INTERNATIONAL 1SO
STANDARD 4892-1

Second edition
1999-07-01

Plastics — Methods of exposure to
laboratory light sources —

Part 1:
General guidance

Plastiques — Méthodes d'exposition a des sources lumineuses,
de laboratoire —

Partie 1: Guide général

— — Reference number
_ ISO 4892-1:1999(E)


https://standardsiso.com/api/?name=32ec334831b9f22fe59c0efd7603050d

ISO 4892-1:1999(E)

Contents

Page
S Yo 1= 1
2 NOIMALIVE TEIEIEINCES ...ttt s et nr e e s r e e sree aheeessreeeaseeennneeareeennreenanes 1
3 Terms and defiNItIONS .........cviiiiieiii e e e s e e enne anneesnreeennnee b} [ e e e 2
] o o - SRR SSSPRY RSP 2
N S To 171 = OSSR - SNNNRRY RS 2
4.2 Use of agcelerated tests with laboratory light SOUICES .........cccvviiieiie e e PO 3
5 Requiremgnts for laboratory @XpoSUre dEVICES ........ccciiicuviiiiiieeee i e e e e o Nt e s s nentee e e e e e e e enans S P 4
L0 I IR T |0 =0T o SR PPRN IR 4
LT = 0] o =] = L (= L U SN 5
LoIRC T o [¥ ] e 1Y 7= T T V7= 1 1 o SRR IR 6
5.4 Other apgparatus reqUIFEMENTS .......cc.vvvieeieeeeeiiiiiiieeeeeesessee S e eeeeesssnnreneeeeeesssssssrnsneseesesssnsssnns  sesnssssseesees|oonssnneeees 7
I =S A=Y o 1= Tox T 1 =T 1RSSR IO 8
6.1 Form, sHape and PreParation .........c..ueeeeieeeiies riereee e e seseeieeeeeeesssssssteeeeeaesssassssreeeeeeesssssssnnnns  sssssssessesssnsforneeeeeennnn 8
6.2 NUMDBET |0f tESt SPECIMENS ...cevii et Tttt e e e s s r e e e e e s s stereeeeeeesssnnnnnne aessssesessessnnsfereeereeennns 8
SRCIS] (o] ¢-To [ = TaTo I oo a[o 1170 o1 a T S USRNSSR 9
7 Test condilioNs and PrOCERAUIE ...{ .0 i urieiei et ie e e e e e s es e e e e e e s s st e reeaeessnstnreeeeeaessssnssnnes nrressessesssnsforeeereeennnn 9
8 Precision &N DIAS .......co o e reenre e e 9
S = Tot L] T OO PURPROURTPURRUY FOTRRPR 9
S T T OOV PURSURRURRPURIRPY IOURPRTR 10
L0 T IS =] 0] N 10
Annex A (informative) Factors that decrease the degree of correlation between accelerated tests
using laboratory light sources and actual-USE EXPOSUIES .........uuveiieieeiiiiiiiieireeeeessssnierreee e e e s s snirnnrneeeeaes aenreeeeees 12

Annex B (normative) Procedures for measuring the irradiance uniformity in the specimen exposure area..14

© 1S0O 1999

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from the publisher.

International Organization for Standardization
Case postale 56 « CH-1211 Genéve 20 * Switzerland
Internet  iso@iso.ch

Printed in Switzerland


https://standardsiso.com/api/?name=32ec334831b9f22fe59c0efd7603050d

©1SO 1ISO 4892-1:1999(E)

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.

Internatiopal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft Intefnational Standards adopted by the technical committees are circulated to the member bodig¢s for voting.
Publication as an International Standard requires approval by at least 75 % of the memberbodies casting a vote.

International Standard ISO 4892-1 was prepared by Technical Committee ISO/TC 613, Plastics, Subcommittee SC 6,
Ageing, chemical and environmental resistance.

This secdnd edition cancels and replaces the first edition (ISO 4892-1:1994), of which it constituteg a technical
revision.

