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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex
assessmen
to Trade (1

The comm
General tes

This first e
has been t
replaces IS

ISO 16474
exposure td

— Part1:
Part 2:
Part 3:

Part 4:

s drawn to the possibility that some of the elements of this document may, be the subjeg
ts. ISO shall not be held responsible for identifying any or all such pateityrights. Detai
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received. www.iso.org/patents

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to conforn
[, as well as information about ISO’s adherence to the WTO principles in the Technical Barn
BT) see the following URL: Foreword - Supplementary information

ttee responsible for this document is ISO/TC:35, Paints and varnishes, Subcommittee S
t methods for paints and varnishes.

echnically revised. This first editioméf [SO 16474-1, together with ISO 16474-3, cancels
0 11507:2007, which has been technically revised.

consists of the following paxts; under the general title Paints and varnishes — Method
laboratory light sources:

General guidance
Xenon-arc lamps
Fluorescent OV\lamps

Open-flgme carbon-arc lamps

are
the
the

t of
s of
| /or

not

hity
iers

C 9,

dition of ISO 16474-1, together with ISQ. 16474-2, cancels and replaces SO 11341:2004, which

and

s of

© ISO 2013 - All rights rese

rved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=7ef96c314c5cdb477b6f8dc37d385e1d

ISO 16474-1:2013(E)

Introduction

Coatings from paints, varnishes and similar materials are often used outdoors or in indoor locations
where they are exposed to solar radiation or to solar radiation behind glass for long periods. Itis therefore
very important to determine the effects of solar radiation, heat, moisture and other climatic stresses on
the colour and other properties of polymers. Outdoor exposures to solar radiation and to solar radiation
filtered by window glass are described in ISO 2810[2]. However, it is often necessary to determine more
rapidly the effects of light, heat and moisture on the physical, chemical and optical properties of coatings
with art1f1c1al accelerated weatherlng or artificial accelerated irradiation exposures that use specific
laborato ] inder more controlled
confitions than found in natural env1ronments and are 1ntended to accelerate polymeridegradation
product failures. Relating results from accelerated weathering or artificial accelerated firradiation
expsures to those obtained in actual-use conditions is difficult because of variabilify in both types of
exppsure and because laboratory tests often do not reproduce all the exposure stresses ekperienced
by ¢oatings exposed in actual-use conditions. In addition, the increase in rate of degradation by the
accglerated test compared with natural exposure conditions varies with thetype of matefial and its
formulation. No single laboratory exposure test can be specified as a total’'simulation offactual-use
exppsures. The relative durability of materials in actual-use exposures ¢an be very different{depending
on the location of the exposure because of differences in solar radiation) time of wetness, temperature,
utants and other factors. Therefore, even if results from specificaccelerated weathering ¢r artificial
accglerated irradiation exposures are found to be useful for’comparing the relative dyrability of
materials exposed in a particular outdoor location or in particular actual-use conditiong, it cannot
be assumed that they will be useful for determining the relative durability of materials ejposed in a
diffprent outdoor location or in different actual-use conditions.

© IS0 2013 - All rights reserved v
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General guidance
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Scope

This part of ISO 16474 provides information and general guidance relevant'to the se
ration of the methods of exposure described in detail in subsequent partsitlt-also descril
formance requirements for devices used for exposing paints and varnishesfo laboratory lig
rmation about such performance requirements is provided for producers of artificial
thering or artificial accelerated irradiation devices.

This part of ISO 16474 also provides information on thé interpretation of data fro
blerated weathering or artificial accelerated irradiation exposures.

Normative references

following documents, in whole or in part, are ‘niormatively referenced in this docume

1513, Paints and varnishes — Examingtion and preparation of test samples
1514, Paints and varnishes — Stdndard panels for testing
2808, Paints and varnishes <=\Petermination of film thickness

3270, Paints and varnishés and their raw materials — Temperatures and humidities for ¢
testing

4618, Paints andvarnishes — Terms and definitions

9370, Plasti¢s — Instrumental determination of radiant exposure in weathering tests
fance and basic test method

15528;-Paints, varnishes and raw materials for paints and varnishes — Sampling

ection and
bes general
ht sources.
hccelerated

m artificial

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced'document (including any amendments) appligs.

wn

pnditioning

— General

ISO

1 6474_')’ Paintsandvarnishes — Methods nfpvpncurn ta Inhnrnf—nry ]ighf' sources— Part2: Xen

-arc lamps

ISO

16474-3, Paints and varnishes — Methods of exposure to laboratory light sources

Fluorescent UV lamps

— Part 3:

ISO 16474-4, Paints and varnishes — Methods of exposure to laboratory light sources — Part 4: Open-flame
carbon-arc lamps

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4618 and the following apply.
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31

artificial accelerated irradiation

exposure of a material to a laboratory radiation source intended to simulate window-glass-filtered solar
radiation or radiation from interior lighting sources and where specimens are subjected to relatively
small changes in temperature and relative humidity in an attempt to produce more rapidly the same

changes that occur when the material is used in an indoor environment

Note 1 to entry: These exposures are commonly referred to as fading or light fastness tests.

