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Foreword

The text of the International Standard from
Technical Committee ISO/TC 61, Plastics, of the
International Organization for Standardization
(ISO) has been taken over as a European Standard
by Technical Committee CEN/TC 249, Plastics, the
Secretariat of which is held by IBN.

This European Standard shall be given the status of
a national standard, either by publication of an
identical text or by endorsement, at the latest by
March 2001, and conflicting national standards
shall be withdrawn at the latest by March 2001.

According to the CEN/CENELEC Internal
Regulations, the national standards organizations
of the following countries are bound to implement
this European Standard: Austyi lgiunﬁ'lﬁzech
Republic, Denmark, Finla %n L @ermany,
Greece, Iceland, Irela F&% mbourg,
Netherlands, Norway, Por , Spain, Sweden,
Switzerland and th Hﬂ@ed Kingdom.

NOTE Normative references to International Standards are
listed in Annex ZA (normative).
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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 liaisgn with ISO, also take part in the work. ISO
collaborates closely with the International Electrotech kﬁm ﬁq;_l'ﬁn (IEC) on all matters of
electrotechnical standardization. “*LL

International Standards are drafted in accordar;'&(;“wnﬁ-;ﬂre rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the t ‘3 1fcal committees are circulated to the member bodies for
voting. Publication as an International Stan‘,@[h requires approval by at least 75 % of the member bodies
casting a vote.

International Stg %({4@9& 1 was prepared by Technical Committee ISO/TC 61, Plastics,
Subcommit , ,{qm‘% chemical and environmental resistance.

This second mﬁ*‘bancels and replaces the first edition (ISO 4892-1:1994), of which it constitutes a
techmca]\rteﬂl's-l%n

"lr
ISO 485?2 consists of the following parts, under the general%&ﬁlastﬁﬂﬂﬁlyw ethods of explosure to

laboratory light sources: "'I-“ﬁ“

— Part 1: General guidance; Eﬁ."?f“

— Part 2: Xenon-arc sources; ":;-"I-“

— Part 3: Fluorescent UV lamps;

— Part 4: Open ﬂam arc nips
Annex B forms a no :ﬂf‘%%’thls part of ISO 4892. Annex A is for information only.
Introductloﬁi}“ “ %‘

'-"l.

Plastics are Q}‘ a’r"‘used outdoors or in indoor locations where they ar \hght or to daylight
behind glass'tor long periods. It is therefore very important to d ine h‘&.'e ects of daylight, heat,

moisture and other climatic stresses on the colour and other propert, quf plastics. Outdoor exposures to
daylight and to daylight filtered by window glass are describe r@% % 877:1994, Plastics — Methods of
exposure to direct weathermg, to weathermg using glass-filte %layhght, and to intensified weathering by
daylight using Fresnel mirrors. However, it is often necessary to determine more rapidly the effects of light,
heat and moisture on the physical, chemical and optical properties of plastics with accelerated laboratory

exposure tests that use specific la atory ht sources. Exposures in these laboratory devices are
conducted under more contro an found in natural environments and are designed to
accelerate polymer degr th}b?bduct failures.

Relating results from a a-i“ed laboratory exposures to those obtained in actual-use conditions is
difficult because of q]1ty in both types of exposure and because laboratory tests often do not reproduce
all the exposure st ses experienced by plastics exposed in actual-use conditions. No single laboratory
exposure test can be specified as a total simulation of actual-use exposures.

The relative durability of materials in actual-use exposures can be very different depending on the location
of the exposure because of differences in UV radiation, time of wetness, temperature, pollutants and other
factors. Therefore, even if results from a specific accelerated laboratory test are found to be useful for
comparing the relative durability of materials exposed in a particular outdoor location or in particular
actual-use conditions, it cannot be assumed that they will be useful for determining the relative durability
of materials exposed in a different outdoor location or in different actual-use conditions.

© BSI 17 September 2001 111
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1 Scope

1.1 This part of ISO 4892 provides information and general guidance relevant to the selection and
operation of the methods of exposure described in detail in subsequent parts. It also describes and
recommends procedures for determining irradiance and radiant exposure. Requirements for devices used
to monitor chamber air temperature and surface temperature of dark and light materials are also
described.

1.2 This part of ISO 4892 also provides information on the interpretation of data from accelerated exposure
tests. More specific information about methods for determining the change in plastic properties after

exposure and reporting these results is described in ISO S
e

2 Normative references @ L.,I}‘f-.n ﬁu"-“
L‘_
The following normative documents contain provisi %lch through reference in this text, constitute
provisions of this part of ISO 4892. For date&B rences, subsequent amendments to, or revisions of, any

of these publications do not apply. Howeverj*sarties to agreements based on this part of ISO 4892 are

encouraged to 1nvest1 the posslblhty of applying the most recent editions of the normative documents
indicated below ences, the latest edition of the normative document referred to applies.
Members o th intain registers of currently valid International Standards.

ISO 291: 19 s — Standard atmospheres for conditioning and testing.

ISO 29?§‘{Qﬂhk"}lastzcs — Compression moulding test specimens gfgﬁe plqﬁﬂc materials.

ISO 294-1:1996, Plastics — Injection moulding of test speci thq_iqﬁ’bplastzc materials —

Part 1: General principles, and moulding of multipurpose a qyest specimens.

ISO 294-2:1996, Plastics — Injection moulding of test spﬁe@ﬂh}ns of thermoplastic materials —
Part 2: Small tensile bars.

ISO 294-3:1996, Plastics — Injection moulding of test specimens of thermoplastic materials —

Part 3: Small plates “‘_-_..
ISO 295:1991, Plast EJ'ZE E Ssi0n moulding of test specimens of thermosetting materials.
ISO 2557-1: 198?555. st!‘,‘E‘ﬁ‘ Amorphous plastics — Preparation of test spec’ﬁ‘ns with a specified

maximum reverse(‘)@"n— Part 1: Bars. A
Wl
ISO 2818: 19& Plastics — Preparation of test specimens by mac% '_ﬁ_q;ﬂ
A\
ISO 3167:1993, Plastics — Multipurpose test specimens. "u"-
ISO 4582:1998, Plastics — Determination of changes in colo ié variations in properties after exposure

to daylight under glass, natural weathering or laboratory nght sources.
ISO 4892-2:1994, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc sources.