ISO 4892(consists of the following parts, under the general title Plastics — Methods of explosure to laporatory light
sources:

O Part I: General guidance

O Part P: Xenon-arc sources

O Part B: Fluorescent UV lamps

O Part 4: Open-flame carbon-arc lamps

Annex B forms a normative part of this part of ISO 4892. Annex A is for information only.
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Plastics are often used outdoors or in indoor locations where they are exposed to daylight or to daylight behind
glass for long periods. It is therefore very important to determine the effects of daylight, heat, moisture and other
climatic stresses on the colour and other properties of plastics. Outdoor exposures to daylight and to daylight
filtered by window glass are described in ISO 877:1994, Plastics — Methods of exposure to direct weathering, to
weathering using glass-filtered daylight, and to intensified weathering by daylight using Fresnel mirrors. However, it
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Plastics — Methods of exposure to laboratory light sources —

Part 1

General guidance

1 Scop

1.1 This
methods

A1”4

Df exposure described in detail in subsequent parts. It also describes and recommends pr

determinipg irradiance and radiant exposure. Requirements for devices used ta-nionitor chamber air

and surfa

1.2 This
More spe
reporting

ce temperature of dark and light materials are also described.

part of ISO 4892 also provides information on the interpretation,of data from accelerated ex
cific information about methods for determining the change“in plastic properties after e
hese results is described in ISO 4582.

2 Norm

tive references

The following normative documents contain provisions.which, through reference in this text, constitute
this part gqf ISO 4892. For dated references, subsequent amendments to, or revisions of, any of these
do not apply. However, parties to agreements based on this part of ISO 4892 are encouraged to in

possibilit

of applying the most recent editions of the normative documents indicated below.

references, the latest edition of the normativé document referred to applies. Members of ISO and |

registers
ISO 291:1
ISO 293:1

ISO 294-1
principles

ISO 294-2
bars.

ISO 294-3

f currently valid International Standards.
997, Plastics — Standard-atmospheres for conditioning and testing.
986, Plastics — Compression moulding test specimens of thermoplastic materials.

:1996, Plastics_)lnjection moulding of test specimens of thermoplastic materials — Pa
and moulding,efmultipurpose and bar test specimens.

:1996, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 2:

:1996, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 3: §

part of ISO 4892 provides information and general guidance relevant to the selection and opegration of the

bcedures for
temperature

hosure tests.
posure and

provisions of
publications
estigate the
—or undated
EC maintain

t 1: General

ISmall tensile

mall plates.

ISO 295:1991, Plastics — Compression moulding of test specimens of thermosetting materials.

ISO 2557-1:1989, Plastics — Amorphous plastics — Preparation of test specimens with a specified maximum

reversion

ISO 2818:
ISO 3167:

— Part 1: Bars.
1994, Plastics — Preparation of test specimens by machining.

1993, Plastics — Multipurpose test specimens.

ISO 4582:1998, Plastics — Determination of changes in colour and variations in properties after exposure to
daylight under glass, natural weathering or laboratory light sources.

ISO 4892-2:1994, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc sources.

ISO 4892-3:1994, Plastics — Methods of exposure to laboratory light sources — Part 3: Fluorescent UV lamps.
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ISO 4892-4:1994, Plastics — Methods of exposure to laboratory light sources — Part 4: Open-flame carbon-arc

lamps.

ISO 9370:1997, Plastics — Instrumental determination of radiant exposure in weathering tests — General guidance
and basic test method.

CIE Publicat

ion No. 85:1989, Solar spectral irradiance.

3 Terms and definitions

For the purp

3.1

control

Oweathering([la material which is of similar composition and construction to the test material and Which is gxposed at
the same time for comparison with the test material

NOTE An example of the use of a control material would be when a formulation different from‘one currently bejng used is
being evaluatgd. In that case, the control would be the plastic made with the original formulatian.

