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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
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Alist of all parts in the ISO 4892 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Plastics are often used outdoors or in indoor locations where they are exposed to solar radiation or to
window-glass-filtered solar radiation for long periods. It is therefore very important to determine the
effects of solar radiation, heat, moisture and other climatic stresses on the colour and other properties of
plastics. Outdoor exposures to solar radiation and to solar radiation filtered by window glass are described
in ISO 877 (all parts)lll. However, it is often necessary to rapidly determine the effects of radiation, heat and
moisture on the physical, chemical and optical properties of plastics with artificial accelerated weathering
or artificial accelerated irradiation exposures that use specific laboratory light sources. Exposures in these
laboratory devices are conducted under more controlled conditions than found in natural environments and
are intended to accelerate eventual polymer degradation and product failures.

Relating 1
obtained i
laboratory
actual-use
exposures

The relatiy
of the exp
factors. T}
exposures|
outdoor lg
determini
use condit

esults from accelerated weathering or artificial accelerated irradiation exposures
h actual-use conditions is difficult because of variability in both types of exposure ar
tests never reproduce exactly all the exposure stresses experienced by plastics e
conditions. No single laboratory exposure test can be specified as a total simulation of

psure because of differences in UV radiation, time of wetness, temperature, pollutants
erefore, even if results from specific accelerated weathering or artificial accelerated §
are found to be useful for comparing the relative durability ofinaterials exposed in a
cation or in particular actual-use conditions, it cannot be @ssumed that they will be
hg the relative durability of materials exposed in a differentoutdoor location or in differ
jons.

to those
d because
xposed in
actual-use

re durability of materials in actual-use exposures can be very different\depending on the location

and other
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astics — Standard atmospheres for conditioning and testing
Plastics — Preparation of test specimens by machining

Plastics — Determination of changes in colour and variations in properties after exposu
nr radiation, natural weathering ‘or laboratory radiation sources

, Plastics — Methods of @xposure to laboratory light sources — Part 2: Xenon-arc lamps
, Plastics — Methods.ef exposure to laboratory light sources — Part 3: Fluorescent UV lan
L, Plastics — Methods of exposure to laboratory light sources — Part 4: Open-flame carbon

Plastics — Instrumental determination of radiant exposure in weathering tests — Gener(
est method

B, Stahdard terminology relating to natural and artificial weathering tests of nonmetallic
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ocument.

onstitutes
eferences,

re to glass-
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ASTM G113 and the following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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3.1

control material

<weathering testing> material which is of similar composition and construction to the test material and
which is exposed at the same time for comparison with the test material

Note 1 to entry: An example of the use of a control material would be when a formulation different from one currently
being used is being evaluated. In that case, the control material would be the plastic made with the original formulation.

Note 2 to entry: A control material is sometimes referred to as control.

3.2
file specimen

portion of the material to be tested which is stored under conditions likely to cause minimal material
degradatigm

Note 1 to e:[try: These are typically dark, dry and temperate conditions.

Note 2 to entry: The file specimen is used for comparison between the exposed and unexposed states.

3.3
artificial accelerated weathering
exposure pf a material in a laboratory device intended to simulate outdoor_ageing faster by|radiation,
temperature, and moisture, typically including liquid water

Note 1 to enptry: These exposures are typically using a laboratory light source/intended to simulate outdoor conditions
in an atterppt to produce more rapidly the same changes that occur_when the material is used in pn outdoor
environment.

Note 2 to entry: The conditions can be cyclic and intensified comparéd-with those encountered in outdoor exposure.

Note 3 to emtry: The device can include means for control and/6rmonitoring of the light source and other weathering
parametery. It may also include exposure to special conditions$;such as acid spray to simulate the effect of ajr pollution.

3.4
artificial (rccelerated irradiation
exposure ¢f a material to a light source in a laboratory device intended to simulate ageing faster by radiation,
temperature, and moisture, typically only in;the form of relative humidity, but without liquid watgr

Note 1 to gntry: These exposures are typically using a laboratory light source intended to simulate window-glass-
filtered solpr radiation or radiation frém interior lighting sources in an attempt to produce more rapidly the same
changes that occur when the material is used in an indoor environment.

Note 2 to entry: These exposur€s-are commonly referred to as fading or lightfastness tests.

3.5
weathering referencédnaterial
material of known petformance when exposed to solar radiation, heat and moisture

Note 1 to entry; Weathering reference materials are used for weathering and irradiation testing.

3.6
reference specimen
portion of the weathering reference material that is to be exposed

3.7

black-panel thermometer

BPT

flat, black coated metal plate which is exposed to radiation, with a temperature sensor attached to the front
centre of the exposed surface

Note 1 to entry: The intention is to mimic the thermal conditions of a coated black metal panel. The measured
temperature depends on heat fluxes by short and long wavelength radiation and convection on the front side and the
rear side of the panel.

© IS0 2024 - All rights reserved
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Note 2 to entry: The BPT provides a measure for the reference surface temperature of irradiated surfaces. The BPT
will typically show lower temperatures than the black-standard thermometer under the same conditions.

Note 3 to entry: Black-panel thermometers are sometimes referred to as uninsulated black-panel thermometers.

3.8

black-standard thermometer

BST

flat, black coated metal plate which is exposed to radiation, with a thermal insulation on the backside and
the temperature sensor is attached to the rear centre of the exposed plate and between metal plate and

insulation

Note 1 to entry: The intention is to mimic the thermal conditions of a common black polymer specimen. The measured

temperatulc dcpcuda orhreatfhrxes 1u_y short—amd 1U115 vvavclcusth radiatiomrand—convectiomromthefrontside of the
panel only.

Note 2 to e:[try: The BST will show one of the highest temperatures in the specimen plane.

Note 3 to entry: Black-standard thermometers are sometimes referred to as insulated black-panel thermometers.

39

white-panel thermometer

WPT

flat, white|coated metal plate which is exposed to radiation, with a temperature sensor attached tp the front
centre of the exposed surface

Note 1 to ¢ntry: The intention is to mimic the thermal conditions of‘a’ coated white metal panel. Th¢ measured
temperatuile depends on heat fluxes by short and long wavelength radiation and convection on the front gide and the
rear side of{the panel.

Note 2 to elltry: The WPT provides a measure for the reference‘surface temperature of irradiated surfaces. The WPT
will typically show lower temperatures than the white-standard thermometer.

3.10

white-stapdard thermometer

WST

flat, white|coated metal plate which is exposed to radiation, with a thermal insulation on the bagkside and
the tempefature sensor is attached to, the rear centre of the exposed plate and between metal plate and
insulation

Note 1 to enptry: The intention is to mimic the thermal conditions of a common white polymer specimen. Thg measured
temperatuile depends on heat fluxes by short and long wave radiation and convection on the frontside ¢f the panel
only.

4 Pringiple

4.1 Genleral

Specimend ofthe samples to be tested are exposed to laboratorylight sources under controlled environmental

conditions. The methods described include the requirements which shall be met for the measurement of the
irradiance and radiant exposure in the plane of the specimen, the temperature of specified white and black
surface thermometers, the chamber air temperature and the relative humidity.

NOTE

radiation, infrared radiation or any combination of these types of radiation.