ISO 4892-3:1994, Plastics — %.’s of eﬁ!.bsure to laboratory light sources — Part 3: Fluorescent UV
lamps. 11'\

ISO 4892-4:1994, Plasﬁ—% ods of exposure to laboratory light sources — Part 4: Open-flame
carbon-arc lamps. EQ_"L"-

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

CIE Publication No. 85:1989, Solar spectral irradiance.

3 Terms and definitions
For the purposes of this part of ISO 4892, the following terms and definitions apply.

3.1

control

(weathering) a material which is of similar composition and construction to the test material and which is
exposed at the same time for comparison with the test material

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

© BSI 17 September 2001 1
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3.2

file specimen

a portion of the material to be tested which is stored under conditions in which it is stable and is used for
comparison between exposed and original state

3.3
reference material
a material of known performance

3.4

reference specimen ,%-E\%, A5
a portion of the reference material that is to be exposed H}(‘i 3

i\ o™
4 Principle "&'}"'" 'i\L‘

Specimens of the samples to be tested are exposed to lzﬁg‘gﬁib’ry light sources under controlled
environmental conditions. The methods described include means which may be used to measure irradiance
at the face of the specimen and r%nt epr.a_.ure and procedures for measuring the temperature of
specified white and black p ““Q;

4.1 Significance 'S}}ul\ 1 -,hf..";:':l'l
4.1.1 When conductin I@l?.'ﬂ‘osures in devices which use laboratory hght sourc t’%}mpo tant to consider
how well the accel&t‘hﬁed test conditions simulate the actual-use enviro gﬂh‘S‘tlc being tested.
In addition, it is essential to consider the effects of variability in both %Eﬁ%‘e r@.ﬁé test and actual
exposures when setting up exposure experiments, and when interpreting ﬁb o sults from accelerated
exposure tests. .“__\. g

4.1.2 No laboratory exposure test can be specified as a total snﬁf}latmn 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 ra orrelatk(_m has been established for the specific materials being

tested and when the type and m f‘t adatlon are the same. The relative durability of materials

in actual-use conditions can m‘m #bht in different locations because of differences in UV radiation,
','n,,fb

time of wetness, relative hu perature, pollutants and other factors. Thereforeg.even if results

from a specific exposure tesb.kqg) ucted in accordance with ISO 4892 are found to, 1 f(‘)éfthlhbarmg
the relative durability @h"a"temals exposed in a particular environment, it ¢ %Luﬁ‘é that they
will be useful for determining the relative durability of the same materials ﬁi- 1fﬂkq.qeﬁt environment.

4.1.3 Even though it is very temptmg, calculation of an “acceleration fact ]Et,,:nb’ﬁtlng ‘¢” hours or
megajoules of radiant exposure in an accelerated laboratory test to “y” rfm& s or years of actual exposure
is not recommended. These acceleration factors are not valid for several reasons.

a) Acceleration factors are material- dependent and can be significantly different for each material and
for different formulations of the same m L.

b) Variability in the rate of degra gt‘h\ﬂbtual use and accelerated laboratory exposure tests can
have a significant effect on the siéceleration factor.

c¢) Acceleration factors calculat, 1b"a§ed on the ratio of irradiance between a laboratory light source and
daylight (even when 1dentldﬂ andpasses are used) do not take into consideration the effects of temper-
ature, moisture and differences in spectral power distribution between the laboratory light source and
daylight.

NOTE If use of an acceleration factor is desired in spite of the warnings given in this standard, such acceleration factors for a
particular material are only valid if they are based on data from a sufficient number of separate exterior or indoor environmental tests
and accelerated laboratory exposures so that results used to relate times to failure in each exposure can be analysed using statistical
methods. An example of a statistical analysis using multiple laboratory and actual exposures to calculate an acceleration factor is
described by J.A. Simms, in Journal of Coatings Technology, Volume 50, 1987, pages 45-53.

2 © BSI 17 September 2001
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4.1.4 There are a number of factors that may decrease the degree of correlation between accelerated tests
using laboratory light sources and exterior exposures (more specific information on how each factor may
alter the stability ranking of materials is given in Annex A):

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

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

d) specimen temperatures higher than those in actual co ngltlons
e) exposure conditions that produce unrealistic te flces between light- and dark-col-
oured specimens; f"- {ﬂ\

) exposure conditions that produce very frequent qegc'lfﬁg between high and low specimen temperatures,
or that produce unrealistic thermal shock; ".'c,'-.,

g) unrealistically high or low levels of mogq':hure
h) the absence of %cal ai;gfpts or pollutants.

4.2 Use of e@;t‘b‘bts with laboratory light sources

4.2.1 Result Eccelerated exposure tests conducted in accordanc th this standard are best used to
compar%1 ]qv!s ative performance of materials. A common apph at‘@% q_'ﬁests conducted to establish
that the‘level of quality of different batches does not vary f; qu?ﬁs of rol material of known

performance Comparisons between materials are best rna he 'ﬂfe materlals are tested at the same
time in the same exposure device. Results can be expressed 'b‘o-'fnparlng the exposure time or radiant
exposure necessary to reduce the level of a charactemstk@}bperty to some specified level.