3.2

file specimen

a portion off the material to be tested which is stored under conditionsin which it is stable and ig used for
comparison petween exposed and original state

3.3

reference material

a material offknown performance

3.4

reference specimen

a portion of fhe reference material that is to be expased

4 Principle

Specimens pf the samples to be tested are exposed to laboratory light sources under controlled environmental
conditions. The methods described~include means which may be used to measure irradiance at the face of the
specimen arjd radiant exposure, @nd procedures for measuring the temperature of specified white and blagk panels.
4.1 Significance

4.1.1 Wher] conducting*exposures in devices which use laboratory light sources, it is important to consider how
well the acce¢leratedstest 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 ex

periments, and when interpreting the results from accelerated exposure tests.

4.1.2 No laboratory exposure test can be specified as a total simulation of actual-use conditions. Results obtained
from these laboratory accelerated 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 UV radiation, time of wetness, relative humidity,
temperature, pollutants and other factors. Therefore, even if results from a specific exposure test conducted in
accordance with 1ISO 4892 are found to be useful for comparing the relative durability of materials exposed in a
particular environment, it cannot be assumed that they will be useful for determining the relative durability of the

same materi

als in a different environment.

4.1.3 Even though it is very tempting, calculation of an “acceleration factor” relating “x” hours or megajoules of
radiant exposure in an accelerated laboratory test to “y” months or years of actual exposure is not recommended.

These accele

ration factors are not valid for several reasons.
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b)
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Acceleration factors are material-dependent and can be significantly different for each material and for different
formulations of the same material.

Variability in the rate of degradation in both actual-use and accelerated laboratory exposure tests can have a

signif

icant effect on the calculated acceleration factor.

Acceleration factors calculated based on the ratio of irradiance between a laboratory light source and daylight
(even when identical bandpasses are used) do not take into consideration the effects of temperature, moisture
and differences in spectral power distribution between the laboratory light source and daylight.

NOTE

a

environme
be analyse
calculate &

4.1.4 Th
laboratoryf

particula

If use of an acceleration factor is desired in spite of the warnings given in this standard, such accelerat
r_material are only valid if they are based on data from a sufficient number of separate exte

htal tests and accelerated laboratory exposures so that results used to relate times to failure in eaech
d using statistical methods. An example of a statistical analysis using multiple laboratory and aCtual
h acceleration factor is described by J.A. Simms, in Journal of Coatings Technology, Volume 50;-1987,

bre are a number of factors that may decrease the degree of correlation betweep, accelerate
light sources and exterior exposures (more specific information on how each facter may alte

ion factors for
ior or indoor
exposure can
exposures to
pages 45-53.

l tests using
I the stability

ranking off materials is given in annex A):

a) differ

b)

bnces in the spectral distribution of the laboratory light source and daylight;
light intensities higher than those experienced in actual-use conditions;
c)

d)

exposure cycles that use continuous exposure to light from a laboratory light source without any dalrk periods;

specimen temperatures higher than those in actual conditions;

e) expo ark-coloured

speci

bure  conditions that produce unrealistic temperature differences between light- and d
mens;

expo
prodd

bure conditions that produce very frequent cycling between high and low specimen temperafures, or that
ce unrealistic thermal shock;

unreglistically high or low levels of moisture;

)

h) the apsence of biological agents or polldtants.

4.2 Use|of accelerated tests with laboratory light sources
est used to
blish that the
Comparisons
sure device.
he level of a

4.2.1 Repults from accelerated-exposure tests conducted in accordance with this standard are &
compare the relative performance’/of materials. A common application of this is tests conducted to esta
level of gyality of different bateches does not vary from that of a control material of known performance. ¢
between [naterials are best-made when the materials are tested at the same time in the same expg
Results can be expressed by comparing the exposure time or radiant exposure necessary to reduce f

characteristic property(to some specified level.

b purpose of

4.2.1.1 I{is strongly recommended that at least one control material be exposed with each test for the
comparing the performance of the test materials to that of the control. The control material should pe of similar
compositibn-and aterial being
tested. It is preferable to use two controls, one with relatlvely good durablllty and one W|th relatively poor durability.

4.2.1.2 Sufficient replicates of each control material and each test material being evaluated are necessary 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 measured using destructive tests, a separate set of specimens
is needed for each exposure period.