4.2 Significance

In this document, the term “light source” refers to radiation sources that emit UV radiation, visible

4.2.1 When conducting exposures in devices that use laboratory light sources, it is important to consider
how well the accelerated-test conditions simulate the actual-use environment for the plastic being tested. In
addition, it is essential to consider the effects of variability in both the accelerated test and actual exposures

© IS0 2024 - All rights reserved
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when setting up exposure experiments and when interpreting the results from artificial accelerated
weathering or artificial accelerated irradiation exposures.

4.2.2 No laboratory exposure test can be specified as a total simulation of actual-use conditions. Results
obtained from artificial accelerated weathering or artificial accelerated irradiation exposures can be
considered as representative of actual-use exposures only when the degree of rank correlation has been
established for the specific materials being tested and when the type and mechanism of degradation are the
same. The relative durability of materials in actual-use conditions can be different depending on location
because of differences in UV radiation, time of wetness, relative humidity, temperature, pollutants and other
factors. Therefore, even if results from a specific exposure test conducted in accordance with any of the
parts of ISO 4892 are found to be useful for comparing the relative durability of materials exposed in a
particular environment, it cannot be assumed that they will be useful for determining the relative durability

of the samf materials in a different environment.

4.2.3 Af{
accelerate

pecific exposure duration or radiant exposure in an artificial accelerated weathering a
1l irradiation exposure cannot generally be correlated to a defined duratien undg

r artificial
r end use

conditiong. It is therefore incorrect to assign a general acceleration factor valid for;all materials. Such an

acceleratign factor cannot be general for the following reasons.

a) Acceldration factors are material-dependent and can be significantly different for each materfial and for
differ¢nt formulations of the same material.

b) Varialjility in the rate of degradation in both actual-use and artificial accelerated weathering qr artificial
accelefated irradiation exposures can have a significant effect ofi the calculated acceleration factor.

c) Acceldration factors calculated based on the ratio of irradiance between a laboratory light Jource and
solar radiation (even when identical passbands are used) do not take into consideration the¢ effects of
tempgrature, moisture and differences in relative spectral irradiance between the laboratory light
sourc¢ and solar radiation.

NOTE Acceleration factors determined for a specific ‘formulation of a material are valid, but only|if they are

based on djta from a sufficient number of separate exterior or indoor environmental tests and artificial pccelerated

weathering or artificial accelerated irradiation exposures. Results used to relate times to failure or to|a specified
property cijange in each exposure can be analyseduising statistical methods. An example of a statistical anplysis using

multiple laloratory and actual exposures to cdlculate an acceleration factor is described in Reference [2].

4.2.4 Tt:l;ere are a number of factors\that can decrease the degree of correlation between accelerated tests

using labdratory light sources and gxterior exposures (more specific information on how each [factor can

alter the stability ranking of materials is given in Annex B):

a) differgnces in the relative spectral irradiance of the laboratory light source and solar radiatidn;
NOTE ISO/TR_18486[3] provides information to compare a laboratory light source to a refefence solar
spectrpim.

b) irradifince levels higher than those experienced in actual-use conditions;

c¢) exposprelcycles that use continuous exposure to radiation from a laboratory light source wlithout any
dark periods;

d) specimen temperatures higher than those in actual conditions;

e) exposure conditions that produce unrealistic temperature differences between light- and dark-coloured
specimens;

f) exposure conditions that produce very frequent cycling between high and low specimen temperatures,
or that produce unrealistic thermal shock;

g) unrealistic levels of moisture in the accelerated test compared with actual-use conditions;

h) absence of biological agents, pollutants or acidic precipitation or condensation.

© IS0 2024 - All rights reserved
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4.3 Use of accelerated tests with laboratory light sources

4.3.1 Results from artificial accelerated weathering or artificial accelerated irradiation
conducted in accordance with any of the parts of ISO 4892 are best used to compare the relative pe
of materials. Comparisons between materials are best made when the materials are tested at the

exposures
rformance
same time

under the same conditions in the same exposure device. Results can be expressed by comparing the exposure
time or radiant exposure necessary to reduce the level of a characteristic property to some specified level. A

common application of this is a test conducted to establish that the level of quality of different ba
not vary from that of a control of known performance.

tches does

4.3.1.1 Itis strongly recommended that at least one control be exposed with each test for the purpose of

h rforman f th rial hat of th ntrol. Th ntrol material sh
similar composition and construction and be chosen so that its failure modes are the same as
material being tested. It is preferable to use two controls, one with relatively good durability an
relatively poor durability.

4.3.1.2 {ufficient replicates of each control and each test material being evaluated_aré necessa
to allow sffatistical evaluation of the results. Unless otherwise specified, use a minimum of three|
for all testjand control materials. When material properties are measured using destructive tests,
set of spedimens is needed for each exposure period.

4.3.2 In[some specification tests, test materials are exposed at the Same time as a weathering
material (g.g. blue wool test fabric). The property or properties ofthe test material are measul
defined prjoperty of the weathering reference material reaches aspecified level. If the weathering
material dfffers in composition from the test material, it can bednsensitive to exposure stresses th
failure in fhe test material or it can be very sensitive to an exposure stress that has very little ef
test materjial. If that is the case, the variability in results for the weathering reference material m
different ffom that for the test material. Different sensitivities of the weathering reference mater
test materjal can produce misleading results when thedveathering reference material is used as 3
to determine the length of the exposure period.

NOTE eathering reference materials can also-be used to monitor the consistency of the operating
in an expodure test. Information about the selection and characterization of weathering reference materi
this purpoge can be found in Reference [4]. Reference [5] describes a procedure which uses the change in t
index of a specific polyethylene weatheringreference material to monitor conditions in both natural wea
artificial adcelerated weathering exposares.

4.3.3 In|some specification-tests, properties of test specimens are evaluated after a specifid
time or ragliant exposure using’a test cycle with a prescribed set of conditions. Results from any 4
exposure fest conducteddn accordance with any of the parts of ISO 4892 should not be used to ma
fail” decision for materials; based on the level of a specific property after a specific exposure time

ould be of
that of the
l one with

'y in order
replicates
a separate

reference
red after a
reference
At produce
fect on the
ay be very
ial and the
control or

conditions
hls used for
he carbonyl
thering and

exposure
ccelerated
ke a “pass/
or radiant

exposure, lunless the\combined reproducibility of the effects of a particular exposure cycle andl property

measurement method has been established.
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5 Requirements for laboratory exposure devices

5.1 Irradiance

5.1.1 Laboratory light sources are used to provide irradiance for the test specimens. In ISO 4892-2, xenon-
arc lamps are used to provide the irradiance for the specimens, in ISO 4892-3 fluorescent UV lamps and in
[SO 4892-4 open-flame sunshine carbon-arc lamps.

If necessary, optical filters are used to adjust the spectral irradiance or irradiance bandpass provided by an
artificial light source to a desired spectral irradiance such as CIE 241, CIE-H1 (see Annex C) especially for

wavelengths below the targeted UV-cut-on.