3.2

artificial accelerated weathering

exposure of amaterial inalaboratory weathering device to conditions which may be cyclic and intensi

compared

Note 1 to eq
and/or wat
occur in lon|

Note 2 to €
weathering

with those encountered in outdoor or in-service exposure

try: This involves a laboratory radiation source, heat and moisture (in the form of relativeé humi
b1 spray, condensation or immersion) in an attempt to produce more rapidly the same changes
p-term outdoor exposure.

ntry: The device may include means for control and/or monitoring of the light source and o
parameters. It may also include exposure to special conditions, such as acid spray to simulate

effect of industrial gases.

3.3
control m

hterial

material which is of similar composition and construction to the test material and which is expose

the same tj

Note 1 to enf
being used i

3.4

me for comparison with the test material

ry: An example of the use of a control material would be v#hen a formulation different from one curre
5 being evaluated. In that case, the control would be the coating made with the original formulatio

file specimen

portion of

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

used for comparison between the exposed and unexposed states

3.5
reference
material of

3.6
reference
portion of

material
known performance

Sspecimen
he reference material that is to be exposed

4 Pringiple

41 Gen

bral

fied

dity
that

ther
the

d at

ntly

h is

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
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 paint or
varnish 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.

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=7ef96c314c5cdb477b6f8dc37d385e1d

ISO 16474-1:2013(E)

4.2.2 Nolaboratory 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 very different in different
locations because of differences in solar 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 this International Standard 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 same materials in a different environment.

4.2

relating

acce
invg

a)

b)

NO
basq

exp
and

4.2
test
can

a)
b)

)

d)

3 Eventhoughitis very tempting, itis invalid to assign to all materials a “general accelerd
“x” hours or megajoules of radiant exposure in an artificial accelerated weathering
tlerated irradiation exposure to “y” months or years of actual exposure. Such acceleration

lid for the following reasons:

acceleration factors are material-dependent and can be significantly differént for each m
for different formulations of the same material;

variability in the rate of degradation in both actual-use and-attificial accelerated 1
or artificial accelerated irradiation exposures can have a significant effect on the
acceleration factor;

acceleration factors calculated based on the ratio of irradiance between a laboratory light
solar radiation (even when identical pass-bands are,used) do not take into consideration
of temperature, moisture and differences in spectral power distribution between the
light source and solar radiation.

Lion factor”
br artificial
factors are

aterial and

veathering
calculated

source and
the effects
laboratory

E Acceleration factors determined for a spe€ific formulation of a material are valid, but on

bsure can be analysed using statistical methods. An example of a statistical analysis using multipl
actual exposures to calculate an accelération factor is described by J.A. Simmsl1].

4 There are a number of fagtors that might decrease the degree of correlation between
s using laboratory light sources and exterior exposures (more specific information on how
alter the stability ranking;of materials is given in Annex B):

differences in the §pectral irradiance of the laboratory light source and solar radiation;
irradiance levelshigher than those experienced in actual-use conditions;

exposure.gycles that use continuous exposure to light from a laboratory light source w
dark périods;

speeimen temperatures higher than those in actual conditions;

if they are

1
bd on data from a sufficient number of separate-outdoor or indoor environmental tests and artificia{;lccelerated
wedthering or artificial accelerated irradiation(exposures so that results used to relate times to fai

ure in each
b laboratory

hccelerated
each factor

fithout any

e)

)

g)
h)

exposure conditions that produce unrealistic temperature differences between light-
coloured specimens;

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

unrealistic levels of moisture in the accelerated test compared to actual-use conditions;

the absence of biological agents, pollutants or acidic precipitation or condensation.

© IS0 2013 - 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 exposures
conducted in accordance with any of the parts of this International Standard are best used to compare the
relative performance of materials. Comparisons between materials can only be made when the materials
are tested at the same time 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 batches does not vary from that of a control of known performance.

4.3.1.1 Itis strongly recommended that at least one control be exposed with each test for the purpose
of comparipg the performance of the test materials to that of the control. The control material should be
of similar domposition and construction and be chosen so that its failure modes are the same)as that of
the materigl being tested. It is preferable to use two controls, one with relatively good durability and|one
with relatiyely poor durability.

4.3.1.2 Spfficient replicates of each control and each test material being evaluated are necessarf in
order to allow statistical evaluation of the results. Unless otherwise specified, use a minimum of three
replicates for all test and control materials. When material properties are, mgasured using destrudtive
tests, a sepprate set of specimens is needed for each exposure period.

4.3.2 In gome specification tests, test materials are exposed at the saime time as a weathering refergnce
material (€.g. blue wool test fabric). The property or properties of\the test material are measured dfter
a defined groperty of the reference material reaches a specifiedlevel. If the reference material diffefs in
compositign from the test material, it might not be sensitivelo exposure stresses that produce faijure
in the test material or it might be very sensitive to an exposure stress that has very little effect on|the
test material. The variability in results for the reference-material might be very different from that for
the test mdterial. All these differences between the reference material and the test material can produce
misleading| results when the reference material isused as a control or to determine the length of|the
exposure period.

NOTE 1

a
o

efinitions of control and reference materials thatare appropriate to weathering testsare given in Clayl

NOTE 2 eatheringreference materials.¢an also be used to monitor the consistency of the operating conditjons
in an exposjure test. Information about.the selection and characterization of reference materials used for [this
purpose can be found in ASTM G 156[2]. ISO/TR 19032[3] describes a procedure which uses the change in| the
carbonyl inflex of a specific polyethylene weathering reference material to monitor conditions in both natjural
weatheringland artificial accelerated weathering exposures.

