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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

A realization of the acceleration of laboratory weathering under controlled conditions is an essential
requirement for delivering reliable and fast prediction of material durability. In this connection, the
correlation to real use aging behaviour is being checked constantly.

The fundamental parameters of a weathering test are simulated solar radiation, heat and moisture. The
induced change in the material properties, among other things, is determined by the irradiance level
and relative spectral irradiance of simulated solar radiation incident on the material surface during
thete ne ace temnpera e _and the level of moi e _Anin case in some well-know weather
parameters, continuously monitored outdoors, offers opportunities to speed up the weatherimg process
oufdoors and in the laboratory. Since 1967, acceleration of outdoor weathering with instruments for
intlensified weathering using concentrated solar radiation (according to ISO 877-3) became 3 common
practice. By concentrating the natural solar radiation with Fresnel mirrors, irradiances of five to six
tinmies higher than the maximum natural level has been reached. Already in 1996,asCreening procedure
with very high irradiances for dyed textiles were developed which enabled the reduction ¢f the test
dufation for lightfastness grades from five days to seven days to two and a half days.[5]

However, the applicability of an increased irradiance for deterministic acceleration of weathering
without a specific knowledge of material properties requires that“the degradation of mpterial (at
constant temperature and moisture conditions) has to be dependent on the applied radiant exposure
only, irrespective of the irradiance level and resulting exposuré€ duration used during the test} For some
mdterials fulfilling this criterion, the acceleration of weathéring has been demonstrated sufpcessfully.
[61|Z][8][9] This criterion is not always fulfilled since an:inérease in the irradiance might rjot always
produce the expected increase in the weathering acceleration due to possible and a priory unknown to
the operator nonlinear dependence of the photochemical processes on the irradiance level. Moreover,
the overall material degradation might be strongly. affected by the other weather parameters which
cap be modified due to the increased irradiance.

There are limitations in using increased irradiances. Therefore, the applicability and the linjits of this
weathering acceleration approach are determined by the properties of the specific material and have
to pe investigated systematically in each particular case. In this respect, it is of essential irhportance
to validate an appropriate test precedure under controlled conditions in laboratory with an artificial
radliation source which can provide high irradiances above the natural level with the relativie spectral
irrpdiance closely mimicking the'natural solar radiation. Simultaneously, the temperature of the sample
specimen surface and of the 'chamber air is kept constant in a wide range of irradiance level. I addition,
the¢ usual wetting and rain‘eption have to be available.

© ISO 2016 - All rights reserved v
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TECHNICAL SPECIFICATION ISO/TS 19022:2016(E)

Plastics — Method of controlled acceleration of laboratory
weathering by increased irradiance
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ispensable for its application. For dated references, onlyythe edition cited applies. Fo

4582, Plastics — Determination of changes in colotur-and variations in properties after e]
blight under glass, natural weathering or artificial light

4892-1, Plastics — Methods of exposure to laboratory light sources — Part 1: General guidaj

9370, Plastics — Instrumental determination of radiant exposure in weathering tests -
dance and basic test method

10640, Plastics — Methodology for-assessing polymer photo ageing by FT-IR and UV-visible spe

/TR 17801, Plastics — Staridard table for reference global solar spectral irradiance at sé
rizontal, relative air mass 1

E Publication No. 85:1989, Solar spectral irradiance

Terms and deéfinitions

" the purpeses of this document, the following terms and definitions apply.

liant exposure

 undated

kposure to

pce

— General

ctrometry

a level —

radiant energy per unit

Note 1 to entry: Radiant exposure is given by the following formula:

wh

H=[Exdt

ere
E istheirradiance, in watts per square metre (W x m=2);

t isthe exposure time, in seconds (s).

Note 2 to entry: H is therefore expressed in joules per square metre (J x m-2).
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3.2

solar radiation

global solar radiation

solar radiant flux, both direct and diffuse, received on a horizontal plane unit area from a solid angle of
27 steradians

[SOURCE: ISO/TR 17801, 3.1, modified — irradiance has been replaced by radiation]

Note 1 to entry: In this Technical Specification, “solar radiation” always means “global solar radiation”.

