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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Plastics are often used outdoors or in indoor locations where they are exposed to solar radiation or to
solar radiation behind glass 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).[1] However, it is often necessary to determine more rapidly 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 g
failufres.

Relafing results from accelerated weathering or artificial accelerated irradiation exposut
obtalined in actual-use conditions is difficult because of variability in both types of ex

becq
expd
simu
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the
poll
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use laboratory tests never reproduce exactly all the exposure stresses‘experienced
sed in actual-use conditions. No single laboratory exposure test can”be specified
lation of actual-use exposures.

relative durability of materials in actual-use exposures carkbe very different de
ocation of the exposure because of differences in UV radiatien, time of wetness, te

Hltants and other factors. Therefore, even if results frgm" specific accelerated we
i

cial accelerated irradiation exposures are found to be useful for comparing the relativ

aterials exposed in a particular outdoor location or inparticular actual-use conditior]
ssumed that they will be useful for determining the-relative durability of materials e
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INTERNATIONAL STANDARD

ISO 4892-

1:2016(E)

Plastics — Methods of exposure to laboratory light

sources —

Part 1:

General guidance

1 Bcope

This| part of ISO 4892 provides information and general guidance relevant to.the selection and
opetrfation of the methods of exposure described in detail in subsequent jparts. It alsp describes
gendral performance requirements for devices used for exposing plastics t6aboratory light sources.
Information regarding performance requirements is for producers of artificial accelerated ([weathering
or artificial accelerated irradiation devices.

NOTE In this part of ISO 4892, the term “light source” refers to radiation sources that emit [V radiation,
visible radiation, infrared radiation or any combination of these types®f radiation.

This|part of ISO 4892 also provides information on the interpretation of data from artificial|accelerated
weathering or artificial accelerated irradiation exposures. More specific information about methods for
detefmining the change in the properties of plastics after'exposure and reporting these resplts is given
in IS0 4582.

2 Normative references

The [following documents, in whole or in.part, are normatively referenced in this documgnt and are
indigpensable for its application. For. ddted references, only the edition cited applies. Hor undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO P91, Plastics — Standard atmospheres for conditioning and testing

ISO 293, Plastics — Compression moulding of test specimens of thermoplastic materials

ISO R94-1, Plastics —-Tajection moulding of test specimens of thermoplastic materials — Pant 1: General
pringiples, and moudding of multipurpose and bar test specimens

ISO R94-2, Plastiecs — Injection moulding of test specimens of thermoplastic materials — Part 2: Small
tenslle bars

ISO 29443 ‘Plastics — Injection moulding of test specimens of thermoplastic materials — Part 3:{Small plates

ISO 295, Plastics— compression modultding of test Specimerns oj tnermoseciing mdteridls

ISO 2818, Plastics — Preparation of test specimens by machining

ISO 3167, Plastics — Multipurpose test specimens

ISO 4582, Plastics — Determination of changes in colour and variations in properties after exposure to
daylight under glass, natural weathering or laboratory light sources

ISO 4892-2, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc lamps

ISO 4892-3, Plastics — Methods of exposure to laboratory light sources — Part 3: Fluorescent UV lamps

ISO 4892-4, Plastics — Methods of exposure to laboratory light sources — Part 4: Open-flame carbon-

arcl

amps
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ISO 9370, Plastics — Instrumental determination of radiant exposure in weathering tests — General
guidance and basic test method

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE D

3.1
control

efinitions of other terms that are related to weathering tests are found in Reference [2].

<weatherin|g testing> material which is of similar composition and construction to the test niat

and which i

5 exposed at the same time for comparison with the test material

erial

Note 1 to enftry: An example of the use of a control material would be when a formulation different fron} one

currently be
formulation.

3.2
file speci
portion o

ing used is being evaluated. In that case, the control would be the plastic made‘Wwith the ori

f the material to be tested which is stored under conditions in which it is stable and whi

"En
used for conparison between the exposed and unexposed states

3.3
artificial a
exposure 0
intensified

Note 1 to ent
and/or wate
occur in outd

Note 2 to er
weathering
effect of indu

3.4

artificial a
exposure o
solar radiat
relatively s
the same ch

ccelerated weathering
f a material in a laboratory weathering device to\conditions which may be cyclic
rompared with those encountered in outdoor or-infservice exposure

ry: This involves a laboratory radiation source, heat and moisture (in the form of relative hum
[ spray, condensation or immersion) in an attempt to produce more rapidly the same changeg
oor exposure.

try: The device may include means. for*control and/or monitoring of the light source and
barameters. It may also include exposure to special conditions, such as acid spray to simulat
strial gases.

ccelerated irradiation

[ a material to a labonatory radiation source intended to simulate window-glass-filt]
ion or radiation from interior lighting sources and where specimens may be subjectsg
mall changes in-témperature and relative humidity in an attempt to produce more raj
anges that occiwr when the material is used in an indoor environment

Note 1 to enffry: Thes€.exposures are commonly referred to as fading or lightfastness tests.

3.5
reference
material of

3.6

aterial

ginal

ch is

and

idity
that

ther
e the

ered
d to
pidly

Known periormance

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

4 Principle

4.1 General

Specimens of the samples to be tested are exposed to laboratory light sources under controlled
environmental conditions. The methods described include the requirements which have to be met for
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the measurement of the irradiance and radiant exposure in the plane of the specimen, the temperature
of specified white and black sensors, the chamber air temperature and the relative humidity.

4.2 Significance

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 when setting up exposure experiments and when interpreting the results from

artificial accelerated weathering or artificial accelerated irradiation exposures.