NOTE

the relativd spectral irradiance produced by the device is expected to be a very close match to that of's0l4

especially i
benchmark
exposure t
relative spe

5.1.2 The exposure device shall provide for placement of specimens and any désignated sensing

positions {

5.1.3 Ex
specimen
of exposuf

NOTE
such as dep
affected by
by the man

5.1.4 Ift
and 90 %
in radiant
parties.

NOTE
that can be

5.1.5 If
maximum
ensure un

NOTE 1
practice to

{he spectral irradiance produced in an artificial accelerated weathering device is very import

the short-wavelength UV region [see NOTE in 4.2.4. a)]. Annex C provides information.abou
solar spectra that can be used for comparing the spectral irradiance produced in theartificial

that for solar radiation. Subsequent parts of the ISO 4892 series contain specificarequirem
ctral irradiance produced in the devices described in those parts.

hat allow uniform irradiance from the light source.

posure devices shall be designed such that the irradiance‘dt any location in the are
bxposures is at least 70 % of the maximum irradiance meastured in this area. The man
e devices shall follow the procedures for measuring irradiance uniformity given in Anr

[he irradiance uniformity in exposure devices depends on apparatus design and several ot
osits that can develop on the optical system and chafber walls. In addition, irradiance unifor
the type of specimen and the number of specimensbeing exposed. The irradiance uniformity as
ifacturer is valid for new equipment and well-défined measuring conditions.

he minimum irradiance at any position-in the area used for specimen exposure is bety
pf the maximum irradiance, specimens shall be periodically repositioned to reduce the
exposure. The repositioning procedure and schedule shall be agreed upon by all

Reference [6] describes seveéral possible procedures, including random positioning of replicate
used to reduce the variability in exposure stresses experienced by specimens during exposure

the irradiance at.any position in the area used for specimen exposure is at least 9
irradiance, it {5 110t necessary to use periodic repositioning of the specimens during e
form radiantexposure.

Dependingvon the specific sensitivity of the material, periodic repositioning of the specim
minjniize variability in stresses experienced during the exposure.

hnt. Ideally,
r radiation,
[ important
Accelerated
ents for the

devicesin

h used for

ufacturers

ex A.
her factors,

mity can be
puaranteed

wveen 70 %
variability
interested

specimens,

% of the
kposure to

ens is good

NOTE 2

conditions within the exposure area.

Random placement of replicate specimens is also good practice to reduce the effect of any variap

ility in the

5.1.6 Follow the device manufacturer’s instructions for lamp and filter replacement and for pre-ageing of
lamps and/or filters.

5.1.7 A radiometer integrated in the laboratory exposure device that conforms with the requirements
outlined in ISO 9370 may be used to measure the irradiance, E, or spectral irradiance, E;, and the radiant
exposure, H, or spectral radiant exposure, H,, in the plane of the specimen surface.

NOTE

"frequent” basis.

© IS0 2024 - All rights reserved
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If used, this radiometer shall be formally calibrated according to ISO 9370 and adjusted at least annually,
either by an accredited laboratory, or manufacturer. Alternatively, a calibrated reference radiometer can be
used to periodically verify whether the radiometer integrated in the laboratory exposure device’s status is
still acceptable.

5.1.7.1 If used, the radiometer integrated in the laboratory exposure device shall be mounted so that it
receives the same radiation as the specimen surface. If it is not positioned in the specimen plane, it shall have
a sufficiently wide field of view and be calibrated for irradiance at the specimen distance. The radiometer
integrated in the laboratory exposure device shall be calibrated using a light source or a light source/optical
filter combination of the same type that will be used for testing or an appropriate spectral mismatch factor
has been taken into account. The calibration shall be checked in accordance with the radiation measuring
instrument manufacturer’s instructions.

A calibrat
regularly.
manufactu
informatid
intervals s

This calibi
are recom

NOTE 1
method car

NOTE 2
5.1.72 |
shall be re

300 nmto
(e.g. 340 n

5.2 Ten|

on of the laboratory exposure device’s irradiance control system, if used, shall-be
The recommended recalibration procedure and intervals can be provided byl the
rer. ISO 100127l provides information for setting the calibration interval. Whén n
nis available, it is recommended to perform a calibration once a year. In anycase, the re
hall be justified and documented.

ation shall be traceable to a recognized radiometric standards body~More frequent c
mended.

Reference [8] provides specific guidance on the calibration of radipmeéters using spectroradion
be used to calibrate the instrument radiometer(s).

Refer to ISO 9370 for definitions of field and reference radiométers.

Vhen measured, the irradiance in the wavelengtlyrange agreed upon by all interest]
ported. Some types of device provide for measuring irradiance in a specific wavelength
400 nm or 300 nm to 800 nm) or in a narrow:passband that is centred around a single y
n or 420 nm).

Iperature

521 T

surface temperature of irradiated polymers depends primarily on the heat fluxes by

and emittgd radiation, by convection and by thermal conduction within the specimen. Since it is ng
to monitor the surface temperature.of individual test specimens, a specified black surface thern
used to m¢asure and control the.thermal conditions at this specific reference surface in the speci

conducted
Pquipment
ne of this
ralibration

hlibrations

heters. This

ed parties
range (e.g.
yavelength

r absorbed
t practical
hometer is
men plane.

The condifions within the weathering device, including the air flow, depend on the choice of this surface
thermomejter. The black surface temperature sensor shall be mounted within the specimen exppsure area
so that it i§ in the same plan€ and orientation and receives the same radiation as a flat test specimen surface.
For three-dimensional\specimens, the black surface thermometer shall be in a plane and orienfation that
best represents the-majority of the specimen surface of interest or at the plane of the primary|surface of
interest. Tlhe blagkssurface thermometer is intended to approximate the highest temperature experienced
by test spdcimensin the specimen plane.

5.2.2 Two types of black surface temperature sensors may be used: black-standard thermometer (BST)
and black-panel thermometer (BPT).

5.2.2.1 Black-standard thermometers, consisting of a plane (flat) stainless-steel plate with a thickness of
0,5 mm to 1,2 mm. A typical length and width is about 70 mm by 40 mm. The irradiated surface of this plate
shall be coated with a black layer which has good resistance to ageing. The coated black plate shall reflect
no more than 10 % of all incident flux up to 2 500 nm. A thermally sensitive element such as a platinum
resistance sensor shall be attached to the centre of the plate, in good thermal contact with the plate, on the
side opposite the light source. This side of the metal plate shall be attached to a 5 mm thick base plate made
of unfilled poly(vinylidene fluoride) (PVDF). A small space sufficient to hold the platinum resistance sensor
shall be machined in the PVDF base plate. The distance between the sensor and this recess in the PVDF plate
shall be about 1 mm. The length and width of the PVDF plate shall be sufficient so that no metal-to-metal
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thermal contact exists between the black-coated metal plate and the mounting holder into which it is fitted.
The metal mounts of the holder of the insulated black plate shall be at least 4 mm from the edges of the metal
plate.

NOTE1 Black-standard thermometers are sometimes referred to as insulated black-panel thermometers. Insulated
black-panel thermometers with temperature sensitive element attached on the irradiated side of the panel do not fall
under the definition of black standard thermometers.

NOTE 2 The black standard thermometer represents the thermal behaviour of a sample with low thermal
conductivity such as a dark, opaque polymer.