4.3.3 In $ome specifi€ation tests, properties of test specimens are evaluated after a specific expogure
time or radjant expaosure using a test cycle with a prescribed set of conditions. Results from any accelerated
exposure t¢st conducted in accordance with any of the parts of this International Standard should noft be
used to make a “pass/fail” decision for materials, based on the level of a specific property after a spefific
exposure tinme, or radiant exposure, unless the combined reproducibility of the effects of a particpilar

1 | 4 rS £l o d 1 L ralbliclad
eXpOSure C CIiv d1iivu l.ll UPCA l._y ITICASUT CITITIIU ITICUITUU 1TIdS UTUIT COULAdUIIOSTICU.

5 Requirements for laboratory exposure devices

Laboratory exposure devices shall be equipped with facilities to provide specimens with irradiance
(5.1), temperature (5.2), humidity and wetting (5.3).

5.1 Irradiance

5.1.1 Laboratory light sources are used to provide irradiance for the test specimens. In ISO 16474-2 a
xenon-arc lamp is used to provide the irradiance for the specimens, in ISO 16474-3 a fluorescent UV lamp,
and in ISO 16474-4 an open-flame carbon-arc lamp.

4 © IS0 2013 - All rights reserved
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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 light source.

NOTE The spectral irradiance produced in an artificial accelerated weathering device is very important.
Ideally, the relative spectral irradiance produced by the device should be a very close match to that of solar
radiation, especially in the short-wavelength UV region. Annex C provides information about a benchmark solar
spectrum that can be used for comparing the spectral irradiance produced in the artificial accelerated exposure
to that for solar radiation. Subsequent parts of this International Standard contain specific requirements for the
relative spectral irradiance produced in the devices described in those parts.

5.1.3 Exposure devices shall be designed such that the irradiance at any location in the area used for
spefimen exposures is at least 70 % of the maximum irradiance measured in this area. Progedures for
megsuring irradiance uniformity by the device manufacturers are given in Annex A.

NOTI
can
typ¢
mar

E The irradiance uniformity in exposure devices depends on several factors, such as dgposits that
develop on the optical system and chamber walls. In addition, irradiance uniformjty.can be aff¢cted by the

of specimen and the number of specimens being exposed. The irradiance uniformity as guaranteed by the
ufacturer is valid for new equipment and well-defined measuring conditions.

5.1
goo
per
isb
red

NOTI

4 Depending on the specific sensitivity of the material periodic gepositioning of the sy
d practice in order to be sure that the variability in exposure stresses-experienced during th
od is kept to the minimum. If the irradiance at any position in the area used for specime
etween 70 % and 90 % of the maximum irradiance, specimens shall be periodically repd
ice the variability in radiant exposure.

E Random placement of replicate specimens is also‘geod practice to reduce the effect of an

in the conditions within the exposure area.

5.1
of 14

5.1
the
the

5.1
sur
cali

5.1
a rq
the
intd

5 Follow the device manufacturer’s instrugtions for lamp and filter replacement and for
imps and/or filters.

6 A radiometer that complies with-the requirements outlined in ISO 9370 may be used
irradiance E or spectral irradiance\E) and the radiant exposure H or spectral radiant exp
plane of the specimen surface.

6.1 If used, the radiometer shall be mounted so that it receives the same radiation as th

prated for irradiance-at the specimen distance.

6.2 The field\radiometer shall be calibrated in the emission region of the light sourcs
ference radiometer. The radiometer shall be calibrated using a light source filter com
same type)that will be used for testing or an appropriate spectral mismatch factor has
account. The calibration shall be checked in accordance with the radiation measuring

ecimens is
e exposure
h exposure
sitioned to

y variability

pre-ageing

Lo measure
bsure Hj in

P specimen

ace. If it is not positioned’in the specimen plane, it shall have a sufficiently wide field of viiew and be

used with
bination of
been taken
nstrument

matllufacturer’s instructions.

For fluorescent UV Tamps, it has been shown that the field radiometers have to be calibrated with lamps
that have a spectral power distribution which is identical to that of the lamps that will be used for testing.

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

5.1.6.3 When measured, the irradiance in the wavelength range agreed upon by all interested parties
shall be reported. 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 pass-band that is centred around a single
wavelength (e.g. 340 nm).

© IS0 2013 - All rights reserved
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5.2 Temperature

5.2.1 The surface temperature of exposed materials depends primarily on the amount of radiation
absorbed, the emissivity of the specimen, the amount of thermal conduction within the specimen and
the amount of heat transmission between the specimen and the air or between the specimen and the
specimen holder. Since it is not practical to monitor the surface temperature of individual test specimens,
a specified black surface sensor is used to measure and control the temperature within the exposure
chamber. The black surface temperature sensor shall be mounted within the specimen exposure area so
that it receives the same radiation and experiences the same cooling conditions as a flat test panel surface.

5.2.2 Twjo types of black surface temperature sensor may be used: a black-standard thermometer{H
and a blacK-panel thermometer (BPT).