4.2.2 In some specification tests, test materials are exposed at the same time as a weathering reference material
(e.g. blue wool test fabric). The property or properties of the test material are measured after a defined property of
the reference material reaches a specified level. If the reference material differs in composition from the test
material, it may not be sensitive to exposure stresses which produce failure in the test material, or it may be very
sensitive to an exposure stress that has very little effect on the test material. The variability in results for the
reference material may be much different than that for the test material. All these differences between the reference
material and the test material can produce misleading results.
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NOTE Definitions of control and reference material that are appropriate to weathering tests are given in clause 3.

4.2.3 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 this standard should not be used to establish a “pass/fail” of materials based on the
level of a specific property after a specific exposure time or radiant exposure unless the reproducibility of the effects
of a particular exposure cycle and property measurement method has been established.

5 Requirements for laboratory exposure devices

5.1.2 Exposgure devices shall be designed such that the irradiance at any location in the @rea used for|specimen
at least 70 % of the maximum irradiance measured in this area. Proceduresor measuring |irradiance
found in annex B.

NOTE THe irradiance uniformity in exposure devices depends on several factors suchhas deposits which can fevelop on
the optical system and chamber walls. In addition, irradiance uniformity can be affectedy the type and number of|specimens
being exposdgd. The irradiance uniformity as guaranteed by the manufacturer is valid for new equipment and well defined
measuring conditions. In many new-model devices, the irradiance at any locationiwithin the exposure area is at legst 80 % of
the maximumlirradiance.

5.1.3 If thelirradiance at any position in the area used for specimen’ exposure is at least 90 % of the [maximum
irradiance, periodic repositioning of the specimens during exposurelis not necessary.

NOTE While not required in devices meeting the irradiance uniformity requirements of 5.1.3, periodic| specimen
repositioning |s a good practice to ensure that all specimens receive the same level of all exposure stresses.

5.1.4 If irradiance at any position in the area used\for specimen exposure is between 70 % and 97 % of the
maximum irjadiance, specimens shall be periodically repositioned during the exposure period to ensurethat each
receives an |equal amount of radiant exposure: The repositioning schedule shall be agreed upon by all finterested
parties.

5.1.5 Follow the apparatus manufacturer}s instructions for lamp and filter replacement and for pre-ageing of lamps
and/or filters

5.1.6 CIE Hublication No. 85:1989 provides data on solar spectral irradiance for typical atmospheric gonditions,
which can he used as a basiS for comparing laboratory light sources with daylight. For example, glpbal solar
irradiance ir] the 300 nm_t9~2450 nm band is given as 1090 W/m2 for a relative air mass of 1, with 1,42 cm of
precipitable water and 0;34 cm of ozone (measured at a pressure of 1 atmosphere and a temperaturg of 0 °C).
Table 1 shoys a broadband condensed spectral irradiance for global solar radiation at these atmospheric ponditions
in the UV, vjsible and"infrared regions of the spectrum. This represents the maximum global solar irradiance that
would be experiented by materials exposed on a horizontal surface at the Equator near noon on a clear day at the
spring or autuimn equinox.
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Table 1 — Spectral global irradiance

(condensed from Table 4 of CIE Publication No. 85:1989)

ISO 4892-1:1999(E)

Wavelength
nm

Irradiance
W-m-2

Percent of total
300 nm to 2450 nm

Percent of UV and visible
300 nm to 800 nm

300 to 320
320 to 360
360 to 400
300 to 400
400 to 800
300 to 800

Q0.+ 2 ALD

4,1
28,5
42,0
74,6

604,2
678,8

411 6

0,4
2,6
3,9
6,8
55,4
62,2

270

0,6

4,2

6,2
11,0
89,0
100,0

qQUOUTOZ=I0T

300 to 2450

b = = A v

1O

1090,4 100,0

5.1.6.1 O

irect radiation from xenon burners, open-flame carbon arcs and some fluorescent lamps contains

consideraple amounts of short-wavelength ultraviolet radiation not present in daylight. With/proper selegtion of filters

for these
but signifi
selected t
appropria
daylight th

517 A
irradiance
surface.

5171 I
it is not pq
specimen

5.1.7.2 T
checked i
radiometg
calibratior

5.1.7.3
reported.
400 nm o

ely filtered, produces radiation with a spectral power distribution that-is"a good simulatio
roughout the UV and visible region.

adiometer which complies with the requirements outlined in~ISO 9370 may be used to

distance.

r shall be conducted at least once per year by an approved, accredited laboratory. M
s are recommended.