5.2.2.2 Black-panel thermometers, consisting of a plane (flat) metal plate that is resistant to corrosion.
Typical dimensions are about 150 mm long, 70 mm wide and 1 mm thick. The surface of this plate that faces

the light s
plate shall
be firmly
coated ste
side of the

NOTE 1

NOTE 2
such as a d4

NOTE 3
temperatur

purce shall be coated with a black layer which has good resistance to ageing. The 9|
reflect no more than 10 % of all incident flux up to 2 500 nm. A thermally sensitive lele
httached to the centre of the exposed surface. This thermally sensitive element can |
m-type bimetallic dial sensor, a resistance-based sensor, a thermistor or a thermocouplg
metal plate shall be open to the chamber or ambient atmosphere.

['he black panel thermometer represents the thermal behaviour of a sampt®with high thermal c
rk coating on a metal substrate.

As convection cooling acts from both sides, installation geometry influences the stabili
e reading of black panel thermometers.

NOTE 4
significant

5.2.2.3
permitted
the specif
performe
state shal
state. In ¢
Sensors ac|

5.2.2.4
designs d
exact cons

NOTE 1
produced

Because a black panel thermometer is highly thermally conductive, temperature readings can
by conditions on its rear side, e.g. if the rear side is metallic or black coated.

=

lack-surface thermometers which differ inttonstruction from that specified in
as long as the temperature indicated by the alternative construction is within #1,0 °
ed construction at all steady-state temperature and irradiance settings in the test g
. In addition, the time needed for ang@lternative black-surface thermometer to reach t
be +10 % of the time needed for-the specified black-standard thermometer to reach t
se of Xenon- and carbon-arc lamps it is recommended to use black-panel and blac}
ording to the definitions givenin 3.7 and 3.8, respectively.

nless otherwise specified, temperatures shall be measured using either of the the
scribed above. If othler)means are used to measure the temperature of black or white
ruction of the blackor white panel shall be included in the test report.

he temperature/ndicated by the black-panel or black-standard thermometer depends on thq
the laboratory light source/filter combination and the temperature and speed of the air mo

Black-panel thermometers are sometimes referred to as uninsulated black-panel thermometers.

ated black
ment shall
be a black-
. The back

nductivity,

ty and the

be affected

.2.2.1 are
[ of that of
ycle being
he steady-
he steady-
k-standard

rmometer
banels, the

irradiance
ving on the

frontside apd the bacKside of the sensor. Black-panel temperatures generally correspond to those for dark coatings

on metal ppnels without thermal insulation on the rear side. Black-standard thermometer temperature
correspond tothagse for the exposed surface of dark samples with poor thermal conductivity. At conditi
typical exppsuges, the temperature indicated by a black-standard thermometer will be 3 °C to 12 °C highg

s generally
bns used in
br than that

indicated b_y d ‘Ulal,}\-paucl thrermomnetet:

If the actual difference between black-panel temperature and black-standard temperature needs to be
measured, this shall be done for each step in a given test cycle.

NOTE 2  Because black-standard thermometers are insulated, their response time for temperature changes is
slightly slower than for a black-panel thermometer.

NOTE 3 At low irradiance levels, the difference between the temperature indicated by a black-panel or black-
standard thermometer and the real specimen temperature can be small. When light sources that emit very little
infrared and visible radiation are used, there will generally be only very small differences in the temperatures
between light- and dark-coloured specimens with same thermal properties.
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5.2.3 In order to evaluate the range of surface temperatures of the exposed specimens and to better
control the irradiance or the conditions in the exposure chamber, the use of a white-panel or white-standard
thermometer, in addition to the black-panel or black-standard thermometer, is recommended. The white-
panel or white-standard thermometer shall be constructed in the same way as the corresponding black-
panel or black-standard thermometer, except for the use of a white coating with a good resistance to ageing.
The reflectance of the white coating shall be at least 60 % between 450 nm and 800 nm and at least 30 %
between 800 nm and 1 500 nm.

5.2.4 Manufacturers of exposure devices shall ensure that devices designed to meet the requirements of
this document are able to meet the requirements in Table 1 for control of the temperature of a black or white
temperature sensor at any position within the allowed exposure area, and the requirements given in Table 2
for control of the temperature of the black or white temperature sensor at the position where it is intended
to operate}] These requirements apply to equilibrium conditions.

Table 1 + Requirements for set-point temperature of the black or white temperature sendor at any
position within the allowed exposure area

Allowable deviation of the sensor temperature when
sensor placed anywhere in the exposure area?

<70°C +5°C
>70 °C +7°C

a2 This operational fluctuation does not take into consideration /measurement or calibration
uncertainty.

Set-point temperature

NOTE For some materials, differences in degradation rate may~eccur between devices operating|within the
allowable temperature ranges. Periodic repositioning of specimerissor random positioning of replicate| specimens
during exp@sure will reduce the variability caused by differences ifitemperature within the exposure areq.

5.2.6 The test report shall indicate whether a black;standard or black-panel thermometer and|whether a
white-stanjdard or white-panel thermometer was uséd.

NOTE PDifferent temperatures can be indicated by a single type of black-standard or black-panel thermometer,
depending pn the specific design of the device supplied by different manufacturers.

5.2.7 If the exposure chamber air temperature is measured, the temperature-sensing element shall be
shielded fijom the light source and water spray. The chamber air temperature measured at this position may
not be the|same as the chamber air témperature near the surface of the exposed specimens. Manpfacturers
of devices|that control chambef air temperature shall ensure that their equipment is able to mgintain the
requirements given in Table‘2)for the measured chamber air temperature. These requirements apply to
equilibrium conditions.

5.2.8 A talibration\of the temperature sensor used to measure the chamber air temperatuge shall be
conducted| regularly’ The recommended recalibration procedure and intervals can be provided by the
equipment maripfacturer. ISO 10012IZ] provides information for setting the calibration interval. When none

of this infprmation is available, it is recommended to perform a calibration once a year. In any case, the
recalibrat‘nn intervals shall he jncfifior] and documented

5.2.9 A calibration of the white or black surface thermometer integrated in the laboratory exposure device
shall be conducted regularly. The recommended recalibration procedure and intervals can be provided by
the equipment manufacturer. ISO 10012[Z] provides information for setting the calibration interval. When
none of this information is available, it is recommended to perform a calibration once a year. In any case, the
recalibration intervals shall be justified and documented.

Intermediate checks/verifications are recommended whenever changes are made to the apparatus that can
affect the device performance, such as changes to test cycle parameters or replacing lamps or filters.
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5.3 Humidity and wetting

5.3.1 The presence of moisture on the exposed face of the specimen, particularly long wet periods and the
cyclic change between wet and dry periods, can have a significant effect in accelerated laboratory exposure
tests. Any device operated in accordance with any of the parts of ISO 4892 which attempts to simulate the
effects of moisture shall have means for providing moisture to specimens using one or more of the following

methods:

a) humidification of the chamber air;

b)
)

water

formation of condensation;

spray;

NOTE
in ISO

imme]

d)
53.2 W;

5.3.2.1 H§
is very im
exposed s
specified,

0,2 ug/go
water of t
solids and

Recirculat
water mee

5.3.2.2 ]
as in xeno

The quantity of water delivered to specimens by water spray can be determined using|the
p374109],

sion.
hter purity

or xenon-arc and carbon-arc instruments, the purity of the water used for spraying the
portant. Without proper treatment to remove cations, anions,(0rganics and, in partic
becimens will develop spots or stains that do not occur in-ekterior exposures. Unless
water used for specimen spray shall contain a maximum ‘of 1 pg/g of solids and a m
F silica. Distillation, or a combination of deionization and reverse osmosis, can effective
e desired purity. If the water used for specimen sptay contains more than 1 pg/g of
silica levels shall be reported.

jon of water used for specimen spray is not-kecommended, but is permitted if the rdg
ts the purity requirements listed above for'the duration of the test.