4.2,
obt

cons

esta

the s

loca
poll

acco
relaf

beu

4.2.]
factg
artif]
factd

a)

b)

NOT
are

No laboratory exposure test can be specified as a total simulation of actual-use conditions. Results

ined from artificial accelerated weathering or artificial accelerated irradiation expos
idered as representative of actual-use exposures only when the degree of rank’correlati
blished for the specific materials being tested and when the type and mechahism of deg
ame. The relative durability of materials in actual-use conditions can b&¥very different
ions because of differences in UV radiation, time of wetness, relative humidity, te
tants and other factors. Therefore, even if results from a specific/exposure test c
dance with any of the parts of this International Standard are found to be useful for cof
ive durability of materials exposed in a particular environment{it cannot be assumed t}
seful for determining the relative durability of the same matexials in a different environn

8 Even though it is very tempting, it is invalid to assign to all materials a “general
r” relating “x” hours or megajoules of radiant exposure in an artificial accelerated we
cial accelerated irradiation exposure to “y” months or years of actual exposure. Such

rs are invalid for the following reasons.

Acceleration factors are material-dependént and can be significantly different for ea
hnd for different formulations of the sarie material.

Variability in the rate of degradation in both actual-use and artificial accelerated
pbr artificial accelerated irradiation exposures can have a significant effect on thg
hcceleration factor.

Acceleration factors caleulated based on the ratio of irradiance between a laboratory
hnd solar radiation (evern when identical passbands are used) do not take into consig
bffects of temperature, moisture and differences in relative spectral irradiance b
aboratory light soufrce and solar radiation.

E Acceleration factors determined for a specific formulation of a material are valid, but
ased on data“from a sufficient number of separate exterior or indoor environmental tests :

accelerated_weathering or artificial accelerated irradiation exposures so that results used to re

ires can be
bn has been
radation are
in different
Pmperature,
nducted in
mparing the
1at they will
hent.

hcceleration
athering or
hcceleration

ch material

weathering
calculated

ight source
eration the
etween the

only if they
nd artificial
ate times to

failufe in each exposure can be analysed using statistical methods. An example of a statistical apalysis using
multjplelaboratory and actual exposures to calculate an acceleration factor is described in Referenge [3].

4.2.4 There are a number of factors that may decrease the degree of correlation between accelerated
tests using laboratory light sources and exterior exposures (more specific information on how each
factor may alter the stability ranking of materials is given in Annex B):

a) the differences in the relative spectral irradiance of the laboratory light source and solar radiation;

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

c) the exposure cycles that use continuous exposure to radiation from a laboratory light source
without any dark periods;

d) the specimen temperatures higher than those in actual conditions;
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coloured specimens;

f)

temper

g) theunr

h) theabs

atures, or that produce unrealistic thermal shock;
ealistic levels of moisture in the accelerated test compared with actual-use conditions;

ence of biological agents, pollutants or acidic precipitation or condensation.

4.3 Use of accelerated tests with laboratory light sources

4.3.1 Res
conducted i
relative per
are tested 3
exposure ti
specified le
different ba

4311 It
of comparir
of similar ¢
the materia
with relativ

4.3.1.2 Su
order to all

the exposure conditions that produce unrealistic temperature differences between light- and dark-

the exposure conditions that produce very frequent cycling between high and low specimen

ilts from artificial accelerated weathering or artificial accelerated irradiation expoy
h accordance with any of the parts of this International Standard are best used to compar
formance of materials. Comparisons between materials can only be made when'the mate
t the same time in the same exposure device. Results can be expressed by |comparing
me or radiant exposure necessary to reduce the level of a characteristi€property to {
el. A common application of this is a test conducted to establish that the level of quali
fches does not vary from that of a control of known performance.

is strongly recommended that at least one control be exposed with each test for the pur
g the performance of the test materials to that of the controlThe control material shou
mposition and construction and be chosen so that its failure modes are the same as th|
being tested. It is preferable to use two controls, one with relatively good durability and
bly poor durability.

fficient replicates of each control and each test material being evaluated are necessa
bw statistical evaluation of the results. Unless otherwise specified, use a minimum of {

replicates for all test and control materials. When material properties are measured using destru

tests, a sepd

4.3.2 Ins
material (e.
a defined p
in composit
in the test

rate set of specimens is needed for each-exposure period.

bme specification tests, test mateérials are exposed at the same time as a weathering refer
. blue wool test fabric). Thewproperty or properties of the test material are measured

ion from the test matenial-it may not be sensitive to exposure stresses that produce fa
aterial or it may be-very sensitive to an exposure stress that has very little effect o

ures
b the
rials
r the
ome

[ty of

pose
d be
at of
one

"y in
hree
ctive

ence
hfter

Foperty of the reference material reaches a specified level. If the reference material differs

ilure
| the
r the

test materigl. The variability irCresults for the reference material may be very different from that fo
test materigl. All these différences between the reference material and the test material can pro
misleading [results when-~the reference material is used as a control or to determine the length o
exposure pgriod.

duce
f the

NOTE 1
Clause 3.

Definitions+of control and reference materials that are appropriate to weathering tests are given in

NOTE 2 sth g enee 3 AR be—d o—Henite 0 eperating
conditions in an exposure test. Information about the selection and characterization of reference materials used
for this purpose can be found in Reference [4]. Reference [5] describes a procedure which uses the change in the
carbonyl index of a specific polyethylene weathering reference material to monitor conditions in both natural
weathering and artificial accelerated weathering exposures.

4.3.3 In some specification tests, properties of test specimens are evaluated after a specific exposure
time or radiant exposure using a test cycle with a prescribed set of conditions. Results from any
accelerated exposure test conducted in accordance with any of the parts of this International Standard
should not be used to make a “pass/fail” decision for materials, based on the level of a specific property
after a specific exposure time or radiant exposure, unless the combined reproducibility of the effects of a
particular exposure cycle and 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 IS

1:2016(E)

04892-2, a

xenon-arc lamp is used to provide the irradiance for the specimens, in ISO 4892-3 a fluorescent UV lamp

and in ISO 4892-4 an open-flame sunshine carbon-arc lamp.

