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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, govern-
mental and non-governmental, in liaison with 1SO, also take part in the work.

Draft International Standards adopted by the technical committess are circulated to
the member bodies for approval before their acceptance as International Standards by
the I1SO Council. They are approved in accordance with ISO procedures requmng at
least 75 % approval by the member bodies voting.

International Standard ISO 4665-3 was prepared by Technical Committee ISO/TC 45,
Rubber and rubber products. i

Users should note that all International Standards undergo revision from time t6 time
and that any reference made herein to any other International Standard implies its
latest edition, unless otherwise stated.
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INTERNATIONAL STANDARD

1SO 4665-3 : 1987 (E)

Rubber, vulcanized — Resistance to weathering —

Part 3:

Methods of exposure to artificial light

0 Introduction

The effects of light on the colour and other properties of rub-
bers is of considerable technical and commercial importance.
Methods of exposing rubbers to natural light are dealt with in
part 2 of this International Standard.

Testing with laboratory light sources usually has one of the
following purposes:

a) to obtain results by accelerated testing under controlled
conditions to indicate behaviour which would be given by
prolonged exposure to natural daylight;

b) for control tests on a material of known light resistance
to establish that the level of quality of different batches does
not vary from a known acceptabie control.

NOTE — Guidance concerning the problems of correlation between
the effects of exposure to artificial light sources and those obtained
after exposure to natural light is given in annex A.

For some specific applications, it may be possible to use certain
fluorescent lamps as light sources. However, there is at present
insufficient information on the reliability and repeatability of the
results from such exposures to warrant inclusion of this type of
apparatus in this part of ISO 4665. Investigations into these
matters are being undertaken and it is hoped that, as a result,
fluorescent lamp light sources may be incorporated at a future
revision. Notes giving some existing information on fluorescent
lamps and their possible use are given in annex D which may
assist interested parties in making their own investigations into
the use of such devices.

1 Scope and field of application

This part of ISO 4665 specifies methods of exposing vulcanized
rubbers to an artificial light source in order to assess changes
produced by such exposure.

Of the different light sources available, the xenon arc is advan-
tageous in that it can, when correctly filtered and maintained,
yield a spectrum most closely approximating to that of daylight.
Hence, this part of ISO 4665 is confined to this light source.

This part of ISO 4665 also specifies means of determining radia-
tion dosage.

NOTES

1 For the method of determination of changes in properties after
exposure, see 1SO 4665-1.

2 Tests described in this part of ISO 4665 are usually carried out in
the absence of any stress applied to the test pieces. A stress or strain
may, however, be applied by agreement between the interested
parties, provided that its use is fully reported.

2 References

ISO 105, Textiles — Tests for colour fastness

— Section A02: Grey scale for assessing change in
colour;

— Section BO1: Colour fastness to light: Daylight.

ISO 1826, Rubber, vulcanized — Time-interval between
vulcanization and testing — Specification.

ISO 4661-1, Rubber, vulcanized — Preparation of samples and
test pieces — Part 1: Physical tests.

1SO 4665, Rubber, vulcanized — Resistance to weathering

— Part 1. Assessment of changes in properties after
exposure to natural weathering or artificial light.

—  Part 2: Methods of exposure to natural weathering.

3 Principle

Test pieces are exposed to the light source together with
means of assessing the light dosage. These means may com-
prise. one or more of the following:

a) physical standards which change in colour or other
well-defined properties upon exposure to light, the degree
of change indicating the light dosage;

b) instrumental means of measuring irradiance and/or in-
tegrating this to give the light dosage over a period of time.

For indication of behaviour that might be found under natural
daylight, changes in the test pieces are determined at each of a
number of light exposure stages, to give a sufficiently full pic-
ture of the performance throughout exposure. This method is
also used, with interpolation if necessary, to find the amount of
exposure needed to produce a specifiebcaange in the material.

cuments
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For control tests, a suitable exposure stage is selected in
advance from a knowledge of the expected light resistance of
the material and the change in the test piece is evaluated at this
stage only. Alternatively, the exposure stage may be deter-
mined at which a defined change in the properties of the
exposed test pieces occurs.