Some types of apparatus provide for measuring irradiance in a specific wavelength range (e.
300 nm to 800 nm), or in"a,narrow bandpass centered around a single wavelength (e.g. 340

ight sources, much of the short-wavelength light can be eliminated. However, (seme filters allow a small,
cant, amount of this short-wavelength (less than 300 nm) radiation through,Fluorescent |lgmps can be
D have a spectral output corresponding to a particular ultraviolet region efvdaylight. The xen@n arc, when

of average

measure the

E or spectral irradiance E; and the radiant exposure H or spectral radiant exposure H; on the specimen

used, the radiometer shall be mounted so that it receives the same radiation as the specime¢n surface. If
sitioned in the specimen plane, it shall have a suffigient field of view and be calibrated for irrafliance at the

he radiometer shall be calibrated in the emission region of the light source used. Calibration shall be
N accordance with the radiation measuringsinstrument manufacturer's instructions. A full calibration of the

pre frequent

Vhen measured, the irradiancé.in the wavelength range agreed upon by all interested parties shall be

g. 300 nm to
hm).

5.2 Temperature

5. 2 1 The surface température of exposed materials depends primarily on the amount of radiation apsorbed, the
ivity] of the specimen, the amount of thermal conduction Wlthm the speC|men and the amount of heat

2 upport. The
black panel may also be Iocated at a fixed dlstance from the Ilght source dlfferent from that of the test specimens
and calibrated to give the temperature in the specimen exposure area. However, this is not recommended because
a black panel mounted at a fixed position away from the specimens may not indicate temperatures representative of
the test specimens, even if it is calibrated to record the temperature at positions within the specimen exposure area,
due to differences in light intensity and movement of air.

5.2.2 Two types of black-panel temperature sensor may be used:

5.2.2.1 Black-standard thermometers, consisting of a plane (flat) stainless-steel plate with a thickness of about
0,5 mm. A typical length and width is about 70 mm by 40 mm. The surface of this plate facing the light source shall
be coated with a black layer which has good resistance to ageing. The coated black plate shall absorb at least
90 % to 95 % of all incident flux to 2500 nm. A platinum resistance sensor shall be attached in good thermal contact
to the centre of the plate on the side opposite the radiation source. This side of the metal plate shall be attached to a
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5 mm thick baseplate made of unfilled poly(vinylidene fluoride) (PVDF). A small space sufficient 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 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 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.

5.2.2.2 Blag

alepnanal tharmamafarce ooncictina of o nlana (flot\ pantal nlatn that 1o vracictant +0 ~oreacd

dimensions
source shall
at least 90 9

centre of thg

sensor or a
chamber.

5.2.3 The temperature indicated by the black-panel or black-standard thermometer/depends on the

produced by
panel tempe
temperature

At conditiong

3°Cto 12 °(
insulated, th

5.2.3.1 At
standard thq
infrared radi
two types of

5.2.4 In ord
irradiance d

recommend¢

thermomete
thermomete
coating betw

5.2.5 Expo
+3°C of th
temperature
temperature

5.2.6 The fest report”shall indicate whether a black-standard or black-panel thermometer was ust

thermomete
described in

i
PO CT T CTTTTOTTC e oy COTTSToUTTY— UT o P tC— ot et protc oot 1o roJStotart tO— COTTO ST