4.2.1.1 It is strongly recommended that at least one control material be exposed with each test for the
purpose of comparing the performance of the test materials to that of the control. The control material
should be of similar co n an hb'nstructlon and be chosen so that its failure modes are the same as
that of the material ﬁl el\"iff 1s preferable to use two controls, one with relatively good durability
and one with re}gﬁk }%go,ﬁ.‘ﬂurablhty

4.2.1.2 Sufficien bhcates of each control material and each test mater@.ﬁg e a,‘lﬁa'ted are necessary
in order to aﬂk@ statistical evaluation of the results. Unless othe cifi se a minimum of three
replicates for all test and control materials. When material prop Qu:n asured using destructive
tests, a separate set of specimens is needed for each exposure per: qud{"{'i

4.2.2 In some specification tests, test materials are exposed m{he 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 materialgit may t be sensitive to exposure stresses which produce failure in
the test material, or it may b “to an exposure stress that has very little effect on the test
material. The variabilit e reference material may be much different than that for the test
material. All these dif '-,hbtween the reference material and the test material can produce
misleading results. EQ_"L

NOTE Definitions of 'é',;hgol 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 Light source

5.1.1 The exposure device shall provide for placement of specimens and any designated sensing devices in
positions that allow uniform irradiance from the light source.

© BSI 17 September 2001 3
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5.1.2 Exposure devices shall be designed such that the irradiance at any location in the area used for
specimen exposures is at least 70 % of the maximum irradiance measured in this area. Procedures for
measuring irradiance uniformity are found in Annex B.

NOTE The irradiance uniformity in exposure devices depends on several factors such as deposits which can develop on the optical
system and chamber walls. In addition, irradiance uniformity can be affected by the type and number of specimens being exposed.

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 location within the exposure area is at least 80 % of the maximum irradiance.

5.1.3 If the irradiance at any position in the area used for specimen exposure is at least 90 % of the
maximum irradiance, periodic repositioning of the specimens during exposure 1s not necessary.

NOTE While not required in devices meeting the irradiance uniformity requirem .3, pe{ql(_ﬂlc specimen repositioning is a
good practice to ensure that all specimens receive the same level of all exposur&

5.1.4 If irradiance at any pos1t10n in the area used for specfrg%a s.h‘fe 1s between 70 % and 90 % of the
maximum irradiance, specimens shall be periodically reposm urlng the exposure period to ensure
that each receives an equal amount of radiant exposur%h epos1t10n1ng schedule shall be agreed upon
by all interested parties.

5.1.5 Follow the apparatus m %urer s:.fh'%tructlons for lamp and filter replacement and for pre-ageing
of lamps and/or filters. ﬁ 'Cl-“

5.1.6 CIE Publication -I%(}"' ‘%19'8‘9 provides data on solar spectral irradiance for typical atmospheric
conditions, which can b aded as a basis for comparing laboratory light sources hﬁpyh t. For example,
global solar 1rradlem'bg' in the 300 nm to 2 450 nm band is given as 1 090 r a r Ve air mass of 1,
with 1,42 cm of precipitable water and 0,34 ¢cm of ozone (measured at i?. re.,_qf'* atmosphere and a
temperature of 0 °C). Table 1 shows a broadband condensed spectral 1 qm"e for global solar radiation

at these atmospherlc conditions in the UV, visible and infrared reg e spectrum. This represents
the maximum global solar irradiance that would be experlenceg' aterlals exposed on a horizontal
surface at the Equator near noon on a clear day at the spring or autumn equinox.

Table 1 — Spectral global i 1rra % ce (condensed from Table 4 of CIE Publication No. 85:1989)

Wavelength q'\i-' Percent of total Percent of UV and visible
nm "_! .ﬂ‘ﬂ‘x?i 300 nm to 2 450 nm 300 nm to 800 nm
300 to 320 ﬁLx"l& 1 0,4 0 Gﬂ’iﬁ. L“_'I._"‘l
320to 360 t;\lil‘l " 28,5 2,6 ﬂ
360 to 400 42,0 3,9 3 ast
300 to 400 74,6 6,8 ,é,@\
400 to 800 604,2 55,4 o8
300 to 800 678,8 62,2 W 100,0
800 to 2 450 411,6 37,8 —
300 to 2 450 1090,4 100, O —
5.1.6.1 Direct radiation from xenon bur % q‘ carbon arcs and some fluorescent lamps contains
i0let radiation not present in daylight. With proper

considerable amounts of short-wav eRZ{t‘ ltti
selection of filters for these hght S much of the short-wavelength light can be eliminated. However,
some filters allow a small, but s1gn‘ 91% amount of this short-wavelength (less than 300 nm) radiation
through. Fluorescent lamps caﬂib‘b selected to have a spectral output corresponding to a particular
ultraviolet region of daylight. The xenon arc, when appropriately filtered, produces radiation with a
spectral power distribution that is a good simulation of average daylight throughout the UV and visible
region.

5.1.7 A radiometer which complies with the requirements outlined in ISO 9370 may be used to measure
the irradiance E or spectral irradiance EA and the radiant exposure H or spectral radiant exposure HA on
the specimen surface.

5.1.7.1 If used, the radiometer shall be mounted so that it receives the same radiation as the specimen
surface. If it is not positioned in the specimen plane, it shall have a sufficient field of view and be calibrated
for irradiance at the specimen distance.

5.1.7.2 The radiometer shall be calibrated in the emission region of the light source used. Calibration shall
be checked in accordance with the radiation measuring instrument manufacturer’s instructions. A full
calibration of the radiometer shall be conducted at least once per year by an approved, accredited
laboratory. More frequent calibrations are recommended.

4 © BSI 17 September 2001
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5.1.7.3 When measured, the irradiance in the wavelength range agreed upon by all interested parties shall
be reported. Some types of apparatus 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 bandpass centered around a single
wavelength (e.g. 340 nm).

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 tem re of individual test specimens, a specified
black-panel sensor is used to measure and control th t‘%p tu ex"&h'hln the test chamber. It is strongly
recommended that the black-panel temperature may ed on a support within the specimen
exposure area so that it receives the same radla erlences the same cooling conditions as a flat
test panel surface using the same support. The b ck‘@‘anel may also be located at a fixed distance from the
light source different from that of the test spgdirdens 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 thedpecime ay not indicate temperatures representative of the test specimens,
even if it is caliby xﬁ:lntemperature at positions within the specimen exposure area, due to
differences j fléﬂﬁ n eﬁqé}t‘y and movement of air.