4 Apparatus
4.1 Laboratory light sources

4.1.1 General

To improve the correlation between results of exposures to
laboratory light sources and natural light, it is necessary that
the spectrum of the laboratory light source be as near as poss-
ible to that of the natural light, particularly in the ultra-violet
region, because some rubbers are very sensitive to the spectral
distribution of the radiation. However, the intensity of the
radiation will generally be higher than that of natural sunlight
because of the need to accelerate the degradation processes in
laboratory tests, even though correlation with the natural ex-
posure condition may be weakened (see annex A).

Recommendations for the integrated irradiance and spectral
distribution of simulated solar radiation for test purposes in the
laboratory are given in CIE Publication No. 20 (TC-22), 19727,
The recommendation for the integrated irradiance for testing
the deterioration resistance of materials and equipment ex-
posed to natural radiation is 1 000 + 100 W/m?2.

The spectral distributich described in CIE Publication No. 20
(TC-22), 1972, is reproduced in annex C.

NOTE — For various reasons it is not practicable to reproduce this
radiation level exactly in either spectral distribution or intensity with
presently available apparatus.

4.1.2 Xenon arc lamp

The xenon arc lamp emits radiation in a range which extends
from below 270 nm in the ultra-violet through the visible spec-
trum and into the infra-red. For exposure tests, light from the
lamp is filtered to reduce shorter wavelength emissions and
also to remove as much of the infra-red as possible, so that
radiation reaching test pieces exposed to it has a spectral
‘power distribution that closely matches sunlight. The facility
may also be available to reduce short wavelength energy
further so that an alternative spectrum, similar to that of solar
radiation as received behind window glass, may be obtained.
These two modes of operation are often available on the same
equipment, using different filter systems.

The irradiance at the test piece face in the wavelength range
300 to 890 nm shall normally be 1 000 + 200 W/m?2, If, excep-
tionally, other intensities are used, these shall be stated in the
test report. Irradiance below 300 nm shall not exceed 1 W/m?2,
The irradiance shall not vary by more than + 10 % over the
whole test piece area.

1) Published by the International Commission on lilumination, Bureau Central, 52, boulevard Malesherbes, F-75008 PARIS, F'B‘ﬁcuments
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The characteristics of xenon arcs and filters are subject to
changes in use due to ageing and these items shall be repiaced
at appropriate intervals. Further, they are subject to changes
due to the accumulation of dirt and they shall be cleaned at

appropriate intervals.

4.2 Test enclosure

WARNING — Care shall be taken to protect laboratory
staff from the effects of ozone.

The enclosure contains a cylindrical frame carrying test piece
holders, with provision for passing air over the test pieces for
control of temperature. Accumulation of any ozone generated
by the lamps shall be prevented either by venting the air to the
outside of:the building or by other appropriate means.

The lamp shall be so placed that the amount of radiation receiv-
ed by the test pieces does not vary by more than + 10 % over
the entire area in which the test pieces are exposed.

To reduce the effect of any eccentricity in the lamp, or when
more than one lamp is used in a single enclosure to increase the
amount of radiation, the radiation distribution shall be improv-
ed by rotating the frame carrying the test pieces around the
light source and, if necessary, by periodically changing the
position of each test piece vertically.

The test piece holders may rotate on their own axes as well as
rotating with the frame, thus exposing to the direct radiation of
the light source the side of the test piece holder that was
previously in the dark. This method helps to maintain a low
black panel temperature on the test piece. Alternatively, dark
cycles may be produced by cycling the source on and off. If
either of these cycles is used, it shall be fully reported.

4.3 Black panel thermometer, to indicate the test"

temperature, consisting of a blackened absorbing metal plate
that approximates ‘the absorption characteristics of a “‘black
body”. The plate shall be at least 1 mm thick and of a size to fit
the test piece holders. The temperature of the plate is indicated
by a suitable thermometer or thermocouple making good
thermal contact.

The black panel thermometer shall be mounted in a test piece
holder with the blackened metal side facing the lamp and
readings are taken after sufficient time for the temperature to
become steady.

The black panel temperature is controlled by adjustment of the
cooling air circulation.

NOTE — This control can conveniently be achieved by means of a ther-
mostat whose sensor..is placed in the test enclosure. When it is
necessary to minimize variation of temperature to within + 1 °C, care
must be taken to place the sensor in the best position so that it
responds to the temperature variation as fast as possible.
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4.4 Wet and dry bulb thermometers or other suitable
instruments, inserted into the test space and shielded from
the lamp radiation, for measuring the relative humidity of the air
passing over the test pieces, which may be controlled at an
agreed value, if required.

