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METHODS OF TESTING
VULCANIZED RUBBER

Part A 19. Accelerated Ageing Tests*

FOREWORD

This British Standard has been published under the authority of the
Rubber Industry Standards Committee. In deciding to issue a revision
of the 1950 edition, it has also been considered desirable to publish
B.S. 903 in separate parts and the present part replaces Part 13 of 1950,
from which it differs mainly in the inclusion of a method using the cell
type oven and the deletion of the air pressure method.

The group of parts in which the prefix letter * A ”isused covers methods
of testing the physical properties of rubber. Further parts in this group
have been issued as follows:—

Part A 1. Determination of density and specific *vity.

Part A 2. Determination of rensile stress-strain.

Part A 3, Determination of tear strength.

Part A 10. Determination of flex cracking.

Part All. Determination of resistance to crack growth.

Pan A 16, Determination of swelling.

Part A 18. Determination ofequilibrium water vapour absorption.

SECTION 1 GENERAL EXPLANATION

Accelerated ageing tests are designed to ~timate the relative resistance
of rubber vulcanizates to deterioration whh the passage of time. For this
purpose the rubber is subjected to controlled deteriorating influences
for definite periods, after which appropriate properties are measured and
compared with the corresponding properties of the untreated rubber.

In the forms of ageing test here speciiied deterioration is accelerated
by raising the temperature and, in the oxygen-pressure test, by increasing
the oxygen concentration.

The degree of acceleration thus produced varies from one vulcanizate
to another and also from one property to another. Consequences of this
are:

a. Accelerated tests do not tnily reproduce the changes caused by
natural ageing,

substandalty those being considered by the technical committee
of the International Organization for Standardization (1SO) dealing with rubber.
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b. They do not always predict accurately the relative natural or
service life of different rubbers; thus, raising the temperature may
tend to equalize the apparent life of rubbers which deteriorate at
different rates under natural ageing conditions.

c. Different accelerated tests do not agree in assessing the rela-
tive life of different rubbers, and may even arrange them in different
orders of merit.

Deterioration caused by accelerated ageing should therefore be
measured by the changes in the property or properties which are of
practical importance, provided these can be measured accurately, since
no one property can be used as a general index of degree of deterioration.

Attention is drawn to the fact that these ageing tests should not be
used to simulate natural ageing which occurs in the presence of light or
of ozone when the rubbers are stretched.

In this standard three methods for evaluating accelerated ageing are
described:

Method A. Cell type oven method.
Method B. Oven method.
Method C. Oxygen pressure method.

In the case of the oven tests Method A is preferred.

Simultaneous ageing in one oven of different types of compound should
be avoided in Methods B and C in order that migration of sulphur,
antioxidants, peroxides or plasticizers may not occur, and therefore the
use of ceil type ovens is highly recommended. In order, however, to give
some guidance for cases where it is not practicable to provide equipment
for individual containers it is recommended that only the following
should be aged together:—

1. Polymers of the same general type.

2. Vulcanizates containing the same type of accelerator and approxi-

mately the same ratio of sulphur to accelerator.

3. Vulcanizates containing the same type of antioxidant.

4. Vulcanizates containing the same type and amount of plasticizer.

The number of test pieces used for each ageing period, and the method
of expressing the results obtained on them, are stated in the appropriate
standard method for the property under test.

METHOD A. CELL TYPE OVEN METHOD
SECTION 2 SUMMARY AND EXPLANATORY NOTE

This aeeinc test of rubber consists in subjecting test pieces to controlled
deterioration by air at an elevated temperature and at atmospheric
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pressure, after which the physical properties are measured and compared
with those of unaged test pieces. This method has the advantage that
individual compounds arc aged in separate cells which prevents contamina>
tion arising from migration of sulphur, antioxidants, peroxides, plasti*
cizers and other volatile products. The physical properties concerned in
the service application are used to measure the deterioration, but in the
absence of any statement of these it is recommended that tensile strength,
modulus, elongation at break and hardness should be measured as
specified in the appropriate parts of B.S. 903. In this -test the oxygen
concentration is low and if oxidation is rapid oxygen may not diffuse
into the rubber quickly enough to maintain uniform oxidation. The test
is therefore liable to give misleading results with poor-ageing rubberSf
unless the test pieces are very thin.