5.2.2 Two ty, eqb’i’.ﬂack panel temperature sensor may be used:

5.2.2.1 B?ﬂd‘ck standard thermometers, consisting of a plane )ﬁ ‘el plate with a thickness of
about 0,5 mm. A typical length and width is about 70 mm @m ‘N‘Pe surface of this plate facing the
light source shall be coated with a black layer which has goo rgif'tance to ageing. The coated black plate
shall absorb at least 90 % to 95 % of all incident flux to i&[ﬂ’lm A platinum resistance sensor shall be
attached in good thermal contact to the centre of th 14té on the side opposite the radiation source. This
side of the metal plate shall be attached to a 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 di betw. the sensor and this recess in the PVDF plate shall be about 1 mm.
The length and widt Fm A ‘plate shall be sufficient so that no metal-to-metal thermal contact exists
between the bla wetal plate and the mounting holder into which it is fitted. The metal mounts of
the holder of the fisudated black panel shall be at least 4 mm from the f the m tal plate.
Black-standa d‘jthbrmometers which differ in construction are permi 'ﬁ qﬁ"bhe temperature
indicated by‘é‘le alternative construction is within +1,0 °C of th spei;_lﬁé construction at all
steady-state temperature and irradiance settings the exposure d s"@&pable of attaining. In addition,
the time needed for an alternative black-standard thermometer %qlltgach the steady state shall be

within 10 % of the time needed for the specified black- stand ermometer to reach the steady state.

5.2.2.2 Black-panel thermometers, consisting of a plane (flat) metal plate that is resistant to corrosion.
Typical dimensions are about 150 mm long, 70 mm wide, and 1 mm thick. The surface of this plate that
faces the light source shall be co wit 1;i\ﬁglack layer which has good resistance to ageing. The coated
black plate shall absorb at % of all incident flux to 2 500 nm. A thermally sensitive element
shall be firmly attach llajir'\‘eIL of the exposed surface. This thermal sensitive element can be a
black-coated stem-type Q._t‘b.‘ﬂlc dial sensor or a resistance sensor. The back of the metal panel shall be
open to the atmosph%ﬁw}t in the exposure chamber.

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
test chamber. Black-panel temperatures generally correspond to those for dark coatings on metal panels.
Black-standard thermometer temperatures generally correspond to those for the exposed surface of dark
samples with poor thermal conductivity. At conditions used in typical exposure tests, the temperature
indicated by a black-standard thermometer will be 3 °C to 12 °C higher than that indicated by a black-panel
thermometer. Because black-standard thermometers are insulated, their response time for temperature
changes is slightly slower than for a black-panel thermometer.

5.2.3.1 At low irradiance levels, the difference between the temperature indicated by a black-panel or
black-standard thermometer and the real specimen temperature may 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.
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5.2.4 In order to evaluate the range of surface temperatures of the exposed specimens and to better control
the irradiance or the conditions in the apparatus, the use of a white-panel or white-standard thermometer
is recommended, in addition to the black-panel or black-standard thermometer. 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 use of a white coating with a good resistance to ageing. The
reflectance of the white coating between 300 nm and 1 000 nm shall be at least 90 %, and at least 60 %
between 1 000 and 2 500 nm.

5.2.5 Exposure devices shall be able to control the temperature of the black or white temperature sensor to
within +3 °C of the desired temperature. They shall be designed such that the temperature of a black- or
white-panel temperature sensor placed anywhere within the speci osureyayea is within +5 % of the

desired Celsius temperature. }L “1*3\
1I.

5.2.6 The test report shall indicate whether a black- standar‘ﬁ-bi‘ bl qk:-banel thermometer was used. If any
thermometer used (black or white) is not positioned in the spﬁq!ﬁen exposure area, its exact position shall
be described in the test report. 1;-]\

5.3 Humidity and wetting

5.3.1 The presence of moi %ﬁ' Y;f in the form of condensation on the exposed face of the
spec1men may have a géﬁan 'eff"éct in accelerated laboratory exposure tests. Any apparatus operated
in accordance with thl 11"‘!5[ which attempts to simulate the effects of moisture shall have means for
providing moisture to bc mens using one or more of the following methods: "ﬁ,

S
ki "L
a) humidification of the chamber air; 1;"-.,1-.};{- ‘1._1“1'
b) formation of condensation; -\
=%
c) water spray; ,::p‘_‘-’.""'l|L
wo

d) immersion.

to remove cations, anions, organic P lajafular silica, exposed specimens will develop spots or stains

5.3.2 The purity of the water used for spgaying t}ke_.spemmens 1s very 1mportant Without proper treatment
that do not occur in extemor mﬁﬁiﬁ strongly recommended that water used for specimen spray

contain a maximum of 1 ug "%nd a maximum of 0,2 Ug/g of silica. Distillation, combination of
deionization and reverse osrnhqg'lé can effectively produce water of the desired puri wateyarsed for
specimen spray contai ‘;ﬁﬂ)"re than 1 pg/g of solids, the solids and silica leve ﬁ‘d
Recirculation of water used for specimen spray is not recommended and sh bﬁ{lo'h unless the

recirculated water meets the purity requirements listed above.

5.3.3 If specimens are found to have deposits or stains after exposure, th'QMater purlty 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 contamination is detected, the entire system used for specimen water spray shall be flushed
with a chlorinating solution such as sodj, %pcbuﬁ and thoroughly rinsed prior to resuming
exposures. L'?‘“ t ‘1\1

5.3.4 Although conductivity does r‘%b’a}y%}ys correlate with silica content, it is recommended that the
conductivity of the water use afg i’p’émmen spray be continuously monitored and that exposures be stopped
whenever the conductivity is @Bove 5 pS/cm.

5.3.5 All components of the specimen spray unit shall be fabricated from stainless steel, or some other
material that does not contaminate the water with materials that 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
requirements.