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

devices in positions that allow uniform irradiance from the radiation source

NOT The spectral irradiance produced in an artificial accelerated weathering device is ver
Ideally, the relative spectral irradiance produced by the device is expected to be a very close’mat
solai] radiation, especially in the short-wavelength UV region. Annex C provides information abo
benchmark solar spectra that can be used for comparing the spectral irradiance produced in
accelerated exposure to that for solar radiation. Subsequent parts of this International/Standard cot
requjrements for the relative spectral irradiance produced in the devices describe@in those parts.

5.1.3 Exposure devices shall be designed such that the irradiance at.any location in the a
spedimen exposures is at least 70 % of the maximum irradiance measured in this area. Prdg
meapuring irradiance uniformity by the device manufacturers are given in Annex A.

NOT The irradiance uniformity in exposure devices depends on several factors, such as
can develop on the optical system and chamber walls. In addition, irradiance uniformity can be af

y important.
ch to that of
it important
the artificial
tain specific

rea used for
cedures for

leposits that
ected by the

typel|of specimen and the number of specimens being exposed: The irradiance uniformity as guaranteed by the

manfifacturer is valid for new equipment and well-definedmeasuring conditions.

5.1.4
70 9
varis
inte]

. If the minimum irradiance at any positiéh in the area used for specimen exposure|
b and 90 % of the maximum irradiance, specimens shall be periodically repositioned tqg
ibility in radiant exposure. The repositioning procedure and schedule shall be agreed
ested parties.

L
»

) Reference [6] describes sevetral possible procedures, including random positioning
mens, that can be used to reduce the variability in exposure stresses experienced by speci
sure.

NOT
spec
expol
5.1.%5 If the irradiance.at/any position in the area used for specimen exposure is at least

max]mum irradiance,it.}s not necessary to use periodic repositioning of the specimens duri
to enjsure uniform radiant exposure. While periodic repositioning of the specimens may not b
it is hevertheless(good practice in order to be sure that the variability in exposure stresses

duripg the exposure period is kept to the minimum.

NOT
prac

£ 1 | «Pepending on the specific sensitivity of the material, periodic repositioning of the speci
ice'to minimize variability in stresses experienced during the exposure.

is between
reduce the
upon by all

of replicate
mens during

D0 % of the
g exposure
e necessary,
experienced

mens is good

NOTE 2
in the conditions within the exposure area.

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

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 Aradiometer that complies 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, Hj,
in the plane of the specimen surface.

5.1.7.1 If used, the radiometer 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 shall be calibrated using a light source
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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 full calibration of the radiometer that is traceable
to a recognized radiometric standards body shall be conducted at least once per year. More frequent
calibrations are recommended.

For fluorescent UVB lamps, field radiometers shall be calibrated with lamps that have a spectral power
distribution which is identical to that of the lamps that will be used for testing.

NOTE1 Reference [7] provides specific guidance on the calibration of radiometers using spectroradiometers.
This method can be used to calibrate the instrument radiometer(s).

NOTE 2  Rpfer to ISO 9370 for definitions of field and reference radiometers.

5.1.7.2 When measured, the irradiance in the wavelength range agreed upon by all interestéd pafrties
shall be repprted. Some types of device provide for measuring irradiance in a specific wavelength range
(e.g. 300 nm to 400 nm or 300 nm to 800 nm) or in a narrow passband that is centréd)dround a single
wavelength|(e.g. 340 nm).

5.2 Temperature

5.2.1 The|surface temperature of exposed materials depends primasily on the amount of radijtion
absorbed, the emissivity of the specimen, the amount of thermal céndtction within the specimen| and
the amount of heat transmission between the specimen and the air or between the specimen and the
specimen h¢lder. Since it is not practical to monitor the surface temperature of individual test specinens,
a specified |black-panel sensor is used to measure and conttél the temperature within the expdsure
chamber. The black panel of the black surface temperature sensor shall be mounted within the specimen
exposure area so that it is in the same plane and orientation and receives the same radiation|and
experienceq the same cooling conditions as a flat test\panel surface. For three-dimensional specinjens,
the black panel shall be in a plane and orientatiod.that best represents the majority of the specimen
surface of ifjterest or at the plane of the primary'surface of interest.

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

5.2.2.1 Black-standard thermometers, consisting of a plane (flat) stainless-steel plate with a thickiness
of 0,5 mm t¢ 1,2 mm. A typical leagth and width is about 70 mm by 40 mm. The surface of this plate fgcing
the radiation source shall bé&eoated with a black layer which has good resistance to ageing. The cdated
black plate |shall reflect ne_more than 10 % of all incident flux up to 2 500 nm. A thermally senditive
element sudh as a platinlim resistance sensor shall be attached to the centre of the plate, in good thefmal
contact with the plate)‘on the side opposite the radiation source. This side of the metal plate shall be
attached toja 5 mmrthick baseplate made of unfilled poly(vinylidene fluoride) (PVDF). A small space
sufficient td hold the platinum resistance sensor shall be machined in the PVDF baseplate. The distance
between th¢ 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 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 panel shall be at least 4 mm from the edges of the metal plate. Black-standard thermometers which
differ in construction from that specified above are permitted as long as the temperature indicated by
the alternative construction is within £1,0 °C of that of the specified construction at all steady-state
temperature and irradiance settings the exposure device is capable of attaining. In addition, the time
needed for an alternative black-standard thermometer to reach the steady-state shall be within 10 % of
the time needed for the specified black-standard thermometer to reach the steady-state.