'he purity of water used for sprayinglin instruments using UV fluorescent lamps is nof]
n-arc and carbon-arc instruments;Therefore, the test panels shall be sprayed using

has been purified so as to have less than 2;0 pg/g dissolved solids content and <0,5 ug/g suspe

content.

5.3.3 Ify
to determ
specimens
specimen
shall be fl
resuming

5.34 Al

pecimens are found to have deposits or stains after exposure, the water purity shall |
ine whether it meets_the purity requirements specified in 5.3.2. On some occasion
can be contaminated by deposits from bacteria that can grow in the purified wate
spray. If bacterial’ contamination is detected, the entire system used for specimen w
ished with a/ehlorinating solution such as sodium hypochlorite and thoroughly rinsg
PXpOSUres.

hough conductivity does not always correlate with silica content, it is recommende

procedure

specimens
1ar, silica,
otherwise
hximum of
ly produce
solids, the

circulated

as critical
water that
hded silica

e checked
5, exposed
r used for
ater spray
bd prior to

d that the

conductivity-of the water used for specimen spray be continuously monitored and that exposures |

be stopped

whenever the conductivity 1s above 5 fS/cm.

5.3.5 All components of the specimen spray unit shall be fabricated from stainless steel or some other
material that does not contaminate the water with materials that can absorb UV radiation or form unrealistic
deposits on test specimens.

5.3.6 Ifhumidity controlis required, sensors used to measure humidity shall be placed within the chamber
air-flow and shielded from direct radiation and water spray. When humidity is controlled, the measured
relative humidity shall be maintained to £10 % of the set point humidity.

NOTE This operational fluctuation does not take into consideration measurement or calibration uncertainty.
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A calibration of the humidity sensor used to measure the chamber humidity shall be conducted regularly.
The recommended recalibration procedure and intervals can be provided by the equipment manufacturer.
ISO 10012[7] provides information for setting the calibration interval. When none of this information is
available, it is recommended to perform a calibration once a year. In any case, the recalibration intervals
shall be justified and documented.

5.3.7 Any device that introduces periods of wetting of the exposed specimens by any method shall have
means to programme the periods with and without wetting.

5.4 Other requirements for the exposure device

5.4.1 Altheugh—various—designs—efexpesure—device—are—usedinpractice—each—device—shall meet the
requirements in 5.4.1.1 and 5.4.1.2.
5.4.1.1 Any device intended to simulate the effects of light and dark cycles shall jhave an |electronic

controllerjor mechanical device to programme periods with or without radiation.

5.4.1.2 Manufacturers shall ensure that devices that provide periods durihg which the| exposure

conditiong are different have means to time each period. The length of time‘\of each cycle phasge shall be

controlled|to 1 min. It is desirable to use timers that are as accurate and have as high a repedtability as

possible. (ptionally, a means to record the length of each test period may@iso be provided.

5.4.2 Tolfulfil the requirements of particular test procedures, thé device may need to provid¢ means to

register o1 record the following operating parameters:

a) theline voltage;

b) the lajnr:p power;

c) thelamp current;

d) the spectralirradiance (or the integrated spectral irradiance) within the passband used and the radiant
exposfire.

6 Test §pecimens

6.1 Form, shape and preparation

6.1.1 The methods used for the preparation of test specimens can have a significant impag¢t on their

apparent
interested
material i

lurability. THerefore, the method used for specimen preparation shall be agreed uj
parties{It'should preferably be closely related to the method normally used to p
h typical applications. A complete description of the method used for the preparat

on by the
rocess the
on of test

specimeng shdll‘be included in the test report.

6.1.2 The dimensions of the test specimens are normally those specified in the appropriate test method
for the property or properties to be measured after exposure. When the behaviour of a specific type of
article is to be determined, the article itself should be exposed whenever possible.

6.1.3 If the material to be tested is an extrusion- or moulding-grade polymer in the form of granules,
chips, pellets or some other raw state, specimens to be exposed shall be cut from a sheet produced by the
appropriate method. The exact shape and dimensions of the specimens will be determined by the specific
test procedure used for measurement of the property of interest. The procedures used to machine or cut
individual test specimens from a larger sheet or article may affect the results of the property measurement,
and hence the apparent durability of the specimens. For preparation of test specimens, the procedures
described in ISO 293[10] [SO 294-1[11] 1SO 294-2[12] and ISO 294-3[13] 1SO 295[14] and ISO 3167[15] have been
found to be satisfactory.
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6.1.4 In some cases, individual specimens used for property measurement may need to be cut from
a larger specimen which has been exposed. For example, materials that delaminate at the edges may be
exposed in the form of larger sheets from which individual test specimens are cut after exposure. The effects
of any cutting or machining operation on the properties of individual test specimens are usually much larger
when the test specimens are cut from a large piece after exposure. This is especially true for materials that
embrittle on exposure. Follow the procedures described in ISO 2818 for preparation of test specimens by
machining. Only cut individual test specimens for property measurement from larger specimens that have
been exposed when this preparation procedure is specifically specified.

When test specimens are cut from an exposed sheet or larger article, they should preferably be taken from
an area that is at least 20 mm from the fixture holding the material or from the exposed specimen edges. In
no circumstances shall any material from the exposed face be removed during test specimen preparation.

615 W
and expos

hen comparing materials in an exposure test, use test specimens that are similarn’dimensions

bd area.

6.1.6 Lapel test and control specimens using markings that will not become illegible) during thg
and will ngt affect the measurement of the desired properties.

P exposure

NOTE Guidance on this is given in Reference [16].

h the bare
that affect

Do not tofich the exposed surfaces of specimens or the optical components of the device wit
skin becayse this is likely to transfer oils that may act as UV absorbers or‘contain contaminants
degradatign.

6.2 Number of test specimens

6.2.1 Thle number of test specimens for each set of test‘conditions or each exposure period shall be that

specified i

For the dd
exposed b
known to

6.2.2 Ift
be expose
for each e3

6.2.3 W
test specin
file specin

h the appropriate test method for the property or properties to be measured after expd

termination of mechanical properties~it is recommended that the number of test
e twice that required by the relevant International Standard (due to the large standarq
bccur in measuring the mechanical properties of “weathered” materials).

he test method used for property measurement does not specify the number of test sp
1, it is recommended thataminimum of three replicate specimens of each material bg
posure stage.

nen destructive tests are used to determine the properties being measured, the total
nens required willbe determined by the number of exposure periods used and whether {
ens are testéd-at the same time as exposed specimens.