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.
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5.4.1.2 In devices where chamber air temperature is controlled, temperature sensors, shielded from direct
radiation and 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 intervals
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 mechanical device to programme intervals with or without radiation.

register or record the following operating parameters: >

5.4.2 To fulfill the requirements of particular test procedurei%tlhe apparatus may need to provide means to
1*3‘11-

I ; X, Ay
a) the line voltage; ‘&E'-%Jh" 5\{“
b) the lamp voltage; < AL
c¢) the lamp current; 1.'_'5".""""

d) the temperature indicated by any uninsulated or insulated black- or white-panel thermometer;
e) the test ch mlﬁ: i{qp&‘a‘%ure;

) the rel i}l‘ﬂr&}d&ﬁ}'f%f the test chamber;
g) the detﬁi@;&any water spray cycle;

s
h) th&;'pc:ectral irradiance and the radiant exposure; E(ﬁir “ﬂ:'ﬂ‘"
1) the duration of exposure (radiation time and total, if d@fe%t.),"l‘fﬂ
. o
6 Test specimens aet
Wo

6.1 Form, shape and preparation

6.1.1 The methods used for prepagation of test specimens can have a significant impact on their
apparent durability. % ' the'Hhethod used for specimen preparation shall be agreed upon by the
interested parti L'. ou L{_ﬂ‘-b\ferably be closely related to the method normally used to process the
material in typicél’dpplidations. A complete description of the method used. the pregflration of test
specimens shal‘ljbgjhlqﬁuded with the test report. . ﬁ., ﬂ\tﬂt

6.1.2 The dig‘el;nsions of the test specimens are normally those sp‘%ﬁ%&‘m t.}.lé;%)propriate test method for
the property or properties to be measured after exposure. When t ef@ﬁh‘\}ibur of a specific type of article
is to be determined, the article itself should be exposed wheneve,;:ﬁi‘é sible.

6.1.3 If the material to be tested is an extrusion- or moulding-grade polymer in the form of granules, chips,
pellets or some other raw state, specimens to be exposed shall be cut from a sheet produced by the
appropriate method. The exact shape and dimensions of the specimens will be determined by the specific
test procedure used for measu r%_; of ‘gkﬁi—'ﬁroperty of interest. The procedures used to machine or cut
individual test specimens fj SHeet or article may affect the results of the property measurement,
and hence the appare ] 13;}1'0 the specimens. For preparation of test specimens, the procedures
described in ISO 293, I1l|l , IS0 294-2, IS0 294-3, ISO 295, ISO 2557-1 and ISO 3167 have been found
to be satisfactory. "'-.‘:"ut

6.1.4 In some cases, individual specimens used for property measurement may need to be cut from a larger
specimen which has been exposed. For example, materials that delaminate at the edges may be exposed in
the form of larger sheets from which individual test specimens are cut after exposure. The effects of any
cutting or machining operation on the properties of individual test specimens are usually much larger when
the test specimens are cut from a large piece after exposure. This is especially true for materials that
embrittle on exposure. Follow the procedures described in ISO 2818 for preparation of test specimens by
machining. Only cut individual test specimens for property measurement from larger specimens that have
been exposed when this preparation procedure is specifically specified.

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

6.1.5 When comparing materials in an exposure test, use test specimens that are similar in dimensions and
exposed area.
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6.2 Number of test specimens

6.2.1 The number of test specimens for each set of test conditions or exposure period shall be that specified
in the appropriate test method for the property or properties to be measured after exposure.
NOTE For the determination of mechanical properties, it is recommended that the number of test specimens exposed be twice that

required by the relevant International Standard (due to the large standard deviation known to occur in measuring the mechanical
properties of “weathered” materials).

6.2.2 If the test method used for property measurement does not specify the number of test specimens to
be exposed, it is recommended that a minimum of three replicate specimens of each material be prepared
for each exposure stage.

%. S
6.2.3 When destructive tests are used to determine the proper. ﬁiﬂgﬁg mﬁsﬁ}td, the total number of test
specimens required will be determined by the number of exp‘& R%f.;g_dé"used and whether unexposed file

specimens are tested at the same time as exposed specimens. 0

1

et
6.2.4 Control materials of known durability should prefh‘égﬁy 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 labora omparigens are made, it is necessary for all the interested parties to
agree on the control materi N edvThe number of specimens of the control material should

tgat u&qﬂ%
e

preferably be the same%iﬁﬁl : r test materials.

6.3 Storage and cond&tﬂi_ﬁﬂ‘ing

6.3.1 If test and/or@‘}gerence specimens are cut or machined from large )i(g ; h?ﬁﬁh‘l be conditioned,
after preparation, in accordance with ISO 291. In some circumstancesﬁ?? y h@,‘i‘é essary to precondition
the sheets prior to cutting or machining to facilitate specimen preparat_iﬁmﬂ'

'y
6.3.2 When using tests to characterize the mechanical propertie qﬁtl&é’ materials being exposed, specimens
shall be appropriately conditioned before all property measure%ents. 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 h%nger han that specified in ISO 291, particularly where

specimens have been exposed tiﬁ.ﬁqt J ﬁ%‘t“b es.
@

6.3.3 File specimens shall b’g‘%to Qﬂfi‘ﬁle dark under normal laboratory conditions, preferably in one of
the standard atmospheres %‘@'ﬁ‘h ISO 291. Tl +|1___.,|I~."l..""'

Q0 A3
6.3.4 Some materials W}ﬂ"change colour during storage in the dark, particuﬁ}&ter m{éé}ﬂering. It is
. . } . 5
essential that colour measurement or visual comparison be carried out as so a,wkgg,lble after exposure
once the exposed surface has dried. ﬂﬁlﬁi

7 Test conditions and procedure

7.1 The conditions and procedures for the exposure test depend upon the particular method selected. Refer

directly to the appropriate part (part 2, 3 o %’f 18%1&92.

=
7.2 Follow the procedures describe 4 ﬂﬂ?measuring properties of test specimens before and after
exposure and for expressing the ¢ ip"nf?‘roperties after exposure. Refer to the relevant International

Standard for the specific procedulﬁgﬁ&ﬁfollow for measuring specimen properties.