NOTE Black-standard thermometers are sometimes referred to as insulated black-panel thermometers.

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
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that faces the radiation source 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 shall be firmly attached to the centre of the exposed surface. This thermally sensitive
element can be a black-coated stem-type bimetallic dial sensor, a resistance-based sensor, a thermistor

or a thermocouple. The back side of the metal panel shall be open to the atmosphere.

NOTE 1
panel thermometers.

NOTE 2

As convection cooling acts from both sides, installation geometry influences the stability of black

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

5.2.2.3  Unless otherwise specified, temperatures shall be measured using either of the-tf
designs described above. If other means are used to measure the temperature of black or'w
the ¢gxact construction of the black or white panel shall be included in the test report.

5.2.3 The temperature indicated by the black-panel or black-standard thermometer dep
irradiance produced by the laboratory light source and the temperature and speed of the
in the exposure chamber. Black-panel temperatures generally correspond-to’those for dark
metql panels without thermal insulation on the rear side. Black-standard thermometer te
gendrally correspond to those for the exposed surface of dark samplesswith poor thermal d
At conditions used in typical exposures, the temperature indicated b{ a black-standard therm
be 3|°C to 12 °C higher than that indicated by a black-panel thepmiometer. The actual differer
a black-panel temperature and a temperature measured with“a black-standard thermom
howgver, preferably be determined for each exposure condition. Because black-standard thg
are [nsulated, their response time for temperature changes is slightly slower than for a
thermometer.

eratures indicated by the two types-of-black panel or between light- and dark-coloured

5.2.5 In order to evaluate the range of surface temperatures of the exposed specimens a
contfol the irradiance or the conditions in the exposure chamber, the use of a white-pan
stanflard thermometer, in addition to the black-panel or black-standard thermometer; is rec
The [ white-panel or white-standard thermometer shall be constructed in the same |
corrgsponding black-panelor black-standard thermometer, except for the use of a white ¢
a gopd resistance to ageing. The reflectance of the white coating shall be at least 60 % betw|
and

BO0 nm and atdeast 30 % between 800 nm and 1 500 nm.

5.2.6 Manufacturers of exposure devices shall ensure that devices designed to meet the reg
of thiis part @f'ISO 4892 are able to meet the following requirements for control of the temper
black or‘white temperature sensor at the position where it is intended to operate. These re

ermometer
hite panels,

bnds on the
air moving
coatings on
mperatures
onductivity.
ometer will
ce between
bter should,
ermometers
black-panel

ck-panel or
ion sources
ences in the
specimens.

hd to better
bl or white-
ommended.
vay as the
oating with
een 450 nm

quirements
ature of the
quirements

apply to’equilibrium conditions.

Table 1 — Requirements for set-point temperature of the black or white temperature sensor at

the position where it is intended to operate

Allowable deviation of the sensor temperature at
the position in which sensor operates

+3°C
+4°C

Set-point temperature

<70°C
>70 °C

5.2.7 Manufacturers of exposure devices shall ensure that devices designed to meet the requirements

of this part of ISO 4892 are able to meet the following requirements for control of the temp
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black or white temperature sensor at any position within the allowed exposure area. These requirements

apply to equilibrium conditions.

Table 2 — Requirements for set-point temperature of the black or white temperature sensor at

any position within the allowed exposure area

Allowable deviation of the sensor temperature

Set-point temperature when sensor placed anywhere in the exposure area

<70°C +5°C

>70°C +7°C
NOTE Fopr some materials, differences in degradation rate may occur between devices operating withip the
allowable tefnperature ranges. Periodic repositioning of specimens or random positioning of replicatespecijnens
during expogure will reduce the variability caused by differences in temperature within the exposure area.
5.2.8 Theltest report shall indicate whether a black-standard or black-panel thermometer and whether

a white-standard or white panel thermometer was used.

NOTE Different temperatures may be indicated by a single type of black-standard or black-jpanel

thermometel, depending on the specific design of the device supplied by different manufacturers.

5.2.9 If the exposure chamber air temperature is measured, the temperature-sensing element
be shielded|from the radiation source and water spray. The chambér’air temperature measured at
position m
Manufacturgrs of devices that control chamber air temperature shall ensure that their equipment is
to maintain|the measured chamber air temperature within #3-°C of the set point at under equilib
conditions for set points up to 70 °C and within 4 °C of the sét point for set points greater than 70

5.2.10 Caliprate the temperature sensor used to measure the chamber air temperature in accord
with the sepsor manufacturer’s instructions at leastannually.

5.3 Humijidity and wetting

5.3.1 The|presence of moisture on the exposed face of the specimen, particularly long wet periodg
the cyclic change between wet and\dry periods, may have a significant effect in accelerated labora
exposure t“j\fts. Any device operated in accordance with any of the parts of this International Stan
which attenipts to simulate the effects of moisture shall have means for providing moisture to specir
using one of more of the folowing methods:

a) humidification of the' chamber air;
b) formation of.cendensation;

c) water sjptay;

shall
this

not be the same as the chamber air temperature near-the surface of the exposed specingens.

able
Ffium
C.

ance

and
tory
dard
nens

d) immersion.

5.3.2 Water purity

5.3.2.1 For xenon-arc and carbon-arc instruments, the purity of the water used for spraying the
specimens is very important. Without proper treatment to remove cations, anions, organics and, in
particular, silica, exposed specimens will develop spots or stains that do not occur in exterior exposures.
Unless otherwise specified, water used for specimen spray shall contain a maximum of 1 pg/g of solids
and a maximum of 0,2 pg/g of silica. Distillation, or a combination of deionization and reverse osmosis,
can effectively produce water of the desired purity. If the water used for specimen spray contains
more than 1 pg/g of solids, the solids and silica levels shall be reported. Recirculation of water used
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for specimen spray is not recommended and shall not be done unless the recirculated water meets the
purity requirements listed above.