6.2.4 Co
recomme
Before an

agree on tf

trol materials of known durability should preferably be included with each exposur
ded that control materials known to have relatively poor and relatively good durabilif

sure.

specimens
deviation

pcimens to
e prepared

number of
inexposed

e test. It is
y be used.
parties to

laboratory to laboratory comparlsons are made itis necessary for all the interested|

be the same as that used for test materlals

6.3 Storage and conditioning

preferably

6.3.1 Unless otherwise specified by contract or by the relevant materials standard, condition the
test specimens that have been cut or machined from large pieces in accordance with ISO 291. In some
circumstances, it may be necessary to precondition the sheets prior to cutting or machining to facilitate
specimen preparation.
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6.3.2 When using tests to characterize the mechanical properties of the materials being exposed,
specimens shall be appropriately conditioned before all property measurements. Use the conditions
described in ISO 291, where appropriate. The properties of some plastics are very sensitive to moisture
content, and the duration of conditioning may need to be longer than that specified in ISO 291, particularly
where specimens have been exposed to climatic extremes.

6.3.3 File specimens shall be stored in the dark under normal laboratory conditions, preferably in one of
the standard atmospheres given in ISO 291.

6.3.4 Some materials will change colour during storage in the dark, particularly after exposure. It is
essential that colour measurement or visual comparison be carried out as soon as possible after exposure or
after a fixed time once the exposed surface has dried. The waiting period and conditions shall be added to
the test report.

NOTE n some cases, additional evaluation of colour change after a conditioning period of, for‘exaniple, 24 h is
very helpful in determining whether the colour is stable after the specimens have been removed ffom tHe exposure
chamber.

7 Test conditions and procedure

7.1 Set points for exposure conditions

The conditions and procedures for the artificial accelerated weathefing or artificial accelerated Jrradiation
exposure flepend upon the particular method selected. Refer dire¢tly to the appropriate part of ISO 4892
or to any pther relevant International Standard. For each expagsure test, specific set points for [important
parametells such as irradiance, temperature and humidity, are used. Typically, these parameters are
measured|and controlled at a single position within the £ést chamber that is known as the corftrol point.
Table 2 lisfs the maximum allowable deviation from the:set point when the exposure device is operating at
equilibrium conditions.

Table 2 — Maximum allowable deviation from exposure condition set points

Maximum allowable deviation
Set-point parameter of the measurement from the set point
at equilibrium?

Irradiance[measured at a single wavelength +4

in W/(m?2-nm) =
Irradiance[measured over a br.dgad passband +8

in W/m2 (300 nm to 400 nm) =070
Irradiance[measured oven awide passband +15 o

in W/m2 (300 nm to 80:0-hm) =270

Temperatuyre of blackssand white-standard +3 °C for set points up to 70 °C
thermometer +4 °C for set points greater than 70 °(
Temperaturéof black- and white-panel +3 °C for set points up to 70 °C
thermometer F4>CfOr SEC POITS greater tarm 70-°C

+3 °C for set points up to 70 °C
+4 °C for set points greater than 70 °C
Relative humidity (when controlled) *10 %
NOTE The definition of passbands is found in ISO 9370.

Temperature of chamber air (when controlled)

a  This operational fluctuation does not take into consideration measurement or calibration uncertainty.

NOTE A single-point measurement does not mean conditions throughout the exposure chamber are the same. It
does not mean two tests run in similar exposure devices will produce the same results. Exposure devices that control
temperature only by means of a black-standard thermometer or black-panel thermometer will not produce the same
results as exposure devices that simultaneously or alternatively control the air temperature.
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7.2 Property measurements on test specimens

7.2.1 Follow the procedures described in ISO 4582 for measuring properties of test specimens before and
after exposure and for expressing the change in properties after exposure. Refer to the relevant International
Standard for the specific procedures to follow for measuring specimen properties.

7.2.2 If non-destructive tests are used to measure the properties of the materials being tested, the
properties of the specimens shall be measured before beginning the exposure. The same property is then
measured after each exposure period. Care shall be taken to make the property measurement after each
exposure period in the same position on the specimen.

NOTE To monitor the response of the instrument used to measure the desired property, one can carry out a
measuremgnt on a reference or calibration specimen each time the test instrument is used.

7.2.3 If dlestructive tests are used to measure the properties of the materials being tested, separate sets
of specimg¢ns will be needed for each exposure period. The property is measured on each set ¢f exposed
specimeng. It is recommended that the value of the property after exposure be compared with the property
measured|on a set of file specimens of the same material that is measured at the same time as the exposed
specimeng. Alternatively, the value of the property after exposure may be compared with that obtained
prior to exiposure.

7.3 Sampling for intermediate and final evaluation

Specimen handling and evaluation is influenced by the surface conditions at the time of sampling, i.e. if the
specimen {s dry or wet. For exposure conditions, which contain wetting phases (by condensation, [mmersion
or spraying) it is recommended to plan the exposure in a manner that the sampling takes place at{the end of
a dry phage or that the samples are allowed to dry before evaluiations.

NOTE ASTM G147 provides guidance on handling specimens if they are wet.

8 Periqds of exposure and evaluation of test results

8.1 General

The repeatability and reproducibility-of results obtained in exposures conducted in accordance with any of
the parts ¢f ISO 4892 will vary withthe materials being tested, the material property being medsured and
the specific test conditions and/Cyeles that are used.

NOTE n interlaboratory studies(’Z] conducted by ASTM subcommittee G3.03, the 60° gloss values pf replicate
PVC tape $pecimens exp@sed in different laboratories using identical exposure devices and expogure cycles
showed sigpificant varidbility. The variability shown in these interlaboratory studies restricts the use ¢f “absolute
specificatigns” such as.requiring a specific property level after a specific exposure period.

8.2 Use|of.control materials

8.2.1 Inmostcases, periodic evaluation of test and control specimens is necessary to evaluate the direction

of property change as a function of exposure. The time or radiant exposure necessary to produce a defined
change in a material property can be used to evaluate or rank the durability of materials. This method is
preferred over evaluating materials after an arbitrary time or radiant exposure.

8.2.2 Exposure to an arbitrary time or radiant exposure may be used for the purpose of a specific test if
agreed upon by all parties or if required for conformance to a specification. Two criteria are critical when
selecting the single time or radiant exposure used.

a) When control materials of minimum acceptable performance are used, statistical analysis of the results
after exposure shall show that the test material is equivalent to or better than the control material.
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b) A substantial change in the property of interest shall be produced in the least stable material being
evaluated.

NOTE An exposure time that produces a significant change in one type of material cannot be assumed to be
applicable to other materials.

8.2.3 Use appropriate statistical analysis when comparing the results given by test and control materials.
Test and control materials can be considered different when the results of the statistical analysis are

significant to at least the 90 % confidence level.

NOTE

8.3 Use|of results in specifications

8.3.1
a specific
[SO 4892,
takesinto

of interest.

