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METHODS OF TEST FOR
VULCANIZED RUBBERS

PART 4 ACCELERATED AGEING
( Second Revision )
0. FOREWORD

@1 This Indian Standard ( Second Revision ) was adopte by the Bureau
. of Indian Standard on 7 August 1987, after the draft fin ‘ized by the

Rubber Products Sectional Committee had been approved b, the Petro-
leum, Coal and Related Products Division Council,

b
0.2 This standard was first published in 1965 and revised in 1978,

0.3 In this revision, duration and temperature of test clauscs have been
modificd to align it with latest International Standard on the subject.

0.4 Accelerated ageing tests or cxposure 1o heat tests arc designed (o
estimate the relative resistance of rubber vulcanizates to detcrioration
with the passage of time. For this purpose, rubber is subjected to
controlled dcteriorating influences for definite periods. after which
appropriate propertics are measured and compired with the corrcspond-
ing properties of the unaged rubber. The purposc of the test is to assess
the detcrioration of the rubber  cither during prolonged periods  at
normal or at high temperature in air. or during use at elevated tempera-
tures and at the clevated oxygen pressure.

0.5 The selection of time, temperature and atmosphere 1o which the test
picces are exposed shall depend on the purpose of the test and the type
of polymer. ' In the air oven tests, deterioration is accelerated by raising
temperature and in the OXygen pressure test, by increasing the oxygen
concentration and temperature. The degree of acceleration thus
produced varies from one vulcanizate to another and from one property
to another. Consequences of this arc as follows : y

8) Accelerated tests do not truly reproduce under ali circumstances
- the changes produced by natural ageing.

b) They sometimes fail to indicate accurately the relative natural or
service life of diﬁ'crentrubbers; thus tests at temperatures greatly
above ambient or scrvice temperatures may tend to cqualize the

3



apparent life of rubbers which deteriorate at different rates in
storage or service. Tests at one or more intermediate temperatures
are useful in assessing the reliability of accelerated ageing at high
temperature. \Y

c) Accelerated tests using different properties may. not agree ii

1 assessing the relative life of different rubbers and may ever
arrange them in different orders of merit. Therefore, deterioratior
should be measured by the changes in the property or properties
which arc of practical importance, provided they may be measurec
reasonably accurately. %

0.6 This standard is essentially based on ISO 188-1982 ‘“VACMizet
rubbers—Accelerated ageing or heat resistance tests*, issued by thi
International Organization for Standardization.

0.7.In reporting the result of a test or analysis made in accordance witl
this standard, if the final value, observed or calc”ated, is to be rounae<
off, it shall be done in accordance with IS : 2-1960"

1. SCOPE
1.1 This standard prescribes the methods of test for accelerated ageia
or heat resistance on vulcanized rubbers in air or oxygen. Two types ¢
test methods are given :

a) By heating in air, and

b) By heating in oxygen.

2. TERMINOLOGY

2.1 For the purpose of this standard,, the deanitions given in varioi
parts of IS : 7503t shall apply.

3. accelerated ageing by HEATING IN AIR

3.1 Principle cf the Method

3.1.1 Test pieces are subjected to controlled deterioration by
elevated temperature, and at atmospheric pressure, after which tJ
physical properties are measured and compared with those of unag(
test pieces. The physical properties concerned in the service applicati(
arc used to measure the deterioration, but in the absence of any stat
ment of these properties, tensile strength, stress at intermediate elofig
tion, breaking eionjgatioa and hardness should be measured..

*Rules for rounding off namerical yatue»<-xrvijr«
tClou&ry of tem s used in rubber industry.



?SdTwith poor ageing rubbers, unless the test pieces are very thin.

by a thermostatically controlled 8
block, liquid bath or t
shall be such that [

— dcsien of the apparatus

cell and be
Acirculated Air passing through one
ex?athst?fi at the A[~~ision shall be made for slow %ircula
celUhallnot enter other cells. more than ftcr
tion of air through the cells of not less specificc

changes per hour. The incoming temperature of th<
tem perature at the pomt ofentry mt # test'pieces are kept withii

vided for controUing and measuring the temperature.

N oo T i1-n o coOpper and/or copper alloys shall be used
construction of the oven.

Note 2— For temperatures of 125 C and awve.
teii.pe?Mure of the test cells shall be ma.nta.ned within = 2 C.

1 T> Nnrmnl Oven — The oven Shall be of such a size

in the material <

that the tot

trv /.S S
the actual test temperature.
note 1 - NoO copper and/or copper alloys shall be used in the mater,

construction of the oven.

NOTE 2 -For temperatures of 125-C )
tenipewure of the test cells shall be maintained wilhm + 2 C.