5.3.2.2 The purity of water used for spraying in instruments using UV fluorescent lamps is not as
critical as in xenon-arc and carbon-arc instruments. Therefore, the test panels shall be sprayed using
water that has been purified so as to have less than 2,0 pg/g dissolved solids content and <0,5 pg/g
suspended silica content.

5.3.3 Ifspecimens are found to have deposits or stains after exposure, the water purity shall be checked
to determine whether it meets the purity requirements specified in 5.3.2. On some occasions, exposed
spedimens can be contaminated Dy deposits from bacteria that can grow in the puriiied wager used for

spedimen spray. If bacterial contamination is detected, the entire system used for specimen
shall be flushed with a chlorinating solution such as sodium hypochlorite and thoroughly rin
ing exposures.

Although conductivity does not always correlate with silica content, i®is’recommen
conductivity of the water used for specimen spray be continuously monitored and that e
stopped whenever the conductivity is above 5 puS/cm.

5.3.5 All components of the specimen spray unit shall be fabricated from stainless steel or
matgrial that does not contaminate the water with materialshat could absorb UV radiat

water spray
sed prior to

Hed that the
kposures be

some other
jon or form

unrgalistic deposits on test specimens.

5.3.
chan
mea

If humidity control is required, sensors used t¢ measure humidity shall be placed within the
nhber air-flow and shielded from direct radiation:and water spray. When humidity is coptrolled, the
sured relative humidity shall be maintained within +10 % of the set point humidity.

If hymidity control is required, the humidity sensors shall be calibrated at least annually injaccordance

with the exposure device manufacturer’s instructions.
5.3.7
have

Any device that introduces periods of wetting of the exposed specimens by any njethod shall

means to programme the periods with and without wetting.

5.4 | Other requirements for the exposure device

5.4.
follo

| Although various’designs of exposure device are used in practice, each device shdll meet the

wing requirements.

5.4.
cony

|.1 Any device intended to simulate the effects of light and dark cycles shall have an electronic

roller ermmechanical device to programme periods with or without radiation.

5.4.1.2’Manufacturers shall ensure that devices that provide periods during which the exposure
conditions are different have means to time each period. The length of each exposure period shall be
controlled to within #10 % of the shortest period used. It is desirable to use timers that are as accurate
and have as high a repeatability as possible. Optionally, a means to record the length of each test period
may also be provided.

5.4.2 To fulfil the requirements of particular test procedures, the device may need to provide means to
register or record the following operating parameters:

a) the line voltage;
b) thelamp wattage;

‘)

the lamp current;
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d) the spectral irradiance (or the integrated spectral irradiance) within the passband used and the
radiant exposure.

6 Test specimens

6.1 Form, shape and preparation

6.1.1 The methods used for the preparation of test specimens can have a significant impact on their
apparent durability. Therefore, the method used for specimen preparation shall be agreed upon by the

interested
material in
specimens {

6.1.2 The
for the proy
article is to

6.1.3 Ifth
chips, pellet
appropriate
test proced
or cut indiy

arties—ttshoutdpreferabty beclosety retatedtothe mrethod mormatty used—toprocesy
typical applications. A complete description of the method used for the preparation\of
hall be included in the test report.

dimensions of the test specimens are normally those specified in the appropriate test me
erty or properties to be measured after exposure. When the behaviour of;@ specific tyj]
be determined, the article itself should be exposed whenever possible.

e material to be tested is an extrusion- or moulding-grade polymer~in the form of gran
s or some other raw state, specimens to be exposed shall be cut from a sheet produced b
method. The exact shape and dimensions of the specimenswill be determined by the spg
ure used for measurement of the property of interest{_I'he procedures used to mad
idual test specimens from a larger sheet or article may affect the results of the prog

the
test

thod
be of

jules,

y the
cific
hine
erty

measureme
the procedu
been found

nt, and hence the apparent durability of the specimens. For preparation of test specinpens,
res described in ISO 293, ISO 294-1, ISO 294-2 and ISO 294-3, ISO 295 and ISO 3167 have
to be satisfactory.

bm a
y be
The
hally
e for
n of
rger

6.1.4 In spme cases, individual specimens used for property measurement may need to be cut fr
larger specimen which has been exposed. For example, materials that delaminate at the edges m3
exposed in fhe form of larger sheets from whichtindividual test specimens are cut after exposure,
effects of anjy cutting or machining operation on the properties of individual test specimens are us
much largeit when the test specimens are cutfrom a large piece after exposure. This is especially trul
materials that embrittle on exposure. Eollow the procedures described in ISO 2818 for preparatiq
test specimens by machining. Only cuit individual test specimens for property measurement from 13
specimens that have been exposed when this preparation procedure is specifically specified.

hken
men
men

When test §
from an arg
edges. In nc
preparatior].

pecimens are cut\ffem an exposed sheet or larger article, they should preferably be t
a that is at leagt.20 mm from the fixture holding the material or from the exposed speci
circumstances‘shall any material from the exposed face be removed during test speci

ions

6.1.5 When comiparing materials in an exposure test, use test specimens that are similar in dimens
and expose1i area.

6.1.6 Label test and control specimens using markings that will not become illegible during the
exposure and will not affect the measurement of the desired properties.

NOTE Guidance on this is given in Reference [11].