Standard
all laborat

8.3.2
property |
any of the
from at le
to determ

method us

8.3.3 The interlaboratory studies cited in 8.1 démonstrated that the gloss values for a series o

could be

results frg

establishe
terms of ¢
simultane
agreed up

9 Test

The test re

9.1
a)

b) theco
9]
NOTE

Sped

If an International Standard or specification for general use requires a definite property

If 4

a full deseription of the specimens and their origin;

Reference [18] provides information on the use of statistical methods for analysing results from artificial
accelerated weathering or artificial accelerated irradiation exposures.

ime or radiant exposure in an exposure test conducted in accordance with’any of t}
he specified property level shall be based on results obtained in an intetlaboratory
onsideration the variability due to the exposure and the test method used to measure th
The interlaboratory study shall be carried out in accordance with)the relevant In]
r conducting interlaboratory exposures and shall include a statistically representative
bries or organizations which would normally conduct the expostire and property meas

n International Standard or specification for use betweentwo or three parties require
evel after a specific time or radiant exposure in an exposure test conducted in accorg
parts of ISO 4892, the specified property level shall’be based on statistical analysig
st two separate, independent exposures in each laboratory. The design of the experi
ne the specification shall take into consideration‘the variability due to the exposure a
ed to measure the property of interest.

ranked with a high level of reproducibility between laboratories. When reprody
m an exposure test conducted jiiraccordance with any of the parts of ISO 4892 hav
 through interlaboratory testing, performance requirements for materials shall be s
pbmparison (i.e. rank) with a_ontrol material. Specimens of the control material shall I
busly with the test specifmen(s) in the same device. The specific control material usg
bn by the interested partiés.

report

port shall contain at least the following information:

imen;description:

level after
le parts of
study that

ke property

ernational
sample of
irement.

b a definite
ance with
of results
ment used
hd the test

 materials
cibility in
b not been
becified in
e exposed
d shall be

mpound details, cure time and temperature, where appropriate;

a complete description of the method used for preparation of the test specimens.

If exposure tests are conducted by a contracting agency, specimens are usually identified by code-number.

In such cases, it is the responsibility of the originating laboratory to provide the complete specimen description when
reporting the results of the exposure test.
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9.2 Description of exposure test conducted in accordance with ISO 4892-2, 1SO 4892-3 or ISO 4892-4,
including the following:

a)

£

g)

h)

9.3

b)

a desc

ription of the exposure device and radiation (light) source, including

1) the type of device and radiation (light) source,

2) adescription of the optical filters used (if applicable),

3) ifrequired, the irradiance at the specimen surface (including the passband in which the radiation

w

as measured),

4) the number of hours that the filters and the radiation (light) source had been used prior to beginning

tl'\o evnosure:
Ee-EXxpoSate;

t

the ty
was n

if reqy
if requ

acom
dark g

1) the set point for the black and/or white surface thetmometer used and the maximum|

dg

5) al}iescription of the radiometer integrated in the laboratory exposure device used-for

e radiant exposure, if used.

be of black and/or white surface thermometer used and the exact position ofthe therm
bt located in the test specimen exposure area;

ired, the type of instrument used to measure the chamber air température;
ired, the type of instrument used to measure the humidity;

blete description of the exposure cycle used, including the fellowing information for eac|
eriod:

viation from the set point if different from that in Fable 2,

2) t

different from that in Table 2

3) fo
w

4) f
P4

tT water used for the spray was greater than 1 ug/g, report the total solids and the silicg
0

e set point for the relative humidity and the maximum allowable deviation from the ¢

tests which include a water spray period, the duration of the water spray and whethe
hs sprayed on the exposed face, the-back or both surfaces of the specimens (if the tot

riod,

5) t

the

tempgdrature and hufnidity sensors integrated in the laboratory exposure device when in use

a descfription ofthle method used to mount the specimens in the exposure frame, including a d
of any|materialused as backing for the test specimens;

the prpgédure for test specimen repositioning, if used.

e length of each lightand dark period;

st recent calibration dates for irradiance, black or white surface thermometer, ch

measuring

bmeter if it

h light and

allowable

bet point if

the water
hl solids of
| content),

tests where water is condensed on the specimens, the set point for the length of the condensation

amber air

escription

Test

results.

A complete description of the test procedure used for measurement of any properties reported.

The results, presented in accordance with ISO 4582, and including the following:

1) theresults from property measurements on the test specimens;

2) th
3) th

e results from property measurements on control specimens;

e results from property measurements on unexposed file specimens, if determined;
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4) the exposure period (either the time, in hours, or the radiant exposure, in ]‘m~2, and the passband in
which it was measured).

9.4 The date(s) of the exposure test.
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Annex A
(normative)

Procedures for measuring the irradiance uniformity in the specimen

Al

exposure area

d BV maoacnuratha irradianecg A+ 2 macition 1n +thao cnaciman raclr that 3
Treoaoar Tt ottt po

In devices that use a rack to hold the specimens and rotate them around a light source [shown at the
centre of FiguresA-ta)an

closest to

the light s
from the |
the rack aj
The relati
accordanc

Eg=0,

o5 STCTOTT T circ o p o Cc i rocic oo e 1

burce (position A in Figure A.1) and at two positions within the specimen rack thatia
ght source (position B in Figure A.1). Measurements made with a radiometer that/is
it rotates around the light source will give the most realistic indication of irradiance v
bnship between the irradiance at position B relative to the irradiance at position A

Figu

A2 Ind
irradiance
and in tw

e with Formula (A.1):
N
B B B B
W W/
N[ v,
N\ N\
N\|Z NIZ
SE SE
2R 218
N N
7N I\
7N 7\
B B B B
a) Flat specimen’'rack b) Canted specimen rack
‘e A.1 — Determining irradiance uniformity in devices using a rotating specimen

bvices, where specimens are positioned in a flat plane in front of a light source, m¢
at7a position in the specimen plane that is closest to the light source (position X in H

e farthest
placed on
niformity.
shall be in

(A1)

rack

basure the
igure A.2)

p Opposite corners of the plane where test specimens are placed (position Y in Figure A.2).

The relationship between the irradiance at position Y relative to the irradiance at position X shall be in

accordance with Formula (A.2):
Ey 2 0,7Ey
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Y

Y Y

a) Fl

at specimen plane with fluorescent

lamps es

b) Flat specimen plane with multiple point sourc-

Fig

A.3
area or su
maximum
Ey in Forn
exposure

at least 70
made at t}

fluorescent lamps or line sources areyused as the light sources). For more precise definition of tl
2 E,, many more than four measurements near the periph

exposure
€XpOSUure :

A4 Asa
use of wea
or moistul
the weath
and shoulg
exposure.

Ifthe

Y Y

c) Flat specimen plane with multiple line sources

design of the device is such that the maximuin irradiance may not be at the centre of th
ch that the minimum irradiance may not.be at the position farthest from the centre,
irradiance shall be used for E, or Ey and the actual minimum irradiance shall be use
hulae (A.1) and (A.2). Additional measurements of the irradiance at other positions
hirea may also be made. In all casesyhowever, the irradiance measured at these positio
% of the maximum irradiance.‘Unless otherwise specified, at least four measureme
e periphery of the proposediexposure area (e.g. near the corners of flat specimen pl

hrea, where Ey > Ey or(Ep
irea will be necessary.

thering reference materials if the ageing of these materials is independent of the effe

ering reference material shall be a known function of the radiant exposure (prefera

h alternative toirradiance measurements, the uniformity of the irradiance may be detg
e or if the effects of heat and moisture are known. The change in the characteristic p

| preferably not show an induction time with little change in the property as a function
[Figure A.3 is a typical plot showing the characteristic property of weathermg referencg

ure A.2 — Determining irradiance uniformity in‘devices using a flat specimen plane

P exposure
the actual
1 for E or
within the
ns shall be
s shall be
nes where
he allowed
ery of the

rmined by
cts of heat
roperty of
ply linear)
of radiant
materials
ial is that

as a funct

£ s TL £ | +la
Ull Ul'1 ClulClllL CAlJUDbll C Ul CA}JUDUI C LllllC I 1IC lJl CICIICUU vwidllIUTl 1115 1 CICI CIILT lllaLC

which shows a completely linear response throughout the exposure period. Materials that show an induction
period followed by a period of rapid change are not recommended for use as weathering reference materials.
Materials that show a linear response followed by a period where response is not linear shall only be used
for exposure periods during which they exhibit a linear response. Expose weathering reference material
specimens at the centre of the exposure area and at positions farthest from the centre. All specimens shall
be exposed at the same time. Expose the reference specimens until there is a measurable change in the
characteristic property being monitored. The change in the measured property of the weathering reference
material at positions farthest from the centre shall be atleast 70 % of the change measured for the specimen
exposed at the centre.
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NOTE Actual measurements of irradiance are preferred over the use of weathering reference materials because
differences in property change between weathering reference material specimens exposed at the extremes of the
exposure area and those exposed at the centre may be significantly affected by differences in temperature and/or

moisture conditions as well as differences in irradiance.