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

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

7.2.2 If destructive tests are used to measure properties of the materials being tested, separate sets of test
specimens will be needed for each exposure period. The property is measured on each set of exposed
specimens. The value of the property after exposure may be compared to that obtained prior to exposure.
Alternatively, the property can be measured on a separate set of file specimens at the same time as the
property of the exposed specimens is measured. The results for the file specimens and from the exposed
specimens can then be compared.
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8 Precision and bias

8.1 Precision

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. S
%
ﬁei

8.1.1.1 If a standard or specification for general @,‘tﬂ*ﬁnite property level after a specific time
or radiant exposure in an exposure test conductﬁ& ¢4 pdance with this practice, the specified property
level shall be based on results obtained in a rou %—i;dbin that takes into consideration the variability due
to the exposure and the test method used t Iis re the property of interest. The round-robin shall be
conducted in accordance with the relevant Ihternational Standard for conducting round-robin exposures

and shall include a st:ag%tically ]%e;)resentative sample of all laboratories or organizations which would

normally conduct, iw@ﬁ d property measurement.

wh o . . -
8.1.1.2Ifa 5& ag ﬁ‘épemflcatlon for use between two or three parties requires a definite property level
after a specilic ith i

or radiant exposure in an exposure test conducted ccordance with this practice, the
specifie ..Pg@"érty level shall be based on statistical analysis of re m_gteleast two separate,
independent exposures in each laboratory. The design of the eht ﬁ&ﬁo determine the specification
shall take into consideration the variability due to the exp a;_aidx'cﬂ"e test method used to measure the
property of interest. <P L\ LE

8.1.2 The same round-robin studies cited in 8.1.1 d ';"t‘fated that the gloss values for a series of
materials could be ranked with a high level of reproducibility between laboratories. When reproducibility
in results from an exposure test conducted in accordance with this standard have not been established
through round-robin testi %_erfor gnce requirements for materials shall be specified in terms of
comparison (i.e. ran i’{:ﬁ 'C qm‘f) material. Specimens of the control material shall be exposed
simultaneously -{f\k“& te_g;ﬂs ecimen(s) in the same device. The specific control material used shall be
{Iﬁe'if?sted parties.

agreed upon by t 3
A€ . ﬁ-}‘ﬁ‘ e
8.2 Bias 1r':..,“lh'il" \_{ﬂ‘“
Bias cannot be determined because no acceptable standard weat %n_ﬁ k8ference materials are available.
&
9 Test report ,L,p,‘ﬂ"}"

The test report shall contain the following information:

9.1 Specimen description S
a) A full description of th sﬁ{}ﬁ%ﬁﬁh their origin.
b) Compound detaﬂsﬁﬁ# '

¢) A complete descri@@ﬂf"’bf the method used for preparation of the test specimens.

A .
NOTE If exposure te&g‘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.

-‘1 .
€ 4nd temperature where appropriate.

D 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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9.2 Description of exposure test conducted in accordance with part 2, 3 or 4 of ISO 4892, including:
a) A description of the exposure device and light source, including:
1) the type of device and light source;
2) a description of the filters used,;

3) if required, the irradiance at the specimen surface (including the bandpass in which the radiation
was measured);

4) the number of hours that the filters and the light source had been used prior to beginning the expo-
sure.

%, S
b) The type of black- and/or white-panel temperature sensor g@ t}i@&gct position of the sensor if
it was not located in the test specimen exposure area. ‘.&'}u A

¢) If required, the type of instrument used to measure th Eqﬂi 1ty.

d) A complete description of the exposure cycle used,".:iﬂlﬁuding the following information for each light
and dark period:

1) the mean and the tolqre_;ﬁ‘e&%nit%@itﬁe temperature recorded by the black-panel temperature sen-
sor used; 511 AL
2) the mean and th %l,.qfhﬂ'ce limits for the relative humidity of the air passing over the test speci-
mens; A "ﬁ; g

1-?1':" . . v iﬁ' 41‘-'
3) for tests whith include a water spray period, report the duratlongglﬁgwate{ﬁ‘d?ay and whether the

water was sprayed on the exposed face, the back or both surfaces e s;ié':}mens; if the total solids
of the water used for the spray is greater than 1 ug/g, report the tqh@l‘bﬂlids and the silica content;

. . L . .
4) for tests where water is condensed on the specimens, rewghe length of the condensation period;
5) the length of each light and dark period.

e) A description of the method use %\ount fiffe specimens in the exposure frame, including a descrip-
tion of any material used as }i?g_. a ghél‘%st specimens.

; i
1

f) The procedure for test Qﬁ@‘positioning, if used. )
g) A description of the {%ﬁﬂﬁ&er used for measuring the light dosage, if used.. ﬁ.ﬁ' ﬁ‘tﬁu‘
9.3 Test results. ™ @u \\‘i‘jﬂ

a) A complete description of the test procedure used for measurement of a&nﬁ%perties reported.
b) The results, presented in accordance with ISO 4582, and includingﬁhﬂ

1) the results from property measurements on the test specimens;

2) the results from property measurements on con{gol specimens;

3) the results from property meaﬁ%‘% _ﬂq{xﬁgexposed file specimens, if determined,;

4) the exposure period (either%_% ii{)ﬁ‘iﬁkhours, or the radiant energy in J-m~2 and the bandpass in
which it was measured). {'u"-:": L
0

9.4 The date of the test. t“"
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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 Differences between the spectral distribution of the laboratory light source and that of
daylight

Exposures at shorter-than-normal wavelengths are often used to obtain faster failure rates in accelerated
laboratory exposure tests. For outdoor exposures, the cut-on for short-wavelength UV radiation is generally
considered to be about 300 nm. Exposures to UV radiation avelengths less than 300 nm may produce
degradation reactions which do not occur when the matgis usedwdttdoors. If a laboratory light source
used in an accelerated test produces UV radiatio e ﬁhﬂ"sﬁmrter than that found in the actual-use
conditions, the mechanism of degradation and t ahlill_ilt-}!'-ranking of the materials tested can be
dramatically different in the accelerated test. L.“"-“