ST)

5.2.2.1 Black-standard thermometers, consisting of a plane (flat) stainless-steel plate with'a thickmess
of 0,5 mm to 1,2 mm. A typical length and width is about 70 mm by 40 mm. The surface of this plate faging
the light sdqurce 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 elenjent
such as a platinum resistance sensor shall be attached to the centre of the platein good thermal conjtact
with the plate, on the side opposite the radiation source. This side of the metalplate shall be attached|to a
5 mm thicl baseplate made of unfilled poly(vinylidene fluoride) fluoride (PV.DF). A small space sufficjent
to hold the| platinum resistance sensor shall be machined in the PVDF baseplate. The distance between
the sensor|and this recess in the PVDF plate shall be about 1 mm,-The length and width of the PYDF
plate shall pe 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 insulgted
black pane| shall be at least 4 mm from the edges of the metal plate. Black-standard thermometers which
differ in cgnstruction from that specified above are permitted as long as the temperature indicated by
the alterndtive construction is within + 1,0 °C of that of‘the specified construction at all steady-state
temperatufe and irradiance settings the exposure devi€e is capable of attaining. In addition, the time

needed for
the time n¢

NOTE

5.2.2.2 Black-panel thermometers, cansisting of a plane (flat) metal plate that is resistant to corros

Typical din
faces the li
black plate
shall be fir
black-coate

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

an alternative black-standard thermometer to reach the steady-state shall be within 10 9
eded for the specified black-standard thermometer to reach the steady-state.

iensions are about 150 mm'long, 70 mm wide and 1 mm thick. The surface of this plate
bht source shall be coated with a black layer which has good resistance to ageing. The co:

mly attached to the'centre of the exposed surface. This thermally sensitive element may
d stem-type bimetallic dial sensor, a resistance-based sensor, a thermistor or a thermocoy

o of

ion.
that
ited

shall reflect no moréthan 10 % of all incident flux up to 2 500 nm. A thermally sensitive elenjent

be a
ple.

The back slde of the metal panel shall be open to the atmosphere.

NOTE 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 thermomgter
designs described above. If other means are used to measure the temperature of black or white panels,
the exact 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 depends on the
irradiance produced by the laboratory light source and the temperature and speed of the air moving in the
exposure chamber. Black-panel temperatures generally correspond to those for dark coatings on metal
panels without thermal insulation on the rear side. Black-standard thermometer temperatures generally
correspond to those for the exposed surface of dark samples with poor thermal conductivity. At conditions
used in typical exposures, the temperature indicated by a black-standard thermometer will be 3 °Cto 12 °C
higher than that indicated by a black-panel thermometer. The actual difference between a black-panel
temperature and a temperature measured with a black-standard thermometer should, however, preferably
be determined for each exposure condition. Because black-standard thermometers are insulated, their
response time for temperature changes is slightly slower than for a black-panel thermometer.

6 © IS0 2013 - All rights reserved
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5.2.4 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 radiation are used, there will generally be only very small differences in the
temperatures indicated by the two types of black panel or between light- and dark-coloured specimens.

5.2.5 In order to evaluate the range of surface temperatures of the exposed specimens and to better
control theirradiance or the conditionsin 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
age[ng. The reilectance ol the white coating shall be at least 60U % between 450 nm and 300 nm and at
leadt 30 % between 800 nm and 1 500 nm.

5.2/6 Manufacturers of exposure devices shall ensure that devices designed to meet the requirements
of this part of ISO 16474 are able to meet the following requirements for controlef the temperature of
the plack or white temperature sensor at the position where it is intended to operate (see Table 1). These
reqpirements apply to equilibrium conditions.

Taple 1 — Requirements for set-point temperature of the black ef-white temperature|sensor at
the position where it is intended to pperate

Allowable deviation of the sensor temp¢rature at
the position in which sensor operates

<70°C +3°C
>70°C 4 °C

Set-point temperature

5.2]7 Manufacturers of exposure devices shallensure that devices designed to meet the requirements
of this part of ISO 16474 are able to meet the following requirements for control of the tempg¢rature of a
blagk or white temperature sensor at any pesition within the allowed exposure area (see Table 2). These
reqpirements apply to equilibrium conditions.

Tabple 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 feyperature when sensor placed anywhere in the exppsure area

£70°C +5°C
>70°C +7°C
NOTE Forsome materials, differences in the degradation rate can occur between devices operating within the

alloableitemperature ranges. Periodic repositioning of specimens or random positioning of replicatf specimens
during‘exposure will reduce the variability caused by differences in temperature within the exposurfe area.

5.2.8 The test report shall indicate whether a black-standard or black-panel thermometer was used
and whether a white-standard or white panel thermometer was used.

NOTE Differenttemperatures may be indicated by a single type of black-standard or black-panel thermometer,
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 shall be
shielded from the light source and water spray. The chamber air temperature measured at this position
might not be the same as the chamber air temperature near the surface of the exposed specimens.
Manufacturers of devices that control chamber air temperature shall ensure that their equipment is able
to maintain the measured chamber air temperature within + 3 °C of the set point under equilibrium
conditions for set points up to 70 °C and within * 4 °C of the set point for set points greater than 70 °C.
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5.2.10 Calibrate the temperature sensor used to measure the chamber air temperature in accordance
with the sensor manufacturer’s instructions at least annually.