are about 150 mm long, 70 mm wide, and 1 mm thick. The surface of this plate that faces
be coated with a black layer which has good resistance to ageing. The coated black plate-’sh
b to 95 % of all incident flux to 2500 nm. A thermally sensitive element shall be firmly~attac
exposed surface. This thermal sensitive element can be a black-coated stem:type bim
resistance sensor. The back of the metal panel shall be open to the atmosphetre/within the

the laboratory light source and the temperature and speed of the air maving in the test chamlj
ratures generally correspond to those for dark coatings on metal panels. Black-standard thq
5 generally correspond to those for the exposed surface of dark Samples with poor thermal co
used in typical exposure tests, the temperature indicated-by/a black-standard thermome
C higher than that indicated by a black-panel thermometer. Because black-standard thermon
bir response time for temperature changes is slightly slower'than for a black-panel thermomet

ow irradiance levels, the difference between thestemperature indicated by a black-panel
rmometer and the real specimen temperature may be small. When light sources that emit
ption are used, there will generally be only veryZsmall differences in the temperatures indical
black panel or between light- and dark-coloured specimens.

er to evaluate the range of surface temperatures of the exposed specimens and to better ¢
r the conditions in the apparatus;~the use of a white-panel or white-standard therm
bd, in addition to the black-panel ‘er black-standard thermometer. The white-panel or whitg

shall be constructed in the, same way as the corresponding black-panel or blach
, except for use of a white“coating with a good resistance to ageing. The reflectance of
een 300 nm and 1000 nm shall be at least 90 %, and at least 60 % between 1000 and 2 500

sure devices shall be-able to control the temperature of the black or white temperature sensg
b desired temperature. They shall be designed such that the temperature of a black- or W
sensor placed\anywhere within the specimen exposure area is within £5 % of the desire

used/(black or white) is not positioned in the specimen exposure area, its exact positio
thestest report.

. Typical
the light
all absorb
hed to the
btallic dial
exposure

irradiance
er. Black-
rmometer
nductivity.
ter will be
heters are
Br,

or black-
very little
led by the

ontrol the
pmeter is
-standard
-standard
the white
nm.

r to within
hite-panel
d Celsius

ed. If any
n shall be

5.3 Humidi

ity and wetting

5.3.1 The presence of moisture, particularly in the form of condensation on the exposed face of the specimen, may
have a significant effect in accelerated laboratory exposure tests. Any apparatus operated in accordance with this
standard which attempts to simulate the effects of moisture shall have means for providing moisture to specimens
using one or more of the following methods:

a) humidification of the chamber air;
b) formation of condensation;

c) water spray;

d) immersion.
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5.3.2 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. It is strongly recommended that water used for specimen spray contain a maximum
of 1 ug/g of solids and a maximum of 0,2 ug/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 for specimen spray is
not recommended and shall not be done unless the recirculated water meets the purity requirements listed above.

5.3.3 If specimens are found to have deposits or stains after exposure, the water purity shall be checked to
determine if it meets the purity requirements described in 5.3.2. On some occasions, exposed specimens can be
contaminated by deposits from bacteria that can grow in the purified water used for specimen spray. If bacterial

contamingtien—is—detected—the—entire—system—used—for-specimen-water—spray—shat-be—fHushed—with—g chlorinating
solution spich as sodium hypochlorite and thoroughly rinsed prior to resuming exposures.

5.3.4 Although conductivity does not always correlate with silica content, it is recommended thatithe conductivity of
the waterl used for specimen spray be continuously monitored and that exposures be_stopped whenever the
conductivity is above 5 uS/cm.

5.3.5 Alllcomponents 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| deposits on
test specimens.

5.4 Other apparatus requirements

5.4.1 Although various apparatus designs are used in practice, “each apparatus shall meet the following
requiremgnts:

5.4.1.1 In devices where humidity within the test chamber is*Controlled, the sensors used to measure[the humidity
shall be placed within the test chamber air flow and shielded\from direct radiation and water spray.

5.4.1.2 In devices where chamber air temperature~is controlled, temperature sensors, shielded| from direct
radiation @nd water spray, are required to sense and'control the temperature of the air within the test chamber.
5.4.1.3 Any device intended to simulate the-effects of moisture shall have means to programme interyals with and
without wetting of the specimens.