It may not be necessary to simulate daylighﬂb@e‘?r the entire spectrum, if radiation in a specific region is
known to produce the type of degradation of interest in the materials being tested. However, laboratory
light sources which, ver, StTong emission in a narrow band relative to the rest of the ultra-violet or
visible spectru (v u\sﬁ\h'*particular reaction to be favoured relative to others which may be very
important. ShE ehqﬁ.ﬁg t source may also not produce changes caused in exposures to daylight.
Exposures td1ight sources which only produce ultraviolet radiation maygot produce the colour fade caused
by Visibleééaﬁfaiion, and may cause polymer yellowing that is movgﬁf%mn than that produced in

exposures to daylight. }\}(__ ,ﬂ:\"" ’
i L
A.2 Light intensities higher than those experienced i afiﬁlﬂi-use conditions

Light intensities higher than those experienced in actua \_@é“éonditions are typically used in exposures to
laboratory light sources in order to accelerate degrat}.ﬁ.ﬁ"on. There are several reasons why the use of
abnormally high irradiance can change the mechanism of material degradation relative to the conditions
found in an actual-use envirgnment (since some materials are more sensitive to changes in light intensity
than others, the use of ﬁﬁ%lly&ﬁ%ﬁ irradiance can alter the stability ranking of the materials).

S

. 3L . . . .
a) In exterior %)ﬁ&l II‘;‘Iq_cg'lf;"rl'hers in an excited state caused by absorption of a high-energy photon will
y. e

typically deca the'giound state before absorbing another high-energy ton. However, in exposures
to laboratory light ources producing an abnormally high light flux, thek f }Ev't'b'ﬁ absorption is so
high that ﬂ'ﬁlé:inaterial will often absorb a high-energy photon “%e:i%it S :cz‘tl_j'ilhiﬁ n excited state.

b) Free radicals are often formed in materials exposed to ultraviole fg’i’}? Reactions leading to
degradation occur when the free radicals interact with the m t@g\ﬁl. ree radicals can also recombine
with other free radicals in reactions that do not lead to degpafation. 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 sometiﬁibecon@_ﬂate-limiting in polymer oxidation processes where
abnormally high irradia c.eﬁ;'\ ':!]lly high specimen temperatures) are used for test acceleration.
This can produce dif: 1 .\_ﬂh‘a‘ mechanism of degradation reactions and may cause an abnormal
ratio of surface to bullkféxidéfion, which could result in unnatural colour shifts or physical-property
changes. uﬁt‘.‘-"‘

ﬂ‘
A.3 Continuous exposure to light from a laboratory light source without any dark periods

Continuous exposure to light from laboratory light sources is often used in order to achieve accelerated
degradation relative to actual-use conditions. However, continuous exposure to light may eliminate critical
dark reactions that occur in outdoor exposures or indoor-use conditions where there are regular periods
without light.
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A.4 Specimen temperatures that are abnormally high relative to actual-use conditions

Temperatures higher than those experienced in actual-use conditions are often used to obtain faster
degradation in accelerated laboratory tests. Some plastics are much more susceptible to degradation due
to thermal effects than others. For materials that are subject to the same rate and type of
photodegradation, exposures at abnormally high temperatures may make a temperature-sensitive
material appear to be less durable than a less temperature-sensitive material. In addition, exposures of
polymers at temperatures above their glass-transition temperature can dramatically alter the mechanism
of degradation and the stability ranking compared to exposures conducted at a temperature below the
glass-transition temperature. The black-panel temperature used in an accelerated laboratory test should
be maintained in a reasonable range, which is usually no higher tha t%ylaxil}&gn observed for the black

panel in actual-use conditions. Lt

i T Li(_. o .
A.5 Exposure conditions that produce unreahstlcall‘&.:la gﬁ-\%perature differences between
light- and dark-coloured specimens .,:‘I.'“

Some laboratory light sources produce large amounts of?hﬂ%red radiation. In order to prevent overheating
of the specimens, the infrared radiation can be reduced by using infrared-absorbing or -reflecting filters, or
by passing large amounts of air h the gpecimen chamber to cool the specimens. If measures to control
the amount of infrared radjeti@ikreachun ‘ﬁle specimens being exposed are not sufficient, the temperature
differences between li dg daﬁﬂ&-‘to oured specimens of the same material can be much larger than
would be seen in naturd? expo ires.

=%
Some laboratory li%lqlf_‘é}!trces produce very little infrared radiation. When t}q&,ﬁ@ qﬁ'ivaboratory light
source are used, thé difference between dark- and light-coloured speci@ﬁ}&nax lqlq\k‘ruch less than that
found in outdoor exposures. 1_;.“1"

A.6 Temperature-cycling conditions that are different fro%ﬁ‘ﬁ%e found in actual-use condi-
tions *I::-."I.'L

Abnormally high temperature-cycling frequencies can produce mechanically induced cracking or other
types of degradation not seen in expos underLuse conditions. Exposure devices which spray specimens
with water when the light sourc _iﬂ}? dhce an abnormally rapid change in temperature that may
also produce cracking not pr \lg&l 1l .E_Ig&.\ﬁse environment.