In the accelerated oven test 70°C is the highest temperature that can
be regarded as providing satisfactory uniform ageing. Accordingly, oven
tests at temperatures of above 70®C should not be used except as tests for
products that are subjected to such temperatures during use. These tests
are used with many synthetic rubbers and temperatures such as 100@C,
1 SO'C, 200®C and 250°C are commonly used.

SECTION 3 TEST PIECE

The ageing shall be carried out on the test pieces, prepared and con-
ditioned as required for the appropriate test method, and not on complete
articles or sample sheets, and their form shall be such that no mechanical,
chemical or heat treatment will be required after ageing. The test pieces
shall be measured before and marked after ageing. Only test pieces of
similar dimensions and having approximately the same exposed areas
shall be compared with each other. Care shall be taken to ensure that the
test pieces have a good, smooth finish and are free from blemishes and
other flaws. Care should be taken that the material used for identifying
test pieces is not applied in any critical area of the test piece (e.g. the test
length ofa dumb-bell or the place where a hardness test isto be made) and
is such as not to injure the rubber or become destroyed during ageing.

SECTION 4 APPARATUS

The apparatus shall consist of one or more cylindrical vertical cells
having a minimum height of 30 cm. The celJs shall be surrounded by a
thermostatically controlled good heat-transfer medium (aluminium block,
liquid bath, saturated vapour).

No copper or copper alloy shall be within the ageing chamber. Pro-
vision shall be made for suspending test pieces so that they are not whhin
1cm of each other or of tdw sides of (he oven. Ghss or aluminium sup-
ports are recommended for use with ring test pieces.



The design of the apparatus shaJ? be such that heated air may enter
the bottom of the cell and be exhausted at the top of it whhout being
recirculated. Air passing through ofie cell shall not enter any other cell.

Provision shall be made for a circulation of air through the cells
of not less than 3and not more than 10 changes in one hour. The incoming
air shall be heated by the same heat-transfer medium to the tem-
perature of the oven before entering the cell.

The temperature of the test cells shall be uniform in time and space
within the limits specified in Section 6.

Suitable means shall be provided for controlling and measuring the
temperature and air flow.

SECTION 5 PROCEDURE

5.1 Conditioning of samplesand test pieces. When the test isnot to be carried
out immediately following vulcanization, all samples and test pieces shall
be stored in the dark for a period not exceeding 14 days prior to comrMnce-
ment of the ageing test. The temperature of storage before subjection to
an accelerated ageing test shall not exceed 30°C. Prior to testing, the test
pieces shall be prepared and conditioned according to the details given
in the appropriate test method for the particular property being studied.
The unaged test pieces shall be tested within 24 hours of the start of the
ageing period. When the ageing period is complete the test pieces shall be
removed from the oven and stored for 16 to 96 hours in conditions which
are in accordance with the details given in the appropriate test method
for the particular property being studied.

5.2 Ageing procedure. The test pieces shall be placed in the cells which
have been preheated to the operating temperature. The test pieces shall
be stationary, free from strain, freely exposed to air on all sides, and not
exposed to light. The exposure shall be continuous for the specified time.
The volume of the test pieces shall not exceed 10 per cent of the volume
of the cell.

5.3 Duration of test. The period required to obtain any given degree of
deterioration of the test pieces will depend upon the type of rubber under
examitiation and the temperature of test.

For tests at 70°C and 100X it is recommended that the ageing |'«riod
should be 3, 7, 10 or some multiple of 7 days. As 7 days at 70“C is too
short a period to produce a marked deterioration in most rubbers of good
quality one of the longer periods is preferred. The agemg periods used
however shall be such that deterioration will not be so great as to prevent
the detemination of final physical properties.
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5.4 Number of test pieces and averaging of results. The number of test
pieces and the method of averaging the results shall be in accordance with
the requirements of the particular test method.