Do not touch the exposed surfaces of specimens or the optical components of the device with the bare
skin because this is likely to transfer oils that may act as UV absorbers or contain contaminants that
affect degradation.
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6.2 Number of test specimens

6.2.1 The number of test specimens for each set of test conditions or each exposure period shall be that
specified in the appropriate test method for the property or properties to be measured after exposure.

For the determination of mechanical properties, it is recommended that the number of test specimens
exposed be twice that required by the relevant International Standard (due to the large standard
deviation known to occur in measuring the mechanical properties of “weathered” materials).

6.2.2 Ifthe test method used for property measurement does not specify the number of test specimens
to beexpo ,' i CCO Sjygeisie atc d it O ceTeplicate—specinre OTt¢td material be
prepared for each exposure stage.

6.2.3 When destructive tests are used to determine the properties being measured, the total number
of tgdst specimens required will be determined by the number of exposure periods used and whether
unexyposed file specimens are tested at the same time as exposed specimens.

6.2.4 Control materials of known durability should preferably be included with each expasure test. It
is recommended that control materials known to have relatively poer and relatively good durability be
used. Before any laboratory to laboratory comparisons are made, iDis necessary for all the interested
part]es to agree on the control materials to be used. The numbet. of specimens of the contfol material
shoyld preferably be the same as that used for test materials.

6.3 | Storage and conditioning

6.3.1 Unless otherwise specified by contract of*by the relevant materials standard, copdition test
spedimens that have been cut or machined fref large pieces in accordance with ISO 291. In some
circymstances, it may be necessary to precondition the sheets prior to cutting or machining|to facilitate
spedimen preparation.

6.3.2 When using tests to characterize the mechanical properties of the materials beihg exposed,
spedimens shall be appropriately. conditioned before all property measurements. Use thg conditions
desdribed in ISO 291, where appropriate. The properties of some plastics are very sensitive [to moisture
content, and the duration of ¢onditioning may need to be longer than that specified in ISO 291, particularly
whefe specimens have beeh exposed to climatic extremes.

6.3.3 File specimens’shall be stored in the dark under normal laboratory conditions, prefefably in one
of thie standard afmospheres given in ISO 291.

6.3.4 Some-materials will change colour during storage in the dark, particularly after exposure. It is
esseptial that colour measurement or visual comparison be carried out as soon as possible after exposure
oncq the exposed surface has dried.

NOTE In some cases, additional evaluation of colour change after a conditioning period such as 24 h will
be very helpful in determining whether the colour is stable after the specimens have been removed from the
exposure chamber.

7 Test conditions and procedure

7.1 Set points for exposure conditions

The conditions and procedures for the artificial accelerated weathering or artificial accelerated
irradiation exposure depend upon the particular method selected. Refer directly to the appropriate part
of ISO 4892 (ISO 4892-2, ISO 4892-3 or ISO 4892-4) or to any other relevant International Standard. For
each exposure test, specific set points for important parameters such as irradiance, temperature and
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humidity are used. Typically, these parameters are measured and controlled at a single position within
the test chamber that is known as the control point. Table 3 lists the maximum allowable deviation
from the set point when the exposure device is operating at equilibrium conditions.

Table 3 — Maximum allowable deviation from exposure condition set points

Set-point parameter from the set point at equilibrium

Maximum allowable deviation of the measurement

Irradiance measured at a single wavelength +0,02 W/(m2-nm)
Irradiance measured over a broad passband +5 W/m?2

(e.g.300 nmto 400 nm)

Irradiance heasured over a wide passband +75 W/m2

(e.g. 300 nmto 800 nm)

Temperaturg of black-standard thermometer +3 °C for set points up to 70 °C

+4 °C for set points greaterthan 70 °C

Temperaturj

e of black-panel thermometer +3 °C for set pointsup to 70 °C

+4 °C for set point$\greater than 70 °C

Temperatur

e of chamber air (when controlled) +3 °C for set(points up to 70 °C

+4 °C for s€t points greater than 70 °C

Relative hur

hidity (when controlled) *10 %

NOTE Thed

efinition of passbands is found in ISO 9370.

NOTE Al
same. It doeg
that control
produce the

7.2 Property measurements on test specimens

7.2.1 Foll
and after e
Internation

7.2.2 Ifn
properties (
measured a|
exposure p4

NOTE T
measuremer]

single-point measurement does not mean conditiehs' throughout the exposure chamber ar
not mean two tests run in similar exposure devices,will produce the same results. Exposure de
temperature only by means of a black-standard/thermometer or black-panel thermometer wi

pbw the procedures describediinISO 4582 for measuring properties of test specimens bg¢
kposure and for expressing the change in properties after exposure. Refer to the relg
hl Standard for the specifi¢ procedures to follow for measuring specimen properties.

bn-destructive tests-are used to measure the properties of the materials being tested|
fthe specimens-shall be measured before beginning the exposure. The same property is
fter each expOsure period. Care shall be taken to make the property measurement after
riod in the'same position on the specimen.

b monitor the response of the instrument used to measure the desired property, one can carry
t ofa reference or calibration specimen each time the test instrument is used.

b the
vices
1 not

kame results as exposure devices that simultaneously or alternatively control the air temperatyre.

rfore
vant

the
then
each

out a

7.2.3

If destructive tests are used to measure the properties of the materials being tested, separate

sets of specimens will be needed for each exposure period. The property is measured on each set of
exposed specimens. 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 specimens. Alternatively, the value of the property after exposure may be compared with
that obtained prior to exposure.

12
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8 Periods 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 of this International Standard will vary with the materials being tested, the material
property being measured and the specific test conditions and cycles that are used.

NOTE In round-robin studiesl[12] conducted by ASTM subcommittee G3.03, the 60° gloss values of replicate
PVC tape specimens exposed in different laboratories using identical exposure devices and exposure cycles
showed significant variability. The variability shown in these round-robin studies restricts the use of “absolute
specifications” such as requiring a specific property level after a specific exposure period.

