value) and this might be the only measure

prop

The 4
for tq

Ana

erty/temperature relation is complex.

ternative approach for rubbers is to use the Williams Landel Ferry (W.LF) equation. T

performs a time/temperature transformation and no assumptions are made as to the

prop

erty/time relation at any temperature. Hence, in principle, it can be applied to any physi

including set and relaxation, or where the property/time relationis cemplex. Further expla
use df the WLF equation can be found in the literature.[1]

Duri

hg the preparation of this International Standard, account was taken of the contents o

and IEC 60216.[3]
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Arrhenius approach is only suitable for chemical degradation reactions and might give wirong results
sts where physical (viscoelastic) changes cannot easily be separated from chemical cHanges.
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Rubber, vulcanized or thermoplastic — Estimation of life-
time and maximum temperature of use

1 Scope

This International Standard specifies the principles and procedures for estimating the thermal

endurance of TubbersfronT the Tesuits of EXpOSUTe to elevated temperatures for 1og Periogls.

Two

hpproaches are specified (see Introduction):

— o¢ne using the Arrhenius relation;

— 1

he other using the WLF equation.

In thlis International Standard, the estimation of thermal endurance is-based solely on tH

seled

ted properties resulting from periods of exposure to elevated temperatures. The variou

of rupbers change at different rates on thermal ageing, hence comparisons between diffey

can ¢

nly be made using the same properties.

2 Normative references

The

indig
refer
ISO 1

ISO 2

3
For t

3.1
life-1
time
atth

3.2
max

following documents, in whole or in part, are aQrmatively referenced in this docunj
ences, the latest edition of the referenced ddcument (including any amendments) appl
88, Rubber, vulcanized or thermoplastic:>= Accelerated ageing and heat resistance tests

3529, Rubber — General proceduresfor preparing and conditioning test pieces for physical

Terms and definitions

he purposes of this decument, the following terms and definitions apply.

ime
at which theamdterial under test has reached the specified threshold value for the pro
e temperature of use

jmum temperature of use

pensable for its application. For dated referénces, only the edition cited applies. F

e change in
s properties
ent rubbers

ent and are
or undated
es.

fest methods

perty tested

temp

erature at which the material under test has reached the qpprifipd threshold value for

tested after the specified time

3.3

threshold value
particular degree of degradation which is taken as the maximum acceptable for the property being tested

Note

1 to entry: The time to reach the threshold value can be used to represent the reaction rate

4 Principle

he property

At a chosen test temperature, the variations in the numerical value of a chosen property, for example a
mechanical or viscoelastic property, are determined as a function of time.
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The testing is continued until the relevant threshold value of that property has been exceeded.
Further tests are carried out at least two other temperatures.

For the Arrhenius procedure, the measures of the reaction rates obtained are plotted logarithmically
as a function of the reciprocal of temperature and the straight line obtained is extrapolated back or
interpolated to the temperature of use.

For the WLF procedure, the shift constants are calculated and used to transpose the property/time
relation to the temperature of use.

5 Selection of tests and ageing oven

The tests chjpsen should preferably relate to properties which are likely to be of significanceinpragtice.
Wherever ppssible, use shall be made of methods of test specified in International Standakds.

For general [evaluations, hardness, and tensile stress-strain properties are commonly used, but stress
relaxation ofr set in compression, for example, is desirable for sealing applications.

For the ageihg of test pieces, a circulating-air oven meeting the requirements-ofISO 188 shall be used.

6 Selectjon of threshold value

The threshqgld value shall be chosen as the degree of degradation:that is the maximum acceptable for
the property being tested and the end use. Commonly, 50 % of thé.initial value of the property is chpsen.

The test shquld normally be continued for a long enough périod for the threshold value to be reaghed.
Although it Is possible to extrapolate to greater degrees, ofidegradation, this is not recommended.

7 Test pleces

7.1 The djimensions and method of preparation of the test pieces shall be in accordance with the
relevant test method standard.

7.2 The minimum total number, njof test pieces required for a destructive test method depends on:
— the number of test pieces, @, required for a single test in accordance with the test method stanglard;

— the number of different ageing periods, b, necessary to obtain the property/time relationship at any
one expjosure temperature;

— the nunjber ofexposure temperatures, c.

The minimunrnumber of test pieces required is given in Formula (1):

n=abc+a 1)
It is recommended that additional test pieces are aged at each temperature in case problems occur after
several weeks, months oryears of ageing, or an extra exposure temperature isrequired to improve precision.