5.3 Humidity and wetting

5.3.1 Moisture

The presence of moisture on the exposed face of the specimen, particularly long wet periods and the
cyclic change between wet and dry periods, might have a significant effect in accelerated laboratory
exposure tests. Any device operated in accordance with any of the parts of this International Standard

which atte
using one (

a)
b)
‘)
d)

humid
format
water

immer]
5.3.2 W4

5.3.2.1 V

The purity
to remove
spots or sf
specimen S
of 0,2 ug/g
produce w|
of solids cd
specimen

purity reqiiirements listed above.

53.2.2 |
The purity

Therefore,
dissolved s

5.3.3 Co

If specimel

mpts to simulate the effects of moisture shall have means for providing moisture to specin
r more of the following methods:

fication of the chamber air;
ion of condensation;
Spray;

sion.
ter purity

yater purity for xenon lamp and carbon arc instruments

Cations, anions, organic compounds and, in particular, silica, exposed specimens will dev
ains that do not occur in exterior exposures= Unless otherwise specified, water used
pray shall contain a maximum solids contentéf 1 pg/g of water and a maximum silica con
of water. Distillation, or a combination, ef deionization and reverse osmosis, can effecti
hter of the desired purity. If the waterused for specimen spray contains more than 1
ntent, the solids and silica contentdevels shall be reported. Recirculation of water used
pray is not recommended and (shall not be done unless the recirculated water meets

yater purity for UV flugrescent lamp instruments

the test panels shall be sprayed using water that has been purified so as to have < 2,0
olids contentand < 0,5 pg/g suspended silica content.

ntamination

1s atelfound to have deposits or stains after exposure, the water purity shall be checke

determine

whether it meets the purity requirements specified in 5.3.2. On some occasions, expd

ens

of the water used for spraying the specimens is very important. Without proper treatnpent

lop
for
[ent
Uely
8/8
for
the

of the water usedfor spraying for UV fluorescent lamps is not as critical as for xefon.

g/g

] to
sed

specimens

can be contaminated by deposits from bacteria that can grow in the purified water used

for

specimen spray. If bacterial contamination is detected, the entire system used for specimen water spray
shall be flushed with a chlorinating solution such as sodium hypochlorite and thoroughly rinsed prior
to resuming exposures.

5.3.4 Silica content

Although conductivity does not always correlate with silica content, it is recommended that the
conductivity of the water used for specimen spray be continuously monitored and that exposures be
stopped whenever the conductivity is above 5 pS/cm.
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5 Fabrication of the components

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 could absorb UV radiation or form unrealistic

dep

5.3.

osits on test specimens.

6 Humidity

In devices where the humidity within the exposure chamber is controlled, sensors used to measure

humidity shall be placed within the chamber air-flow and shielded from direct radiation and water
Spray. When hnmidify is controlled the measured relative hnmidify shall be maintained within + 10 %

oft

Thd

manufacturer’s instructions.

5.3

Any
top

5.4

5.4

follpwing requirements.

5.4
con

54
con
con
and
may

5.4
tor

he set point humidity.

humidity sensors shall be calibrated at least annually in accordance with thé jexpos

7 Wetting

device thatintroduces periods of wetting of the exposed specimens byyany method shall |
rogramme the periods with and without wetting.

Other requirements for the exposure device

1 Although various designs of exposure device arexised in practice, each device sha

1.1 Any device intended to simulate the effects of light and dark cycles shall have ar
froller or mechanical device to programme-périods with or without light.

1.2 Manufacturers shall ensure that-devices that provide periods during which th
ditions are different have means to(time each period. The length of each exposure peri
frolled to within = 10 % of the shortest period used. It is desirable to use timers that are
have as high a repeatability as possible. Optionally, a means to record the length of each
r also be provided.

2 To fulfil the requitements of particular test procedures, the device might need to pro
boister or record thiefollowing operating parameters:

the line voltage;
the lamp-wattage;

the lanip current;

ure device

ave means

I meet the

electronic

h

exposure
pd shall be
Qs accurate
test period

V/ide means

the spectral irradiance (or the integrated spectral irradiance) within the passband us

ed and the

6

6.1

radiant exposure.

Test specimens — Preparation, replicates, storage and conditioning

Handling of test specimens

The handling of the test specimens can have a significant impact on the usability of the test result.

6.2

Form, shape, preparation

6.2.1 Form, shape and preparation of test panels have a significant impact on the durability.
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6.2.2 The methodsused for the preparation of test panels can have a significantimpact on their apparent
durability. Therefore, the method used for test panel preparation shall be agreed upon by the interested
parties. It should preferably be closely related to the method normally used to process the material in
typical applications. A complete description of the method used for the preparation of test specimens
shall be included in the test report.

6.2.3 The substrate used for the preparation of the test panels shall be that usually used in practice (e.g.
plasterboard, wood, metal, plastics materials) and the method of application and drying of the coating
shall be that normally used in practice to give a coating of the usual thickness.

Unless otherwiseagreedorspecified; stamrdardpanetsconforming totherequirenrentsof 156-15t4shall

be used assubstrate for the test coating.

NOTE Freferably, flat test panels of dimensions appropriate to the holders in the test chamber should be used.

6.2.4 Unless otherwise agreed, only the front sides of the test panels shall be coated with the matgrial
or coating pystem to be tested. The rear sides and edges of the test panels shall be €oated, if necesdary,
with a coatfing suitable to protect the substrate from deterioration during the period-of the test.