Y\
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AW N R <

Figure A.3 — Typical behaviour of the characteristic property as a function of expos
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radianf exposure or exposure time (arbitrary units)
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weathg¢ring reference material showing linear change-{square symbols)
weathg¢ring reference material showing an inductien time before the property starts to change (triangul
weathg¢ring reference material showing a periédof linear change (empty circles)

followed by a region of non-linear change (black-filled circles)
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Annex B
(informative)

Factors that decrease the degree of correlation between artificial
accelerated weathering or artificial accelerated irradiation exposures

and actual-use exposures

B.1 Difi
source

is used o
exposure
mechanis
the accele

If radiatio
the mater
However,
of the UV
be very i
radiation.
caused by
in exposur

B.2 Irrd

Irradiance
exposures
the use of]
conditions
and these
tests are ¢

a)

erences between the relative spectral irradiance of the laboratory ligl

d that of solar radiation

UV radiation is generally considered to be about 300 nm. Expostres to UV rg

tdoors. If a laboratory light source used in an artificial accelerated weathering or 1
roduces UV radiation of wavelengths shorter than that found4in*the actual-use cond
of degradation and the stability ranking of the materials tested can be dramatically g
ated test.

in a specific region of the spectrum is known to produce the type of degradation of
als being tested, it may not be necessary to simulate’solar radiation over the entire
aboratory light sources that have a very strong-émission in a narrow band relative
r visible spectrum may cause a particular reaetion to be favoured relative to other
portant. This type of light source may alsg hot produce changes caused in exposur
Exposures to light sources which only produce UV radiation may not produce the g
visible radiation and may cause polymép yellowing that is more pronounced than thaf
es to solar radiation.

diance levels higher than those experienced in actual-use conditions

levels higher than those’experienced in mean actual-use conditions are typicall
to laboratory light seurces in order to accelerate degradation. There are two main re
abnormally high irradiance can change the mechanism of material degradation rela
found in an actual-use environment (polymers show a broad range of responses to irr
differences cah alter the stability ranking of materials when results from artificially 4
pmpared with those from in-service exposures).

erior exposures, polymers in an excited state caused by absorption of a high-energy p

b)

dlly de¢ay to the ground state before absorbing another high-energy photon. However, in

radiation f

lux, the rate of photon ab

nt

ccelerated
for short-
diation of

s less than 300 nm may produce degradation reactions that do not occur when the material

rradiation
itions, the
ifferent in

interest in
spectrum.
fo the rest
5 that may
bs to solar
olour fade
produced

y used in
hsons why
tive to the
hdiancell9]
ccelerated

hoton will
exposures
sorption is

pratory light sources producing an abnormally high

tatel20],

Free radicals are often formed in materials exposed to UV radiation. Reactions leading to degradation

occur when the free radicals interact with the material. Free radicals can also recombine with other
free radicals in reactions that do not lead to degradation. The high concentration of free radicals formed
under high-irradiance conditions results in a greater percentage of recombination due to the close
proximity of the free radicals. In this case, degradation is not a linear function of irradiancel21l,

Furthermore, oxygen diffusion can sometimes become rate-limiting in polymer oxidation processes where
abnormally high irradiance (or abnormally high specimen temperatures) is used for test acceleration.[22]
This can produce differences in the mechanism of degradation reactions and may cause an abnormal ratio of
surface to bulk oxidation, which could result in unnatural colour shifts or physical-property changes.
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B.3 Continuous exposure to radiation with no dark periods

Continuous exposure to radiation from laboratory light sources is often used in order to achieve accelerated
degradation relative to actual-use conditions. However, continuous exposure to radiation may eliminate
critical dark reactions that occur in outdoor exposures or indoor-use conditions where there are regular

periods without radiation.

B.4 Spe
conditio

cimen temperatures that are abnormally high relative to actual-use
ns

Temperatures hlgher than those experlenced in actual- -use conditions are often used to obtain faster

degradat1 N

are subjed
may makse
material.
can drama
conducted

to the same rate and type of photodegradation, exposures at abnormally high. te
a temperature-sensitive material appear to be less durable than a less temperatur
n addition, exposures of polymers at temperatures above their glass-transition te
tically alter the mechanism of degradation and the stability ranking compared with
at a temperature below the glass-transition temperature. The black-panel temperatuy

\peratures
b-sensitive
mperature
exposures
re used in

an artificipl accelerated weathering or artificial accelerated irradiation exposurée should be maintained in

a reasonal
black spec

B.5 Exp
between

Some labo
of the speq
by passing
the amoun
difference
be seen in

Some labd
laboratory
may be my

le range, which is usually no higher than the maximum observeddor‘the surface temy
imens in actual-use conditions.

osure conditions that produce unrealisticallylarge temperature diffe
light- and dark-coloured specimens

Fatory light sources produce large amounts of infrared radiation. In order to prevent o
imens, the infrared radiation can be reduced by\iising infrared-absorbing or -reflectin
large amounts of air through the exposure chamber to cool the specimens. If measures
t of infrared radiation reaching the specimens being exposed are not sufficient, the te
5 between light- and dark-coloured specimens of the same material can be much larger
natural exposures.

ratory light sources produce very little visible and infrared radiation. When thes
light source are used, the temperature difference between dark- and light-coloured
ch less than that found in.outdoor exposures.

B.6 Te
conditio

Abnormal

r1:lperature cycling conditions that are different from those found in ac

S

y high temperature-cycling frequencies can produce mechanically induced cracking

types of degradatien\not seen in exposures under actual-use conditions. Exposure devices w

specimens

with watér when the light source is on can produce an abnormally rapid change in te

that may aflso prioduce cracking not produced in the actual-use environment.

erature of

rrences

verheating
y filters, or
to control
mperature
han would

b types of
specimens

fual-use

or other
hich spray
mperature

B.7 Unrealistic levels of moisture in the accelerated test compared with those found
in actual-use conditions

Moisture is very important in producing degradation of many polymers. If the amount of moisture, or the
way in which specimens are exposed to the effects of moisture in an artificial accelerated weathering or
artificial accelerated irradiation exposure, differs from that in the actual-use environment, the mechanism
and rate of degradation may be very different. This can have a significant effect on the stability ranking of
the materials.
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