The minimum number of test pieces required for a non-destructive test method is normally given
in Formula (2):

n=ac (2)
When measuring compression set, tension set, and relaxation, the tests are preferably done on the

same test pieces, at the different times, to reduce the number of test pieces needed. This also reduces
variations in the test results.

2 © ISO 2014 - All rights reserved
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It might be necessary, in addition, to carry out trial runs to determine the exposure temperatures and

then

NOTE

umber of test points required at each temperature.

While it is possible to reduce the number of test pieces for each test from that given in the test method

standard to economize on testing, extrapolation of the results requires the best possible precision and in some
circumstances it might be advisable to increase the number of test pieces.

8 Exposure temperatures

Selection of the exposure temperatures involves knowing beforehand the approximate ageing

characteristics of the material under test. With no previous knowledge of the material, expl

will
suite

Test
the |
temp
Likey
nots
from

NOTH
temp

9

The
expo
the p

The

char
case
conc

10 ]

Meas

test method standards.

Placd

have to be carried out. This information will assist in selecting the exposure tempe
d for the evaluation of the material.

pieces shall be aged at not fewer than three temperatures covering a range adequate
fe-time estimation by extrapolation with the required degree of accuracyyThe lowd
erature shall be chosen so that the time taken to reach the threshold alue is at le
vise, the highest temperature shall be chosen so that the time taken te,reach the thres
horter than 100 h. The temperatures used should preferably be standard test temper4
1SO 23529.

To obtain an estimate of the life-time with adequate precisiofi will often require more t}
Pratures.

Exposure times

broperties chosen to measure the reaction rate shall be tested after each of at least f
sure times at each temperature, but more-e¥posure times will normally be needed if
roperty/time curve is to be established.

pxposure times shall be such as to enable the property chosen to measure the reactiq
hcterized adequately. For thermo-o%idative ageing, a linear progression will be satisfact
. For physical relaxation, a logarithmic progression would be more appropriate. The r¢
Prning minimum exposure times in Clause 8 shall be respected.

Procedure

ure the selectedproperties using unaged sets of test pieces conditioned as required by

the requiréd number of test pieces in each of the ovens maintained at the selected ten

Att

e
test

end;of each exposure time, condition the test pieces to be examined as required by
ethod standard and measure the selected properties.

ratory tests
ratures best

to establish
st exposure
hst 1 000 h.
hold value is
itures taken

an three test

ve different
the shape of

n rate to be
ory in many
pquirements

the relevant

peratures.

the relevant

Continue this procedure until the required number of sets of test pieces have been tested.
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11 Expression of results

11.1 Arrhenius procedure

(3)

The Arrhenius relation can be written in Formula (3):
nK(T)=B- 2
RT
where
K(T) igthe reaction rate (min-1);
B ifa constant;
E id the activation energy (J/mol);
R id the gas constant (8,314 J/mol K);
T ig the absolute temperature (K).
The stage the reaction has reached is given by the relation in Formula (4);
F (t)=K(T)xt
where
Fx(t) iga function describing the stage, x, the reaction-has reached;

t is
There will b

For each exjj
the reaction

Often, a con
value, deter

the reaction time (min).
e different reaction rates, K(T), corresponding to different temperatures, T.

osure temperature, plot the results for each property against time. For each plot, deter
rate.

venient measure of thereaction rate is the time for the property to reach the thre
mined by interpolatipn,as illustrated in Figure 1.

NOTE The ideal measure of the reaction rate would be the slope of the property-time plot, but this is 1
linear [i.e. Fy{(t) is rarely lin€ag]”’It might be possible to fit a convenient relationship to the data or to obt

convenient p

Plot the loga

temperature

An example

reactions art

ot by plotting.en‘a logarithmic scale.

rithm of'the reaction rate (e.g. time to threshold value) against the reciprocal of the abs
andconstruct a best-fit straight line through the points by established statistical met

(4)

mine

thold

arely
ain a

plute
hods.
brent

is glven in Flgure 2. If the data deviates from a straight lme this 1nd1cates that dlff

The life-time at a given temperature or service temperature (25 °C in Figure 2) is estimated by
extrapolation of the line to that temperature. The reaction rate at that temperature will give the time to

reach the th

reshold value.

The maximum temperature of use is estimated by extrapolation of the line to a specified reaction rate
or time to reach the threshold value. A time of 20 000 h is commonly used when establishing a general
maximum temperature of use.