SECTION 6 TEMPERATURE OF TEST

The test picces shall be aged at one of the following temperatures
70x1-C,I00£!I7C,125i:I'Q 150+£2“C.175+£2C*200+£2"C,250+2“C.

The ageing test should be carried out at the lowest standard temperature
above the service temperature.

SECTION 7 CALCULATION OF RESULTS AND REPORT

Calculation of results and report. The properties of test pieces aged for
different periods shall be determined as the intervals terminate in the
progress of ageing.

The test results of both the unaged (O) and the aged {A) test pieces
shall be reported as well as the percentage deterioration as calculated
from the following formula:—

The ageing period or periods, the temperature of test, and the pro-
perties determined shall be stated.

METHOD B. OVEN METHOD
SECTION 8 SUMMARY AND EXPLANATORY NOTE

This ageing test of rubber consists in subjecting test pieces to controUed
deterioration by air at an elevated temperature and at atmospheric
pressure, after which the physical properties are measured and compared
with those of unaged test pieces. The physical properties concerned in
the service application are used to measure the deterioration, but in the
absence of any statement of these it is recommended that tensile strength,
modulus, elongation at break and hardness should be measured as
specified in the appropriate parts of B.S. 903. In this test the oxygen
concentration is low and if oxidation is rapid oxygen may not diffuse into
the rubber quickJy enough to maintain uniform oxidation. The test is

therefore liable to give misleading results with poor-ageing rubbere
unless the test pieces are very thin. ’



In the accelerated oven test TO'C is the highest temperature that
can be regarded as providing satisfactory uniform ageing. Accordingly
oven tests at temperatures above 70°C should not be used except as tests
for products that are subjected to such temperatures during use. lhese
tests are used with many synthetic rubbers and temperatures such as
100°C, 150°C, 200°C and 250“C are commonly used.

SECTION 9 TEST PIECE

The ageing shall be carried out on the test pieces, prepared and con-
ditioned as required for the appropriate test meAod, and not on complete
articles or sample sheets, and their form shall be such that no mechanical,
chemical or heat treatment is required after ageing. The test pieces shall
be measured before and marked after ageing. Only test pieces of similar
dimensions and having approximately the same exposed areas shall
be compared with each other. Care shall be taken to ensure that the
test pieces have a good, smooth finish and are free from blemishes and
other flaws. Care should be taken that the material used for identifying
test pieces is not applied in any critical area of the test piece (e.g. the test
length ofa dumb-bell or the place where a hardness test is to be made) and
is such as not to injure the rubber or become destroyed during ageing.

SECTION 10 APPARATUS

The air oven shall be of such a size that the total volume of the test
pieces does not exceed 10 per cent of the free air space of the oven.
Provision shall be made for suspending test pieces so that they are not
within 1cm of each other or of the sides of the oven. Glass or aluminium
supports are recommended for use with ring test pieces.

Provision shall be made for a slow circulation of air through the oven
of not less than three or more than ten, changes per hour. The incoming
air shall be heated to the temperature of the oven before coming in contact
with the test pieces. Suitable means shall be provided for controlling and
measuring the rate of air flow.

The temperature of the oven shall be thermostatically controlled so that
the test pieces are kept within the limits specified in Section 12. The walls
of the oven shall not be substantially different in temperature from the
test temperature. A thermometer shall be placed amongst the test pieces

to TecoTd the actwal ageing temperature.

SECTION 11 PROCEDURE

11.1 Conditioning ofsamples and test pieces. When the testisnot to be carried
out immediately following vulcanization, aU samples and test pieces shall
be stored in the dark tor a period not exceeding 14 days pn*

mencement of the ageing test. The temperature of storage before sub-
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jection to an accelerated ageing test shall not exceed SOC. Prior to
testing, the test pieces shall be prepared and conditioned according to the
details given in the appropriate test method for the particular property
being studied. The unaged test pieces shall be tested within 24 hours
of the start of the ageing period. When the ageing period is complete the
test pieces shall be removed from the oven and stored for 16 to 96 hours
in conditions which are in accordance with the details given in the appro*
priate test method for the particular property being studied.