6.2.5 Stoving paints shall be dried under the same conditions as laid dewn for their normal usg. In
the case of{air-drying paints, the coated test panels shall be stored horizontally and allowed to dryfat a
temperatufe of (23 + 2) °C and a relative humidity of (50 + 5) %, in aceordance with the requirements of
ISO 3270. The duration of drying and subsequent storage shall be as(spécified.

6.2.6 Alljthe test panels shall be permanently marked in a suitable way. The thickness of the test coafing
shall be defermined in accordance with ISO 2808.

6.3 Number of test specimens

In the casq of testing carried out over a series, of-different test periods, an adequate number of fest
panels shall be prepared for each coating material.

6.3.1 Ifthe test method used for property measurement does not specify the number of test specinfens
to be exposed, it is recommended that*a minimum of three replicate specimens of each materia] be
prepared for each exposure stage.

6.3.2 Comtrol materials of known durability should preferably be included with each exposure tegt. It
is recommended that contralmaterials known to have relatively poor and relatively good durability be
used. Before any laboratory to laboratory comparisons are made, it is necessary for all the interested
parties to ggree on the~control materials to be used. The number of specimens of the control matgrial
should preferably be.the same as that used for test materials.

6.4 Storpge and conditioning

6.4.1 If required, at least one additional test panel for each coating shall be prepared and stored at a
temperature of 18 °C to 28 °C in the dark for use as a file specimen.

NOTE Such coated panels can change their properties during storage.

6.4.2 Coatings such as alkyd paints which are sensitive to storage in the dark shall be stored under
conditions agreed between the interested parties.

6.4.3 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
once the exposed surface has dried.
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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
parf (ISO 16474-2 or ISO 16474-3) of this International Standard or to any other relevant standard. For
each exposure test, specific set points for important parameters such as irradiance, tempegrature and
humidity are used. Typically, these parameters are measured and controlled at a single position within
thetest chamber that is known as the control point. Table 3 lists the maximum allowable devjation from
the[set point when the exposure device is operating at equilibrium conditions.

Table 3 — Maximum allowable deviation from exposure condition set pointg

. Maximum allowablé deviation of the measurement
Set-point parameter . .
from the set point at equilibrium

rradiance measured at a single wavelengtha +0,02 W/(m?2 - nm)
rradiance measured over a broad passbanda +5 W/m?
[rradiance measured over a wide passbanda +75 W/m2

+3 °C for set points up to 70 °(
[emperature of black-standard thermometer _
+4 °C for set points greater than 70 °C

+3 °C for set points up to 70 °(

Temperature of black-panel thermometer _
+4 °C for set points greater than 70 °C

+3 °C for set points up to 70 °(

—

emperature of chamber air (when/controlled) 4°C§ ¢ point ter than 70 °C
+4 °C for set points greater than 70 °

Relative humidity (wlien*controlled) 10 %

Full width at half maximum (FWHM), nm —
a  |Terms see ISO 9370.

NOTE Asinglespoint measurement does not mean conditions throughout the exposure chamber afre the same.
It dges not mean.two tests run in similar exposure devices will produce the same results. Exposure fevices that
confrol tempetature by means of a black-standard thermometer or black-panel thermometer will notjproduce the
samfe results-as exposure devices that control the air temperature.

7.2 “Property measurements on test specimens

7.2.1 It shall be agreed between the interested parties which properties of the coating shall be
determined prior to, during and after the exposure, using the appropriate standards.

NOTE Suitable methods include those given in ISO 2813, ISO 3668, ISO 11664-4, ISO 4628-1 to ISO 4628-8
and ISO 4628-10.

7.2.2 Forintermediate examinations, the test panels shall notbe washed or polished, unless agreed between
the interested parties. For the final examination of the coating, it shall be agreed between the interested parties
whether the surface on which the determination is made shall be unwashed, washed or polished.
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7.2.3 The individual values of the properties determined shall be presented in such a way that the
intermediate results and progressive changes in properties can be clearly seen. If required, the results
shall also be presented in the form of a comparison with the values of the properties of unexposed file
specimens or control specimens exposed at the same time. For multi-stage tests, the results of intermediate
examinations and those of the final examination shall be presented in the form of tables, or graphically, as
a function of the radiant exposure.

8 Periods of exposure and evaluation of test results

8.1 Generat

The repeatability and reproducibility of results obtained in exposures conducted in accorddnce with
any of the parts of this International Standard will vary with the materials being tested, ,the/matdrial
property being measured and the specific test conditions and cycles that are used.

8.2 Sampling

Take a representative sample of the product to be tested (or of each product in‘the case of a multi-¢oat
system), ad described in ISO 15528.

Examine and prepare each sample for testing, as described in ISO 1513

8.3 Det¢rmination of changes in properties after exposure

If required, these shall be determined as specified in ISQ,2813[10], ISO 3668[11], ISO 4628-1f12],
ISO 46282[13], ISO 4628-3[14], ISO 4628-4[15], ISO 4628-5[16], ISO 4628-6[17], ISO 4628-718]
ISO 4628-4[19], ISO 4628-10[20], ISO 11664-4(21],

—

8.4 Use pf control materials

8.4.1 In most cases, periodic evaluation(ofitest and control specimens is necessary to evaluate|the
direction of property change as a function ef éxposure. 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.