Moisture is very imporm‘h@‘}n producing degradation of many polymers. If t E@ﬁgf'ure, or the
way in which specimens are exposed to the effects of moisture in an accelerat test, differs from
that in the actual-use environment, the mechanism and rate of degradation %ﬂvery different. This can
have a significant effect on the stability ranking of the materials. wﬂ"-

A.7 Unrealistically high %%ﬂl-pw‘lg\;els of moisture m"ﬁ‘ 1.\,1"'-':"
a\gbjnt 0
ﬁﬂ olﬁka.ﬁﬁéy

A.8 Absence of biological agents and pollutants

Plastic materials exposed in warm, wet locations are often subject to significant growth of biological agents
such as fungi, bacteria and algae. Pollutan %sen in“many exterior environments have a significant
effect on the mechanism and rate of ﬁ@ { -@if‘éome plastics. If these effects are not included in an
accelerated laboratory exposure tﬁa m.e_,t:h§nism and stability ranking of the materials may be
significantly different from that fo xuﬂgiterior exposures.

t&“&c
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Annex B (normative)

Procedures for measuring the irradiance uniformity in the specimen exposure
area

B.1 In devices that use a drum to hold the specimens and rotate them around a light source, measure
irradiance at a position in the specimen drum that is closest to the light source (position A in Figure B.1)
and at two positions within the specimen drum that are farthest from the light source (position B) in
Figure B.1. The relationship between the irradiance at position B relative to the irradiance at position A

shall be as follows:
ﬁ % S
& ﬂ\"l-
g‘il"*-t' -ﬁ“"ﬁ
! w?
aet

'ﬁ;-hﬂ

B

5 B
a) Fi Q.Q'B:‘Um
R o
'SE:;'; -wﬁ“ b) %:ted specimen drum
<Y G
Figure Pﬁ]&lﬂ Measurement of irradiance in devices usit@%ﬁo 1%gisﬂggimen drum
—w : o T DS -
B.2 In devices where specimens are positioned in a flat plane in f; }R of ql-uh'g'%i source, measure irradiance
at a position in the specimen plane that is closest to the light sou@@g{ﬁbsition X in Figure B.2) and in two

opposite corners of the plane where test specimens are place@;(,pb tion Y in Figure B.2). The relationship
between the irradiance at position Y relative to the irradiance at position X shall be as follows:

1;'."

ae’]

o

: y

Figure B.2 — Measurement of irradiance uniformity in devices with a flat specimen plane
(shaded areas indicate light sources)

© BSI 17 September 2001 13



EN ISO 4892-1:2000

B.3 Ifthe design of the device is such that the maximum irradiance may not be at the centre of the exposure
area, or that the minimum irradiance may not be at the position farthest from the centre, the actual
maximum irradiance shall be used for E4 or Ex and the actual minimum irradiance shall be used for Eg or
Ey in the equations in B.1 and B.2. Additional measurements of the irradiance at other positions within
the exposure area may also be made. In all cases, however, the irradiance measured at these positions shall
be at least 70 % of the maximum irradiance.

B.4 As an alternative to irradiance measurements, uniformity of irradiance may be determined by use of
reference materials. The change in the characteristic property of the reference material shall be a known
function of the radiant exposure (preferably linear) and should preferably not show an induction time with
little change in the property as a function of radiant exposure. Fig %is a typical plot of measured
property as a function of radiant exposure for acceptable and uqﬁ lﬁ{@fﬁence materials. When
reference materials are used, all specimens shall be from thg%ji lotg%pose reference material
specimens at the centre of the exposure area and at position Hdat from the centre. All specimens shall
be exposed at the same time. Expose the reference specimenguntil there is a measurable change in the
characteristic property being monitored. The change inﬁtﬂ\@measured property of the reference material at
positions farthest from the centre shall be at least 70 % of the change measured on the specimen exposed

t th tre. 5
at the centre . ;E"&%’ Eﬂ".
a C

NOTE Actual measurement, ] "I%}eferred over the use of reference materials because differences in property change

between reference material ] elﬁ qe!'p'ro ed at the extremes of the exposure area and those exposed at the centre may be
significantly affected by differéncegyi .Ifemperature and/or moisture conditions as well as differences ingrradiance.
& .
o SR
i <\ }%(‘ et

o AR
. \1'-""

AT .
75{3}::1\‘-‘"1 Radiant exposure (arbitrary units)
e
Key *.,‘u"k‘:'ﬂh
1 Unacceptable
2 Acceptable

Figure B.3 — Typical plot of measured property for a reference material showing a
linear change with radiant exposure and for a material that shows an induction period
before any measurable property change
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Annex ZA (normative)
Normative references to international publications with their relevant
European publications

This European Standard incorporates by dated or undated reference, provisions from other publications.
These normative references are cited at the appropriate places in the text and the publications are listed
hereafter. For dated references, subsequent amendments to or revisions of any of these publications apply
to this European Standard only when incorporated in it by endment or revision. For undated references
the latest edition of the publication referred to applies g aqz!endments)

NOTE Where an international Publication has been modlﬁﬁfﬁ-}‘| monfﬂ\fi}lcatlons, indicated by (mod.), the relevant EN/HD
applies.

'l.-
Publication Year Title mﬂ‘} EN Year
ISO 291 1997 Plastics — Standard atmospheres for conditioning EN ISO 291 1997
“%’andéf&'ﬁhg
ISO 294-1 stlcs Injection moulding of test specimens of EN ISO 294-1 1998
uf-" thermoplastic materials — Part 1: General
0 prmczples and moulding of multipurpose
ﬁ_’n’.’-
test specimens ‘gi‘ oY ﬁ.."'
ISO 294-2 1996 Plastics — Injection moulding of }‘3;% of EN ISO 294-2 1998

thermoplastic materials — Part 2°Smelb nszle

ISO 294-3 1998 Plastics — Injection moulding o3t specimens of ENISO 294-3 1998
thermoplastic materials —1;% 3: Small plates

ISO 295 1991 Plastics — Compression moulding of test specimens EN ISO 295 1998
of rmoseé %ng materials
ISO 2818 1994 reparation of test specimens by EN ISO 2818 1996
ning
ISO 3167 {gqgstzcs — Multipurpose test specimens \%N ISO, 3:_167 1996
ISO 4892-2 1{" ﬁ'&% Plastics — Methods of exposure to labora o!e(:gt E]&‘I‘S& 4892-2 1999

sources — Part 2: Xenon-arc sources

ISO 4892-3 1994 Plastics — Methods of exposure to laboratgfx\l}gzt EN ISO 4892-3 1999
sources — Part 3: Fluorescent UV l%ﬂ@&"'
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