4 Symbols and abbreviated terms

CHT thamber air temperature (ambient air temperature)

BST black-standard thermometer (insulated surface temperature sensor)
BPT black-panel thermometer (uninsulated surface temperature sensor)
WST white standard thermometer (insulated surface temperature sensor)
WPT white panel thermometer (uninsulated surface temperature sensor)

5 Prinfiple

A xenon of fluorescent UV radiation source (other radiation seuxces are possible), fitted with filterg (if
necessaryy), is used to simulate preferably the relative spectsal irradiance of solar radiation accordjng
to CIE Puplication No. 85:1989, Table 4 or solar radiation. filtered by window glass. A standard test
method (g.g. ISO 4892-2, ISO 4892-3) or a differing/nonsstandardized weathering test method shall[be
conducted as a basis for further investigations. The base level test shall use weathering parametgrs
(irradiande, temperatures, relative humidity) which are not above a maximum natural level (¢.g.
irradiancg in the wavelength range 300 nm to, 400 nm smaller than 66 W/m?2). As a second step, the
irradianceg is increased step by step above the'natural level. While the irradiance is increased abgve
the maximum level (at least three levels) or decreased, all other test parameters (relative spectral
irradiancg, chamber air temperature, relative humidity) shall be kept constant (unchanged). If usgd,
the influence of a spray/dry cycle shall'be carefully considered. The test results (e.g. colour change,
carbonyl formation) shall be plotted.as a function of the radiant exposure.

6 Apparatus

6.1 General

The equigment eemiprises a climate chamber with a chamber air temperature and relative humidity
measurenment dévice. In the climate chamber, included is a radiation source. The radiation source n
generate V,yisible radiation, and infrared radiation similar to solar radiation with appropriate fil
systems. i i Tati i
specimens are included in the chamber as well.

6.2 Test chamber

The design of the test chamber may vary, but it shall be constructed from inert material. In case of
radiation sources including VIS and IR, it shall be equipped with a blower which generates a defined
airflow to be directed across the specimens. In addition to the controlled lamp wattage, the test
chamber shall provide for control of chamber air temperature radiation shielded. For exposures that

2 © IS0 2016 - All rights reserved
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require control of humidity, the test chamber shall include humidity-control facilities that meet the
requirements of ISO 4892-1.

NOTE If the lamp system (one or more lamps) is centrally positioned in the chamber, the effect of any
eccentricity of the lamp(s) on the uniformity of exposure may be reduced by using a rotating frame carrying the
specimens or by repositioning or rotating the lamps.

Should any ozone be generated from operation of the lamp(s), the lamp(s) shall be isolated from the test
specimens and operating personnel. If the ozone is in an air stream, it shall be vented directly to the
outside of the building.

6.3 Laboratory radiation source

6.3.1 General

The laboratory solar radiation sources (e.g. xenon arc lamp, fluorescent UV lamp) may emit radiation
frgm below 270 nm in the ultraviolet through the visible spectrum and into the infrared. In order
to [simulate solar radiation with lamps which emit the full spectrum of solar radiation (UY, VIS, and
IR [radiation), filters shall be used to remove short wavelength UV padiation. In addition) filters to
refnove infrared radiation may be used to prevent unrealistic heating’efthe test specimens.

NOTE1 Solar spectral irradiance for a number of different atmaoSpheric conditions is described in CIE
Publication No. 85. The benchmark solar radiation used in this Technical Specification is that defjned in CIE
No| 85:1989, Table 4. A recalculated Table 4 is available in ISO/TR~17801 (better wavelength resolutioh).

NOTE 2  If laboratory radiation sources are used which ‘émit serious amounts in the IR and |[VIS range,
suiface temperatures are affected by surface heating. Then; actions to adjust specimen surface temperatures
haye to be taken.

6.3.2 Spectral irradiance

Filters are used to filter xenon-arc or other laboratory radiation sources in order to simylate solar
radliation (CIE Publication No. 85:1989;:Table 4). The minimum and maximum levels of tHe relative
spectral irradiance are given in theused standard applications (e.g. ISO 4892-2, ISO 4892-3).

During the test, the relative_spectral irradiance shall not be changed considerably. An ¢valuation
mgthod shall be used to compare the relative spectral irradiance at different irradiance levels.

NOTE1 The deviation(of the relative spectral irradiance at the lowest level from the highest lgvel can be
calpulated according todSO/TR 18486.

NOTE 2  The following wavelength ranges are recommended for the comparison of the relatiye spectral
irrpdiance: 290 am-to 320 nm, 320 nm to 340 nm, 340 nm to 360 nm, and 360 nm to 400 nm.

NOTE 3 _Xenon arc and fluorescent UV lamps can run at variable wattages (which the lamp is spgcified for)
without a-significant change of the relative spectral irradiance.

NOTE%  For natural and artificial sun radiation, the irradiance of 60 W/m?2 in the wavelength rangg of 300 nm
to 400 nm or 0,51 W/(m< x nm~-1) at 340 nm indicates the one sun Ievel. This does not mean that higher irradiances
can appear (66 W/m2 at 300 nm to 400 nm or 0,8 W/m2 at 340 nm acc. new calculation of CIE 85, Table 4).

6.3.3 Irradiance uniformity

The irradiance at any position in the area used for specimen exposure shall be at least 90 % of the
maximum irradiance.