The activat

ion energy is obtained by dividing the slope of the line by R, the gas constant.
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Figure 1 — Change in preperty against time
Y o
a
' 25°C 100°C 200°C
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3,40E-03  3,20E-03 3,00E-03 2,80E-03  2,60E-03 2,40E-03 2,20E-03 2,00E-03

Key
X %x 10* (T in kelvins)

Y logofreaction rate (time), t
a  life time at 25 °C

Figure 2 — Arrhenius plot (time against temperature)
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11.2 WLF procedure

The WLF equation that is generally used in Formula (5):

logay =

—a(T -Ty)

b+(T—T0)

where

ar

aand b

is a so-called shift factor (see below);

(5)

To

For each ex
log(time) x-4

Takingther
in turn hor
temperatur{
temperaturg
investigated
is moved (n}
the negativg
logarithmic

Plot the val
Figure 4 (s

are constantswhich denend onlvonthe material:
i J 7

is the reference temperature used to create the shift values.

posure temperature, plot the results for each property as a function of tinme; Typicd
xis is used.

pference temperature as fixed, slide the lines corresponding to each of the other tempera
zontally in the x-direction until the best possible overlap with the-line at the refer
b is obtained (see Figure 3). In this way, a “master curve” is constructed, at the refej
b, which simulates how the material would behave over a much wider time scale than c
by direct experimentation. The amount by which each ling-af a non-reference temper;
novement in the positive direction is movement towards“\longer times and moveme|

direction is movement towards shorter times) is thesshift factor, ar (or, if the x-axi
scale, the log of the shift factor). By definition, when‘F-= Ty, logar = 0, and there is no sl

ue of logar for each temperature against the<gorresponding temperature as show
etimes absolute temperature is used, although mathematically this is unnecessary

the temperi?lres are in fact temperature differences).

Use standar]
the constan

d curve-fitting techniques to determirethe best fit for the WLF equation to give valy
s a and b.

P

Iy, a

ures
ence
ence
hin be
iture
nt in
5 is a
hift.

'm in
since

es of

t f
Key
P value of property
t time
T temperature
Figure 3 — Construction of a “master curve”
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log a

Key
ar dhift factor

T temperature

To 1eference temperature

Figure 4 — Shift factors plotted against temperature

Alternatively, in the absence of curve=fitting software, the equation can be rewritten in the form of a
straight line and then the same linear regression method as for the Arrhenius procedure usqd to find the
coefflicients. The straight line is given in Formula (6):

U=-rv+t 6)
where
f=—! )
loga;

© ISO 2014 - All rights reserved 7
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V=
T-T,

(8)

Having found the coefficients r and ¢, the constants in the WLF equation can be found in Formulae (9)

and (10):

(9)

To obtain a
reference te
master curv

To obtain ay
rate or timg
general max

11.3 Limitlations

Although, i
extremely |
extrapolatid
temperaturg
both scissio
generally iy

It is recomn

Caution shot

test conditid

deterioration, such as light ageing and ozone attack, can be involved.

12 Test report

h estimate of the lifetime, use the WLF equation to determine the shift factor fron
mperature to the temperature of interest. Apply that shift factor to each of the points o
e to obtain the required property-time curve and read the time to reach’the threshold v

I estimate of the maximum temperature of use, extrapolate the line;to a specified rea
to reach the threshold value. A time of 20 000 h is commonly: used when establish|
imum temperature of use.

| principle, the extrapolation can be made over a.large temperature range and hen
pbng times, consideration will have to be given to-the increase in uncertainty inherg
n to long times and the possibility that the chemical reaction which takes place at
s is gradually replaced by a different reaction at lower temperatures, especially w
h and crosslinking reactions take place. Beeause of these considerations, extrapolation
nited to 30 °C to 40 °C beyond the last data point.

ended that an estimate of the uncertainty of the results is made.

ns in the laboratory mightalso differ from service conditions, under which other caug

(10)

h the
n the
alue.

ction
ing a

ce to
nt in
high
there
s are

h1d also be used when the results are analysed, because thermo-oxidative ageing is diffiision
controlled and thus different results can'be obtained when comparing thin and thick test pieces

The
es of

The test replort shallin¢lude the following information:
a) sample fdetails:
1) conmplete identification of the material tested,
2) the dimensions and method of preparation of the test pieces, with reference to the relevant
International Standard,
3) the property selected, with reference to the relevant International Standard,
4) the threshold value of the property selected,
5) the test piece conditioning temperature and time;
b) test method:
1) a full reference to the test method used, that is reference to this International Standard (i.e.
ISO 11346),
8 © IS0 2014 - All rights reserved
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