4.5 Spray, if required, for spraying the test pieces with
distilled or deionized water. The spray system shall be made
from inert materials which do not contaminate the water.

4.6 Test piece holders

Test piece holders may be in the form of an open frame, leaving
the back of the test piece exposed, or they may provide the test
piece with a solid backing. They shall be made from inert
materials, for example aluminium or stainless steel. Brass, steel
or copper shall not be used in the vicinity of the test pieces.

The backing used may affect the resuits and therefore shall be
fully reported.

4,7 Means of determining radiation dosage

One of the following is required, depending upon the method
selected.

4.7.1 Blue dyed wool standards No. 1 to No. 7, as
specified in 1SO 105, section B01 and the grey scale for
assessing change in colour as specified in ISO 105, section
A02 (see also annex E, clauses E.1 and E.2).

4.7.2  Other physical standards agreed. between the in-
terested parties.

4.7.3 Instrumental means of measuring light dosage,
comprising a photoreceptor system mounted beside the test
pieces and connected to an integrating device to indicate the
total energy received over a period.

The photoreceptor system shall be sensitive to radiation receiv-
ed over a solid angle similar to that over which radiation is
received by the test pieces. The spectral response of the
photoreceptor system shail correspond to the spectral regions
that produce changes in the test pieces.

The instrument shall be calibrated in suitable radiometric units,
such as joules per square metre for the specific light source.
The calibration shall not be affected by variations in light inten-
sity or temperature.

NOTES

1 Research is proceeding in certain countries on the spectral
response required to give the best estimate of light dosage in relation to
its effect on materials. It is known that for some materials the short-
wave end of the ultra-violet range is particularly important, but it is not
possible at present to recommend a particular spectral response.

2 Prolonged exposure of an instrumental measuring device to radia-
tion will probably affect its reliability, and therefore periodic checks
should be carried out.

3 For the physical standards of light dosage (blue wool} the spectral
response is determined by the choice of the particular dyestuffs used.

I1SO 4665-3 : 1987 (E)

4.8 Apparatus to assess changes in properties, as
specified in 1SO 4665-1 or in the relevant product or material
specification. '

5 Test pieces

5.1 General

As a far as possible, each test piece shall be cut from freshly
moulded sheet, or, if required, from a finished product in ac-
cordance with 1ISO 4661-1. It shall have an undamaged test sur-
face. Only test pieces of similar dimensions and having approxi-.
mately the same exposed area shall be compared.

5.2 Test pieces for determination of changes in
colour

Use rectangular strips the surface dimensions of which are at
least 15 mm and compatible with the particular apparatus used
for the exposure (see clause 4).

Two test pieces shall be used for a test of a single exposure
stage. In other cases, the total number of test pieces required
will ‘be determined by the number of exposure stages, but this
number shall be at least two. It may be necessary to increase
the number for products where the colour is not uniform or the
sensitivity to exposure is irregular. A further test piece shall be
stored in the dark at standard laboratory temperature and shall
constitute the reference standard for assessment of colour
change.

NOTE — It is known that some materials will change colour during
storage in the dark. In this case, the change in colour of the reference
test pieces shall be reported.

5.3 Test pieces for determination of changes in
other properties

The dimensions of the test piece shall normally be those
specified in the appropriate test method for the property or pro-
perties to be measured after exposure. For some tests, the ex-
posed test piece may also be in the form of a sheet or-other
shape from which test pieces can later be cut for specific tests.

The total number of test pieces required will be determined by
the number of exposure stages. Additional test pieces shall be
stored in the dark at standard laboratory temperature, and shall
constitute the unexposed controls for the determination of the
property after each exposure stage.

NOTES

1 The dimensions and number of test pieces will also depend on the
particular apparatus used for the exposure (see clause 4).

2 Test results obtained from test pieces prepared before exposure
may differ from those obtained from test pieces cut from exposed
sheet or products owing to the possible effect of the exposure on the
cut edges.

5.4 Storage and conditioning

For all test purposes, the minimum time between vulcanization

and testing shall be 16 h in accordange,with ISO_1826.
ocuments
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