11.2 Ageing procedure. The test pieces shall be placed in the oven after it
has been preheated to the operating temperature. The test pieces shall
be stationary, free from strain, freely exposed to air on all sides, and not
exposed to light. The exposure shall be continuous for the speciiied time.

11.3 Duration of test. The period required to obtain any given degree
of deterioration of the test pieces will depend upon the type of rubber
under examination and temperature of test.

For tests at 70°C and 100°C it is recommended that the ageing period
should be 3, 7, 10 or some multiple of 7 days. As 7 days is too short a
period to produce a marked deterioration in most rubbers of good quality,
one of the longer periods is preferred. The ageing periods used, however,
shall be such that deterioration will not be so great as to prevent determina-
tion of final physical properties.

11.4 Number of test pieces and averaging of results. The number of test
pieces and the method of averaging the results shall be in accordance
with the requirements of the particular test method.

SECTION 12 TEMPERATURE OF TEST

The tcst pieces shall be aged at one of the following temperatures:
100+£rC, 125+J“C \50+2°C, J75£2C°, 200+£2“C,250+2°C.

The ageing test should be carried out at the lowest standard temperature
above the service temperature.

SECTION 13 CALCULATION OF RESULTS AND REPORT

The properties of test pieces aged for different periods shall be deter-
mined as the intervals terminate in the progress of ageing.

The test results of both the unaged (O) and the aged (A) test pieces
shall be reported as well as the percentage deterioration as calculated
from the following formula:—

O0-A
X 100
(0]

The ageing period or periods, the temperature of test, and the proper-
ties determined shall be stated.



The reproducibility of test results after oven ageing will depend greatly
upon the type of rubber, and it is therefore difficult to give a value which
will be a reliable guide to the accuracy of ageing results. Experience shows,
however, that mean tensile strength results calcuJated as percentage
deterioration by the method given in Section 13, generally have standard
errors in the range 8-15 units. These errors represent the combined
variation due to mixing, vulcanization, ageing and testing.

METHOD C. OXYGEN PRESSURE METHOD

SECnON 15 SUMMARY AND EXPLANATORY NOTE

This ageing test of rubber consists in exposing test pieces to an elevated
temperature and elevated oxygen pressure, after which the physical
properties are determined and compared with those of unaged test pieces.
The physical properties concerned in the service application are used to
determine the degree of deterioration, but in the absence of any statement
of these it is recommended that tensile strength, modulus, elongation
at break and hardness should be measured as specified in the appro*
priate parts of B.S. 903.

In the oxygen pressure test the increased oxygen concentration pro-
motes rapid diffusion, and so helps to give uniform oxidation. On the
other hand, the artificial promotion of oxidation may over-emphasize
oxidative changes relative to those caused by *after-vulcanization ’ so
that the total effect may not resemble that of natural ageing.

SECTION 16 TEST PIECE

The ageing shall be carried out on the test pieces prepared and condi-
tioned as required for the appropriate test method, and not on complete
articles or sample sheets, and their form shall be such that no mechanical,
chemical or heat treatment will be required after ageing. The test pieces
shall be measured before and marked after ageing. Only test pieces of
similar dimensions and having approximately the same exposed areas
shall be compared with each other. Care shall be taken to ensure that the
test pieces have a good smooth finish and are free from blemishes and
other flaws. Care should be taken that the material used for identifying
test pieces is not applied in any critical area of the test piece (e.g. the test
length of a dumb-bell or the place where a hardness test is to be made) and
is such as not to injure the rubber or become destroyed during ageing.

SECTION 17 APPARATUS
The oxygen pressure chamber shall consist of a vessel of stainless
steel or other suitable material designed to retain an internal atmosphere
of oxygen under pressure, with provision for placing rubber test pieces
within it and subjecting them to a controlled uniform temperature.