8.2 | Use of control materials

8.2.1 In most cases, periodic evaluation of test and control specimens is ilec€ssary to ¢valuate the
direg¢tion 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 mafterials. This

method is preferred over evaluating materials after an arbitrary time of-radiant exposure.

8.2.2

Exposure to an arbitrary time or radiant exposure may befused for the purpose of a specific test if

agre
sele

a)

b)

ed upon by all parties or if required for conformance to a spegification. Two criteria are c
ting the single time or radiant exposure used.

When control materials of minimum acceptable performance are used, statistical ang
Fesults after exposure shall show that the test miaterial is equivalent to or better than|
material.

A substantial change in the property of interest shall be produced in the least stable mg

ritical when

lysis of the
the control

terial being

bvaluated.

[
»

NOT
appli

An exposure time that produce$a’significant change in one type of material cannot be agsumed to be

cable to other materials.

8.2.1
matg
anal

B Use appropriate statistical analysis when comparing the results given by test and control
rials. Test and control\niaterials can be considered different when the results of the statistical

ysis are significant tolat least the 90 % confidence level.

n
»

NOT
artif’

Reference-[13] provides information on the use of statistical methods for analysing fesults from

cial accelerated'weathering or artificial accelerated irradiation exposures.

8.3 | Use ofresults in specifications

8.3.1 Cf an International Standard or specification for general use requires a definite prpperty level
after—a specifictime or Tadiant exposure (I alr exposure test congucted 1 accordarnce with any of the
parts of this International Standard, the specified property level shall be based on results obtained in
a round-robin that takes into consideration the variability due to the exposure and the test method
used to measure the property of interest. The round-robin shall be carried out in accordance with the
relevant International Standard for conducting round-robin exposures and shall include a statistically
representative sample of all laboratories or organizations which would normally conduct the exposure

and property measurement.

8.3.2 If an International Standard or specification for use between two or three parties requires
a definite property level after a specific time or radiant exposure in an exposure test conducted in
accordance with any of the parts of this International Standard, the specified property level shall be based
on statistical analysis of results from at least two separate, independent exposures in each laboratory. The
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design of the experiment used to determine the specification shall take into consideration the variability
due to the exposure and the test method used to measure the property of interest.

8.3.3 The round-robin studies cited in 8.1.1 demonstrated that the gloss values for a series of materials
could be ranked with a high level of reproducibility between laboratories. When reproducibility in results
from an exposure test conducted in accordance with any of the parts of this International Standard have
not been established through round-robin testing, performance requirements for materials shall be
specified in terms of comparison (i.e. rank) with a control material. Specimens of the control material
shall be exposed simultaneously with the test specimen(s) in the same device. The specific control
material used shall be agreed upon by the interested parties.

9 Testr
The test rej]

9.1 Speci

a) afull dd

b) the compound details, cure time and temperature, where appropriate;

c)

NOTE If
number. In
description v

a comp

eport

ort shall contain the following information:

men description.

bscription of the specimens and their origin;

ete description of the method used for preparation of the.fest specimens.

exposure tests are conducted by a contracting agency, specimens are usually identified by
uch cases, it is the responsibility of the originating laboradtory to provide the complete spec
vhen reporting the results of the exposure test.

ode-
men

9.2 Descifiption of exposure test conducted in accordanice with ISO 4892-2, ISO 4892-3 or ISO 4892-4,
including thie following:
a) adescr]ption of the exposure device and radiation (light) source, including

1) thetype of device and radiation (light) source,

2) adgpscription of the filters used;

3) if yequired, the irradiance-at the specimen surface (including the passband in which the
radiation was measured),

4) thg number of hout's’that the filters and the radiation (light) source had been used pri¢r to
beginning the eXposure;

b) the typle of black and/or white temperature sensor used and the exact position of the sensof if it
was nof located in the test specimen exposure area;

c) ifrequiféd)the type of instrument used to measure the humidity;

d) a complete description of the exposure cycle used, including the following information for each
light and dark period:

1) the set point for the black- and/or white-panel temperature sensor used and the maximum
allowable deviation from the set point if different from that in Table 1,

2) the set point for the relative humidity and the maximum allowable deviation from the set point
if different from that in Table 1,

3) fortests which include a water spray period, report the duration of the water spray and whether
the water was sprayed on the exposed face, the back or both surfaces of the specimens (if the
total solids of the water used for the spray was greater than 1 pg/g, report the total solids and
the silica content),
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e)

f)
g)
9.3

a)
b)

9.4
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4) for tests where water is condensed on the specimens, report the set point for the |
condensation period,

5) thelength of each light and dark period;

a description of the method used to mount the specimens in the exposure frame,
description of any material used as backing for the test specimens;

the procedure for test specimen repositioning, if used;

a description of the radiometer used for measuring the radiant exposure, if used.

ength of the

including a

Test results.
A complete description of the test procedure used for measurement of any properties r
Che results, presented in accordance with ISO 4582, and including the follpving:
1) the results from property measurements on the test specimens;
D) the results from property measurements on control specimens;

B) the results from property measurements on unexposed file-specimens, if determin

passband in which it was measured).

The date(s) of the exposure test.

bported.

bd;

1) the exposure period (either the time, in hours, or’the radiant exposure, in ]J-n1-2, and the

© ISO 2016 - All rights reserved
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Annex A
(normative)

Procedures for measuring the irradiance uniformity in the
specimen exposure area

A.1 This gannex is normative for manufacturers of devices that expose materials to laboratory. [light
sources.