8.4.2 Exposure to an arbitraty time or radiant exposure may be used for the purpose of a specific test if
agreed updn by all parties ofifrequired for conformance to a specification. Two criteria are critical wihen
selecting the single time.or radiant exposure used:

a) when dontrol matetials of minimum acceptable performance are used, statistical analysis of the results
after ekposure-shall show that the test material is equivalent to or better than the control materidl;

b) a substantial change in the property of interest shall be produced in the least stable matdrial

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

8.4.3 Useappropriate statistical analysis when comparing the results given by testand 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.

8.5 Use of results in specifications

8.5.1 Ifastandard or specification for general use 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
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Standard, the specified property level shall be based on results obtained in an interlaboratory trial
that takes into consideration the variability due to the exposure and the test method used to measure
the property of interest. The interlaboratory trial shall be carried out in accordance with the relevant
International Standard for conducting interlaboratory exposures and shall include a statistically
representative sample of all laboratories or organizations which would normally conduct the exposure
and property measurement.

8.5.2 If a 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
res(ItSTrom at Ieast tTwo Separate, independent eXposures i each laboratory. The design of The gxperiment
usefl 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.

8.5]3 Whenreproducibilityin results from an exposure test conducted in accordanee with anyfofthe parts
of this International Standard have not been established through interlaboratery testing, p¢rformance
reqliirements for materials shall be specified in terms of comparison (i.e. rank) with a contrpl material.
Sperimens of the control material shall be exposed simultaneously with the test specimen(s) |n the same
devjce. The specific control material used shall be agreed upon by the iterested parties.

9 |Testreport

The test report shall contain the following information:

9.1| Specimen description

a) |afull description of the specimens and theirorigin;

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

c) |acomplete description of the method used for preparation of the test specimens;
d) |substrate material, substrate thickness and surface preparation of the substrate;
e) |method of application of the test coating to the substrate;

f) |duration and conditions of drying (or stoving) and ageing (if applicable) of the coating befpre testing;

g) |duration of conditioning of the test panels before starting the test (in the event of other tests having
been performed beforehand on the same test panels);

h) |thickness,\in micrometres, of the dry coating and method of measurement in accordlance with
[SO 2808yand whether it is a single coating or a multi-coat system;

i) |ady-agreement on deviation from the test method;

j) any particular test requirements and the agreed limit of colour change for the assessment of colour
fastness to light.

NOTE 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.

9.2 Description of exposure test conducted in accordance with ISO 16474-2,1S0 16474-3 or ISO 16474-
4, including:

a) adescription of the exposure device and radiation (light) source, including:

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

h)

j)

9.3

b)

2) adescription of the filters used,

3) ifrequired,theirradiance atthe specimen surface (including the passband in which the radiation
was measured),

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

the type of black and/or white temperature sensor used and the exact position of the sensor if it was

not loc

a comy]

and dark period:

1) th

allowable deviation from the set point if different from that in Talle 3,

2) th

if dlifferent from that in Table 3,

3) fol
th
to
th

4) fol
co

5) th

a desc
descri]

the procedure for test speeimen repositioning, if used;

a descy

any unjusual obseryvations (anomalies) observed during the test.

Test

ated in the test specimen exposure area;

ired, the type of instrument used to measure the humidity;

ired, the method used for controlling uniformity;

lete description of the exposure cycle used, including the following inforngation for each 1

b set point for the black- and/or white-panel temperature sensor-tsed and the maxin

e set point for the relative humidity and the maximum alloewable deviation from the set p

tests which include a water spray period, report the duration of the water spray and whef
b water was sprayed on the exposed face, the backor both surfaces of the specimens (iff
al solids of the water used for the spray was greater than 1 pug/g, report the total solids
b silica content),

tests where water is condensed on thelspecimens, report the set point for the length of
hdensation period,

e length of each light and dark period;

ription of the method used:to mount the specimens in the exposure frame, includiy
btion of any material usgd:as backing for the test specimens;

ription of the radiometer used for measuring the radiant exposure, if used,

results

a comy

léte description of the test procedure used for measurement of any properties reported;

the results shall include:

1) theresults from property measurements on the test specimens,

2) theresults from property measurements on control specimens,

3) theresults from property measurements on unexposed file specimens, if determined,

mthe

ght

um

bint

her
the
and

the

g a

4) theexposure period (either the time, in hours, or the radiant exposure, in J/m2, and the passband

in

which it was measured).

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

Procedure for measuring the irradiance uniformity in the

specimen exposure area

A1l
con|
exp

A.2
att
isc
tha
tha
irra
atp

This annex provides Information for those who use this part of ISO 16474 as th
ducting an exposure to a laboratory light source and requirements for manufacturersef-d
ose materials to laboratory light sources.