5.4.1.4 Any device intended to simulate the effects of light and dark cycles shall have an electronic|controller or
mechanicpl device to programme intervals with or without radiation.

5.4.2 Tolfulfill the requiremenis,of particular test procedures, the apparatus may need to provide means to register
or record the following operating parameters:

a) the limpe voltage;

b) the Igmp voltage;

c) thelgmp.current;

d) the temperature indicated by any uninsulated or insulated black- or white-panel thermometer;

e) the test chamber air temperature;

f)  the relative humidity of the test chamber;

g) the details of any water spray cycle;

h) the spectral irradiance and the radiant exposure;

i) the duration of exposure (radiation time and total, if different).
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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 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 with the test report.

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

determined, ffhe article itself should be exposed Whenever possIbIe.

6.1.3

If the|material to be tested is an extrusion- or moulding-grade polymer in the form of granules) chi

or some other raw state, specimens to be exposed shall be cut from a sheet produced by the appropriat
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6.2.3 When destructive tests are used to determine the properties being measured, the total humber of test
specimens required will be determined by the number of exposure periods used and whether unexposed 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 exposure test. It is
recommended that control materials 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 agree on the
control materials to be used. The number of specimens of the control material should preferably be the same as that
used for test materials.
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6.3 Storage and conditioning

6.3.1 If test and/or reference specimens are cut or machined from larger pieces, they shall be conditioned, after
preparation, in accordance with ISO 291. In some circumstances, it may be necessary to precondition the sheets
prior to cutting or machining to facilitate specimen preparation.

6.3.2 When using tests to characterize the mechanical properties of the materials being exposed, specimens shall
be appropriately conditioned before all property measurements. Use the conditions described in ISO 291, where
appropriate. The properties of some plastics are very sensitive to moisture content, and the duration of conditioning
may need to be longer than that specified in ISO 291, particularly where specimens have been exposed to climatic

extremes.
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8 Precision and.bias

8.1 Predision

8.1.1 The repeatability and reproducibility of results obtained in exposures conducted in accordance with this
standard will vary with the materials being tested, the material property being measured, and the specific test
conditions and cycles that are used. In round-robin studies?) conducted by ASTM subcommittee G3.03, the 60°
gloss values of replicate PVC tape specimens exposed in different laboratories using identical test 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.

8.1.1.1 If a standard 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 this practice, the specified property level shall be based

1) Fischer, R.M., "Results of Round-Robin Studies of Light- and Water-Exposure Standard Practices", Accelerated and
Outdoor Durability Testing of Organic Materials, ASTM STP 1202, Warren D. Ketola and Douglass Grossman (editors),
American Society for Testing and Materials, Philadelphia, 1993.
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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 conducted 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.

8.1.1.2 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 this practice, the specified
property level shall be based on statistical analysis of results from at least two separate, independent exposures in
each laboratory. The 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.

8.1.2 The é—+eb bl citee 811 demeonstrated-that-the—gloss—values—for-a—series—ef materials
could be rapked with a high level of reproducibility between laboratories. When reproducibility in results from an
exposure tegt conducted in accordance with this standard have not been established through round-roldin testing,
performancqg requirements for materials shall be specified in terms of comparison (i.e. rank) with a‘contrdl material.
Specimens ¢f 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.
8.2 Bias
Bias cannot pe determined because no acceptable standard weathering reference materials are available.
9 Test report
The test reprt shall contain the following information:
9.1 Specimen description
a) A full dgscription of the specimens and their origin.
b) Compodind details, cure time and temperature where appropriate.
c) A compl|ete description of the method used-for preparation of the test specimens.
NOTE If @xposure tests are conducted by aconhtracting 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 pxposure test.
9.2 Descrigtion of exposure test-conducted in accordance with part 2, 3 or 4 of ISO 4892, including:
a) A descr|ption of the exposufe device and light source, including:
1) the|type of device and light source;
2) adpscription of the filters used;
3) if required, the irradiance at the specimen surface (including the bandpass in which the radjation was
measured);
4) the number of hours that the filters and the light source had been used prior to beginning the exposure.
b) The type of black- and/or white-panel temperature sensor used and the exact position of the sensor if it was not
located in the test specimen exposure area.
c) If required, 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 mean and the tolerance limits for the temperature recorded by the black-panel temperature sensor

used;