3.3 Test Picccs — Ageing tcsi shall be carried out oa blemish free, smopti
surfaco lest pieces prepared and conditioned, as required; for appropriate
lest and not on complete articles or sample sheets.-»Thc form of the
prepared test piece shall be such that no mechanical.*chcmical or heat
trcatmem is required after ageing. Only those test picccs. which have
similar dimensions and approximately the same exposed'area, shall'-bt
compared with cach other. Measurements of the test pieces shall'bc
noted before ageing and reference markings shall be placed on the test
pieces after completion of the ageing periods. Care shall be taken tc
ensure that the material used for identifying test pieces'ii» not applied
in any critical area of the test piece and is not buch us to injure .th<
rubber or become destroyed during heating.

3.4 Time Lapfc Rctwcen Vulcani/ation and Testing

3.4.1 For all the test purposes, the minimum time; lapse between
\ulcnni?.ation and testing shall be 16 hours.

3.4.2 For product tests, whenever possible, the timel.lapse betwcer
vulcanization and testing shall not exceed four months.- In all othei
eases, tests shall be made within two months of the date of receipt *ol

the product by the customer. - - >

3.4.3 Samples and test picccs shall be protected from light as comple;
tely as possible during the interval between vulcanization ,and. testing.;".

3.5 Duration of Test — The period required to obtain >any given degree
of deterioration of the test pieces depends on the type of poiymer
nature of plasticizer. nature of oxidants, - etc, used In'the vulcanizatc
under testing. With a view to establishing uniformity of practice* the
recommended ageing periods are 24, 72. 168 and 240 hours or multiple ol
168 hours. The test periods used shall be such that deterioration of the
test pieces may not be so great as to prevent determination of the final
values of physical properties.

3.6 Temperature of Test — The oven shall be mataintaincd at any of the
following temperatures as given in the material sDecillcation :

70 £ rc
85 £ rc-
100 u. PC.
125 i 2*C
150 + 2X
175 + 2»C
200 i- 2*C
250 3*c
275 = rc

3000 3X



The product specificaiion shall indicate (he temperature to be used.

A '1 Note — oven temperatures are increased, the exposure iime< niay nee

to be reUuccd. Further, it should be recognized that greater the disparii
2.-between iigeing and service conditions, the less reliable bccomcs the correlatio
V' between ageing and service life.

3.7 Procetlure

A X1A Using Cel/Oven — The test pieces shall be placed in the ccli
after the oven has been pre-heated to the operating temperature, usin
one compound only in each cell. The test pieces shall be stationary, fre
from strain, freeiy expossed to air on all sides and not exposed to llghi
When the heating period is complete, the test pieces shall be removci

om the cells and conditioned for not less than 16 hours nor more that

days in a strain-free condition and in accordance with the details of th
atmosphere given in the appropriate test 4iethod for the particula
property being studied. «

3.7~ Using Norma! Oxen — The test pieces shall be placed in th
oven after it has been pre~heated to the operating temperature. Th
test pieces shall be stationary, free from strain, freely exposed to air oi
all sides and not exposed to light. When the heating period is complete
the test pieces shall be removed from the oven and conditioned for nc
less than 16 hours nor more than 6 days in a straln*free condition and i
accordance with the details of the atmosphere given in the appropriat
test method for the particular property being studied.

Simultaneous heating of different types of compound in the sam
oven shall be avoided, in order that migration of sulphur, antioxidant:
peroxides or plasticizers does not occur, and therefore the use of indiv
dual cells is highly recommended. In order, however, to give some guic
ance for such cases, where it is not practicable to provide equipment fc
individual cells, it is recommended that only the following shall be heate
together:

a) polymers of the same general type;
b) vulcanizates containing the same type of accelerator and approx
mately the sameratio of sulphur to accelerator;
c) vulcanizates containing the same type of antioxidant;
, d) vulcanizates containing the same type and amount of plasticizer.
3.8 Expression of Results — The test results of both the unaged {B) an

the ag” (A) test pieces shall be reported as well as the coeflicient (
deterioration as calculated from the following formula :
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where
B =» the value of the property before ageing; and
A B the value of the property after ageing.

3.8.1 If considered desirable, the results may be reported as coefficient
of retention as g- x 100.

4. AGEING BY HEATING IN OXYGEN
4.1 Principle of the Method

4.1.1 Test pieces are exposed to an elevated temperature and an
elevated oxygen pressure, after which the physical properties are measur*
ed and compared with those of unaged test pieces. The physical proper-
ties concerned in the service application should be used to determine the
degree of deterioration, but in the absence of any statement of these
properties, tensile strength, stress at intermediate elongation, breaking
elongation and hardness should be measured. n " omm| .

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

4.2 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. The size of the vessel is optional but shall be such that total
volume of the test pieces does not exceed 10 percent of the free space of
the vessel. Copper or brass parts shall be neither within the ageing
chamber nor used in the construction of the tubing leading through the
oxygen reservoir to the ageing chamber. The heating medium which
surrounds the vessel thermostatically controlled and a thermometer shall
be immersed in the heating medium. The pressure chamber shall be
equipped with a reliable safety valve set at 3*5 MPa ( approx 3S kgf/cm> )
and a pressure gauge shall be connected to the apparatus.