In devices that use a rack to hold the specimens and rotate them aroundyaslight sou
he centre of Figures A.1a) and A.1b)], measure the irradiance at a position in'the specimg
osest to the light source (position A in Figure A.1) and at two position§/within the spe

are farthest from the light source (position B in Figure A.1). Measurements made with a
is placed on the rack as it rotates around the light source will give'the most realistic in
diance uniformity. The relationship between the irradiance at position B relative to the

 basis for
evices that

ce [shown
n rack that
rimen rack
radiometer
dication of
irradiance

(A1)

osition A shall be as follows:
Ep>0,7E
B B
W A
W W
\IZ \
N N
SIE SE
X X
A = A =
R R
N 7
7N N\
i) 2
B B
a) Flat specimen rack b) Canted specimen rack

A3

In devices where specimens are positioned in a flat plane in front of a light source, measure the
irradiance at a position in the specimen plane that is closest to the light 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:

Ey20,7Ey

© IS0 2013 - All rights reserved

(A.2)

15


https://standardsiso.com/api/?name=7ef96c314c5cdb477b6f8dc37d385e1d

ISO 16474-1:2013(E)

Y

‘ ‘x‘ ‘

Y

Y

a) Flats

Figur

A4 Ift
the exposu
centre, the
shall be usg¢
positions V

L los H 1 ikl A PR | 1t
UJ I"Idt opcuuucu lJlClllC VVILIL lllulLllJlC l.IUllll. SUuUl

Y Y
| X | X |
Y Y

c) Flat specimen plane with multiple line-Sources

H 1 atkla £1 o |
PCUIITITIT }JlClllC VVILIT ITTUUI TOCUTUIIL u:uuyo

p A.2 — Determining irradiance uniformity in-deévices using a flat specimen plane

he design of the device is such that the ma%imum irradiance might not be at the centr
re area or such that the minimum irradiance might not be at the position farthest from
actual maximum irradiance shall be used for Ex or Ex and the actual minimum irradig
bd for Eg or Ey in Formulae (A.1) and(A.2). Additional measurements of the irradiance at of
yithin the exposure area may alsobe made. In all cases, however, the irradiance measu

at these p
least four

corners of flat specimen planes where fluorescent lamps or line sources are used as the light sour

For more p|
measurem

A.5 As
determine
of heat or
property o
and should

sitions shall be at least 70 % of the maximum irradiance. Unless otherwise specified
easurements shall be made‘at the periphery of the proposed exposure area (e.g. near

ecise definition of the.allowed exposure area where Ex = Ey or E 2 E5, many more than
bnts near the periphery of the exposure area will be necessary.

an alternativé to irradiance measurements, the uniformity of the irradiance may
I by use of reference materials if the ageing of these materials is independent of the effi
moisture-orif the effects of heat and moisture are known. The change in the characteri
f the referénce material shall be a known function of the radiant exposure (preferably lin
preferably not show an induction time with little change in the property as a functio

radiant ex

ces

e of
the
nce
her
red
, at
the
es).
our

be
bCts
stic
bar)
h of
ials

asure. Figure A.3 is a typical plot showing the characteristic property of reference mater
asa functignﬁraﬁmmqmmﬁme%mknﬂheﬁmmmwmﬂws

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 atleast 70 % of the change measured for the specimen exposed at the centre.

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 might be significantly affected by differences in temperature and/or
moisture conditions as well as differences in irradiance.
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radiant exposure or exposure time (arbitrary units)
characteristic property (arbitrary units)

change (black-filled circles)

gure A.3 — Typical behaviour of the characteristic property as a function of expospure for a
ference material showing linear change‘(square symbols), for a reference material|showing
nduction time before the property starts to change (triangular symbols) and for a|reference
njaterial showing a period of linear change (empty circles) followed by a region of npnlinear
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Annex B
(informative)

Factors that decrease the degree of correlation between artificial

aCC

elerated weathering or artificial accelerated irradiation
exposures and actual-use exposures

B.1 Diff]
and that

Shorter-th
accelerateq
on for sho

erences between the spectral distribution of the laboratory light sourc
of solar radiation

in-normal wavelengths are sometimes used to obtain faster failure;rates in artif
| weathering or artificial accelerated irradiation exposures. For outdoor.eéxposures, the
't wavelength UV radiation is generally considered to be about 300 )nm. Exposures to

19

cial
cut-
uv

radiation of wavelengths less than 300 nm might produce degradation reactions that do not occur when

the materi
or irradiat
use condit

If radiation
the materig
However, |
ofthe UV o
be very imj
radiation.

fade cause
produced i

B.2 Ligh

Light inten|
tolaboratoj
abnormally
found in an
differences
are compa

a)

In exte

hl is used outdoors. If a laboratory light source used in an artificial accelerated weathe
on exposure produces UV radiation of wavelengths shortet-than that found in the act

in a specific region of the spectrum is known to produce the type of degradation of intere
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Exposures to light sources which only<produce UV radiation might not produce the co
l by visible radiation and might causepolymer yellowing that is more pronounced than

h exposures to solar radiation.

It intensities higher than those experienced in actual-use conditions

ry light sources inOrder to accelerate degradation. There are two main reasons why the us
r high irradiance-can change the mechanism of material degradation relative to the condit
actual-use environment (polymers show a broad range of responses to irradiance and th
can alter the stability ranking of materials when results from artificially accelerated t
‘ed to those from in-service exposures).

riof exposures, polymers in an excited state caused by absorption of a high-energy phc

[ing
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ons, the mechanism of degradation and the stability ranking of the materials tested cam be
dramatically different in the accelerated test.
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pically decay to the ground state before absorbing another high-energy photon. Howeve

exposures to laboratory light sources producing an abnormally high light 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.[4]

b)

Free radicals are often formed in materials exposed to UV light. 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 irradiance.[3]

Furthermore, oxygen diffusion can sometimes become rate-limiting in polymer oxidation processes
where abnormally high irradiance (or abnormally high specimen temperatures) are used for test
acceleration.lé] This can produce differences in the mechanism of degradation reactions and might
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