10
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2) the mean and the tolerance limits for the relative humidity of the air passing over the test specimens;

3) for tests 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 is greater than 1 ug/g, report the total solids and the silica content;

4) for tests where water is condensed on the specimens, report the length of the condensation period;

5) the length of each light and dark period.

e) A description of the method used to mount the specimens in the exposure frame, including a description of any

materal-used-as hqnl{lng for the test specimens

f)  The procedure for test specimen repositioning, if used.
g) A degcription of the radiometer used for measuring the light dosage, if used.
9.3 Test|results.
a) A complete description of the test procedure used for measurement of any properties reported.
b) The results, presented in accordance with 1ISO 4582, and including:
1) the results from property measurements on the test specimenss
2) the results from property measurements on control specimens;
3) the results from property measurements on unexposedile specimens, if determined,;

4) the exposure period (either the time in hours, orthe radiant energy in J-m-2 and the bandpass in which it
Wwas measured).

9.4 The gate of the test.

11
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Annex A
(informative)

Factors that decrease the degree of correlation between accelerated tests

using laboratory light sources and actual-use exposures

A.1 Diffe
of daylight

ences between the spectral distribution of the laboratory light source and: thgt

Exposures gt shorter-than-normal wavelengths are often used to obtain faster failure rates in‘accelerated Jaboratory

exposure te
about 300 n
which do ng
produces U
degradation

It may not bj
produce the
have a very

5ts. For outdoor exposures, the cut-on for short-wavelength UV radiation is generally considered to be
M. Exposures to UV radiation of wavelengths less than 300 nm may produce degradation| reactions
t occur when the material is used outdoors. If a laboratory light source used in an accelgrated test
V radiation of wavelengths shorter than that found in the actual-useZc¢onditions, the mechanism of
and the stability ranking of the materials tested can be dramatically different in the accelerated test.

E necessary to simulate daylight over the entire spectrum, if fadiation in a specific region is| known to
type of degradation of interest in the materials being tested{ However, laboratory light sources which
strong emission in a narrow band relative to the rest of the ultra-violet or visible spectrum mdy cause a

particular reaction to be favoured relative to others which may be very important. This type of light sourcd may also

not produce
radiation m4g
more pronod

A.2 Light

changes caused in exposures to daylight. Exposures’to light sources which only produce |ultraviolet
y not produce the colour fade caused by visible\radiation, and may cause polymer yellow|ng that is
nced than that produced in exposures to daylight:

intensities higher than those experienced in actual-use conditions

Light intensities higher than those experienced in actual-use conditions are typically used in exposures to |aboratory

light source
irradiance c
environment
abnormally

a) In exter
decay t

5 in order to accelerate degradation. There are several reasons why the use of abnormally high
hn change the mechanism( of ‘material degradation relative to the conditions found in an actual-use
(since some materials\afe more sensitive to changes in light intensity than others, the use of
igh irradiance can alter the stability ranking of the materials):

or exposures, pelymers in an excited state caused by absorption of a high-energy photon w|ll typically
D the ground state before absorbing another high-energy photon. However, in exposures to Jaboratory

light sodirces producing an abnormally high light flux, the rate of photon absorption is so high that the material

will ofte

N absorb.a high-energy photon when it is still in an excited state.

b) Free raqlicals are often formed in materials exposed to ultraviolet light. Reactions leading to degrada}tion occur

when the“ffee radicals interact with the material. Free radicals can also recombine with other free

adicals in

reaction

s 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.

c) 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. This can produce
differences in the mechanism of degradation reactions and may cause an abnormal ratio of surface to bulk

oxidatio

12

n, which could result in unnatural colour shifts or physical-property changes.
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