Note — The heating medium is optional. W ater, air or other fluids known *0
be safe in the presence of oxygen may be used. Water has an advantage because
of its rapid heat transfer and non>combustible nature. If air is used, the heated
air shall be thoroughly circulated by means of mechanical agitation and baffles
shall be used as required to prevent local overheating and dead spots. Oilsor
other combustible fluids are extremely hazardous in the presence of oxygen and
should not be used as a heating medium for this test.

43 Test Pieces — Ageing test shall be carried out on blemish-free» smooth
surface test pieces prepared and conditioned as required for appropriate



est and not on compietc articles or sample sheets. The form of th(
jrepared test piece shall be such that no mechanical, chemical or hea
reatment is required after ageing. Only those test pieces, which hav(
itmilar dimensions and approximately the same exposed area, shall b(
:ompared with each other. Measurements of the test pieces shall k<
loted before ageing and reference markings shall be placed on the tcs
>jcces after coniplelion of the ageing periods. Care shall be taken tc
nsurc that that ihe material used for identifying test pieces is no
pphed in any critical area of the test piece and is not such as ic
njurc the rubber or become destroyed during heating.

A Time Lapse Bctneen Vulcanization and Testing

test purposes, the minimum time lapse between vulcani*
ation and testing shall be 16 hours.

4.4.2 For product tests, whenever possible, the time lapse between
ulcanization and testing shall not exceed/our months. In all other cases

jsts sha | be made within two months of the date of receipt of the
roduct by the customer.

4.4) Samples and test pieces shall be protected from light as comDle-
:ly as possible during the interval between vulcanization and testing.

5 Duration of T«t — The period required to obtain any given deercc
f deterioration of the test pieces depends on the type of rubber under

xamination. With a view to establishing uniformity of practice. aceinK
eriod of 24 hours or some multiples thereofis recommended.

6 Temperature and Pressure of Test- Subject the test pieces to a
[°!"rkgf7cra2) » pressure of 21 +01 MPa (approx

7 Procedure

suspended vertically in the pressure

A been heated to the operating temperature. Before
>mmencing the test, air shall be flushed out of the vessel by releasing

e oxygen pressure and refilling. The test piece shall be stationary, free

N exposed to the oxygen on all sides. Oxygen shall be

issea into the pressure chambcr to give a pressure of 21 + 0-1 MPa

Pe 70*C; the exposure shall be continuous for the
«cined time, without pressure reduction or opening of the chamber.

period is complete, the pressure in the pressure
chamber shall be reheved slowly and uniformly* requiring at least 5
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minutes. The test picces shall be removed from the chamber and condi
tioned for not less than 16 hours nor more than 6 days in a strain-fres
condition and in accordance with the details of the atmosphere given i
appropriate test method for the particular property being studied.

4.7.3 Simuitanecous ageing of different types of campound in the sam
oven shall be avoided, in order that- migration of sulphur, antioxidants
peroxides or plasticizers does not occur, therefore the use of indivi
dual pressure chambers is highly recommended. In order, however, t
give some guidance for such cases where it is not practicable to provid
equipment for individual pressure chambers, it is recommended that oal:
the following shall be-aged together :

a) Polymers of the same general type,

b) Vulcanizates containing the same type of accelerator and approxi-,
mately the same ratio of sulphur to accelerator, T

¢) Vulcanizates containing the same type of antioxidant, and
d) Vulcanizates containing the same type and amount of plasticizer.

Note — Adequate safety precautions are important when heating oxidizable
organic materials in oxygen under pressure, since the rate of oxidation may, in
some case, become very rapid, particularly if a large surface area of material is
exposed. Ageing of cellular vulcanizates is not r&commended as there is danger
of explosion, if not properly carried out,. .

4.8 Expression of Results — The test results of both the upaged ( B) and
the aged ( 4 ) test pieces shall be reported as well as the coefficient of -
deterioration calculated from the following formuls : '

B— 4
B

x 100

where
B = the value of the property before ageing, and
A = the value of the property after ageing. .
4.8.1 If considered desirable, the results may be reported as coefficient

of retention as g— x 100.

S. TEST REPORT

5.1 The test report should include the following particulars

a) Whether an air oven method (cell oven or normal oven) or the
oxygen pressure method was used; . _ -

10
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y) The duration and tcmperaiurc of ageing;

5) The properties determined, with their individual values before and
. after ageing and, if appropriate, the coefficient of deterioration;

j) Any test conditions and operations not provided for in this
7. standard or which are optional as well as any incidents which may
* have affected the results;

t) If agreed to between the parties, coefficient of retention shall also
“be reported; and ,

f) Reference to this Indian Standard.

1