A.2 Indeyices that use a rack to hold the specimens and rotate them around a radiation source [shown
at the centre of Figures A.1 a) and b)], measure the irradiance at a position in the specimen rack|that
is closest tq the radiation source (position A in Figure A.1) and at two positions within the specimen
rack that arje farthest from the radiation source (position B in Figure A.1). Measurements made wjith a
radiometer [that is placed on the rack as it rotates around the radiation source will'give the most realistic
indication df irradiance uniformity. The relationship between the irradiancetat*position B relative t¢ the
irradiance gt position A shall be as follows:

Eg>0,7Ea A1)

B B B B
)
A A
B

/

a) Flat specimen rack b) Canted specimen rack

Figure A-

A.3 In devices where specimens are positioned in a flat plane in front of a radiation source, measure
the irradiance at a position in the specimen plane that is closest to the radiation source (position X in
Figure A.2) and in two 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 as follows:

Ey=0,7Ex (A.2)
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Y

Y Y

a) Flat specimen plane with fluorescent lamps b) Flat specimen plane with multiy

sources

)e point

Y Y

c) Flat specimen plane with multiple line sources

Figure A.2 — Determining irradiance unifermity in devices using a flat specimen plane

A4
expq
the
be ul
posi
thes
four
of fl:
mor
mea

entre of the
| the centre,
liance shall

ce at other
}neasured at
ied, at least
the corners

burces). For
e than four

If the design of the device is such thatthe maximum irradiance may not be at the c
sure area or such that the minimuni irradiance may not be at the position farthest fronj
hctual maximum irradiance shall pe used for Ep or Ex and the actual minimum irra
sed for Eg or Ey in Formulae (A.1) and (A.2). Additional measurements of the irradia
fions within the exposure afea may also be made. In all cases, however, the irradiance
e positions shall be at least' 70 % of the maximum irradiance. Unless otherwise speci
measurements shall be made at the periphery of the proposed exposure area (e.g. near
it specimen planescwhere fluorescent lamps or line sources are used as the radiation s
e precise definitionvof the allowed exposure area, where Ex = Ey or Eg = Ej, many mol
urements neat the periphery of the exposure area will be necessary.

A.5 | As an dlternative to irradiance measurements, the uniformity of the irradiance may be [determined

by ul
moiy

se of.reférence materials if the ageing of these materials is independent of the effect
ture or if the effects of heat and moisture are known. The change in the characteristic

5 of heat or
property of

the 1

eference material shall be a known function of the radiant exposure (preferably linear)

and should

preferably not show an induction time with little change in the property as a function of radiant exposure.
Figure A.3 is a typical plot showing the characteristic property of reference materials as a function of
radiant exposure or exposure time. The preferred reference material is that 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 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 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 reference material at positions farthest from the
centre shall be at least 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 reference materials because
differences in property change between 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
120

100—&3—&—;&-& =

80 x

60 »

40

20 Ll

0 5 10 15 20 25

o |

Key
X  radiant ¢xposure or exposure time (arbitrary units)

Y charactgristic property (arbitrary units)

Figure A3 — Typical behaviour of the ¢haracteristic property as a function of exposure for a
reference material showing linear change (square symbols), for a reference material showjng
an inductipn time before the property starts to change (triangular symbols) and for a refer¢nce
material showing a period of linear change (empty circles) followed by a region of non-lingar
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
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exposures and actual-use exposures

Differences between the spectral distribution of the laboratory light
that of solar radiation

ter-than-normal wavelengths are sometimes used to obtain faster, failure rates

erated weathering or artificial accelerated irradiation exposures. For etitdoor exposu
br short-wavelength UV radiation is generally considered to be about 300 nm. Expo{
htion of wavelengths less than 300 nm may produce degradation reactions that do not
material is used outdoors. If a laboratory light source used in an‘artificial accelerated
radiation exposure produces UV radiation of wavelengths: shorter than that found in
ronditions, the mechanism of degradation and the stabilitj#ranking of the materials te
hatically different in the accelerated test.

Hiation in a specific region of the spectrum is known to produce the type of degradatioj
rum. However, laboratory light sources that have a very strong emission in a narrow b

s that may be very important. This type,of radiation source may also not produce cha
posures to solar radiation. Exposures to radiation sources which only produce UV ra
produce the colour fade caused by ¥isible radiation and may cause polymer yellowing {
ounced than that produced in eXposures to solar radiation.

]

dliance levels higher than those experienced in mean actual-use conditions are typic
sures to laboratory-light sources in order to accelerate degradation. There are two m|
the use of abnormally high irradiance can change the mechanism of material degradat
e conditions fotnd in an actual-use environment (polymers show a broad range of r
zliance[ﬂl and these differences can alter the stability ranking of materials when r
i

cially accelerated tests are compared with those from in-service exposures).
n-exterior exposures, polymers in an excited state caused by absorption of a high-eng¢

source

n artificial
res, the cut-
ures to UV
occur when
weathering
the actual-
sted can be

h of interest
the entire
hnd relative
relative to
hges caused
Hiation may
hat is more

Irradiance levels higher than those experienced in actual-use conditions

hlly used in
Qin reasons
ion relative
psponses to
psults from

ergy photon

will typically decay to the ground state before absorbing another high-energy photo

. However,

in exposures to laboratory light sources producing an abnormally high radiation flux,

the rate of

photon absorption is so high that the material will often absorb a high-energy photon when it is

still in an excited state.[13]

Freeradicalsare often formed in materials exposed to UV radiation. Reactionsleading to degradation

occur when the free radicals interact with the material. Free radicals can also reco
other free radicals in reactions that do not lead to degradation. The high concentra

mbine with
tion 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

irradiance.[16]

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.[1Z] This can produce differences in the mechanism of degradation reactions and may
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