1
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The size of the vessel is optional, but shall be such that the total
volume of the test pieces does not exceed 10 per cent of the internal
volume of the vessel.

No copper or copper alloy shall be within the ageing chamber. Pro-
vision shall be made for suspending test pieces so that they are not within
1 cm of each other or of the sides of the oven. Glass or aluminium sup-
ports are recommended for use with ring test pieces.

The heating medium surrounding the vessel shall be thermostatically
controlled so that the test pieces are kept at a temperature of 70 = VC.
A thermometer shall be immersed in the heating medium.

The pressure chamber shall be equipped with a reliable safety valve set
at 500 Ib/sq. in., and a pressure gauge shall be connected to the apparatus.
NOTE. Adequate safety provisions are important when heating oxidizabJe organic

materials in oxygen under pressure, since the rate of oxidation may become very
rapid in some cases, particularly if a large surface area is exposed.

SECTION 18 PROCEDURE

l«.I C<HiditioningofsaiHplesand test pieces. When the testisnotto becarried

immediately following vulcanization, all samples and test pieces shall
be stored in the dark for a period not exceeding 14 days prior to com-
mencement of the ageing test. The temperature of storage before subjec-
tion to an accelerated ageing test shall not exceed 30°C. Prior to testing,
the test pieces shall be prepared and conditioned according to the details
given in the appropriate test method for the particular property being
studied. The unaged test pieces shall be tested within 24 hours of t}*
start of the ageing period. When the ageing period is complete the test
pieces shall be removed from the vessel and stored for 16 to 96 hours in
conditions which are in accordance with the details given in the appro-
priate test method for the particular property being studied.

18.2 Ageing procedure. The test pieces shall be suspended in the pressure
chamber after it has been dried and heated to the operating temperature.
Before commencing the test the air shall be flushed out by filling the
vessel with oxygen to 300 10 Ib/sq. in. pressure and then relieving the
pressure. The test piec” in the vessel shall be stationary, free from strain,
and freely exposed to tlw oxygen on all sides.

Oxygen shall be introduced into the pressure chamber until a pressure
of 300 £ 15 Ib/sq, in. gauge (21 + 1 kgf/sq. cm gauge) is reached; the
exposure shall be continuous for the specified time, without pressure reducr
tion or opening of the chamber. When the ageing period is complete the

oxygen pressure shall be released gradually, this operation taking at least
five minutes.



18.3 Duratimi of test. The period required to obtain any given degree of
deterioration of the test piece will depend on the type of rabber under
examination; with a view to establishing uniformity of practice it is recom-
mended that the a”ing period should be 24 hours or a multiple thereof.

18.4 Number of test pieces and averaging of results. The number of test
pieces and the method of averaging the results shall be in accordance
with the requirements of the particular test method.

SECnON 19 TEMPERATURE AND PRESSURE OF TEST

The test pieces shall be at a temperature of 70 + TC, and in oxygen
at a pressure of 300 £ 10 Ib/sg. in. (21 £ 0-7 kg/sg. cm).

SECTION 20 CALCULATION OF RESULTS AND REPORT

The properties of test pieces aged for different periods shall be deter-
mined as the intervals terminate in the progress of ageing.

The test results of both the unaged (O) and the aged (A) test pieces
shall be reported as well as the percentage deterioration as calculated
from the following formula:

Ax10 O

The ageing period or periods and the properti® determined shall be
stated.

SECnON 21 REPRODUCIBILITY OF RESULTS

The reproducibility of test results after oxygen-pressure ageing will
depend greatly upon the type of rubber, and it is therefore difficult to
state a value which will be a reliable guide to the accuracy of ageing
results. Experience shows, however, that mean resuhs, calculated as
percentage deterioration by the method given in Section 20, generally

have standard errors in the following ranges;—

Tensile strei™h after ageing 5-10 umts
Elongation at break after ageing 2-5 units

TTiese errors represent the combined variation due to mixing, vulcaniza-
tion, ageing and testing.
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