For some materials of high reflectivity, high sensitivity to irradiance and temperature, periodic
repositioning of specimens is recommended to ensure uniformity of exposures, even when the
irradiance uniformity in the exposure area is within the limits.

© IS0 2016 - All rights reserved 3
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6.4 Radiometer

Aradiometer shall be used to measure and control irradiance during the test procedure. The radiometer
shall comply with the requirements outlined in ISO 4892-1 and ISO 9370.

6.5 Test chamber temperature and relative humidity

The chamber temperature sensor shall located, radiation-shielded, and combined with a sensor which
measure the relative humidity in the exhaust air duct.

For exact patibratiomrof tirefietdchamber temperatureamdretative fietdsensor, it s recessary tommove
a calibrated working reference standard and the instrument sensor to about the same position|so
that a balpnced temperature and humidity can be set for the measuring sensors and the chamber jir.
Calibratiojn takes place as soon as the whole system is in thermal balance.

6.6 Black-standard/black-panel thermometer

The blacktstandard or black-panel thermometer used shall comply with the requirements for thé¢se
devices gien in ISO 4892-1.

The preferred maximum surface temperature device is the black-standard thermometer.
6.7 Wetting and humidity-control equipment

6.7.1 General

Specimenf may be exposed to moisture in the form of watérspray or condensation, or by immersion. If
condensation, immersion or other methods are used to expose the specimens to moisture, details of the
procedurés and exposure conditions used shall be ingltided in the exposure report.

NOTE Wetting cycles can have significant influence on the test results. Results can differ for keepjing
constant efther the wetting duration (recommended for bulk related properties and/or thick samples) or the
number of wetting cycles (recommended for suiface related properties and/or thin samples).

6.7.2 Relative-humidity control equipment

For exposlires where relative-huridity control is required, the location of the sensors used to meastire
the humidity shall be as specified in ISO 4892-1.

6.7.3 SIray system

The test chamber may’be equipped with a means of directing an intermittent water spray onto the fronts
or backs ¢f the test/specimens under specified conditions. The spray shall be uniformly distributed
over the g§pecimens. The spray system shall be made from corrosion-resistant materials that do pot
contaminate’the water employed.

The water sprayed onto the specimen surfaces shall comply with the requirements in ISO 4892-1.

6.8 Specimen holders

Specimen holders may be in the form of an open frame, leaving the backs of the specimens exposed, or
they may provide the specimens with a solid backing. They shall be made from inert materials that will
not affect the results of the exposure, for example, non-oxidizing alloys of aluminium or stainless steel.
Brass, steel or copper shall not be used in the vicinity of the test specimens. The backing used might
affect the results, as might any space between the backing and the test specimen, particularly with
transparent specimens and shall be agreed upon between the interested parties.

4 © IS0 2016 - All rights reserved
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6.9 Apparatus to assess changes in properties

If an International Standard relating to the determination of the properties chosen for monitoring the
changes in properties exists (see, in particular, ISO 4582 or ISO 10640), the apparatus specified by the
International Standard concerned shall be used.

NOTE Different material properties of the same material may act differently. The property choice is of basic
relevance for evaluating the weathering acceleration.

7 _Test specimens

Te$t specimens shall be according to ISO 4892-1.

8 | Test method
8.1 Selecta standard test method or create an own test method.

8.2 The test parameters are the following:

a) | relative spectral irradiance (preferred simulated solar radiatien acc. [ISO/TR 17801);
b) | irradiance;

c) | chamber air temperature (CHT);

d)| surface temperature of the specimen (BST or BRT);

e) | relative humidity;

f) | rain cycle.

NOTE For some tests, rain cycles are pet-specified or not necessary.

8.3 Select the lowest irradiance-level from the following:
a)| (60 +2)W xm-2 (300 nimto 400 nm);
b)| (0,51 £0,02) W x m2)x nm~1 (340 nm).

NOTE The lowesSt+irradiance level is normally defined by the selected standard test method but|irradiance
levels below the standard irradiance level are also allowed.

8.4 Runthetest at the lowest irradiance level.

8.3 ~Increase the irradiance above the natural level 260 W x m~2 (300 nm to 400 nm) and 0,51 W x m-2

(3 Q hm) The deviation from the set point (+v W x m-Z) grows about prnpnrﬁnnn] with the irtadiance.

8.6 Run the test at increased irradiance level while keeping all other test parameters constant [relative
spectral irradiance, chamber air temperature (<3 °C), surface temperature or black-standard or black-
panel temperature (<* 3°C), relative humidity (<10 %) and rain cycle].

Several increased irradiance levels shall be used (at least four).

NOTE Photo reactions may depend on the Arrhenius relation (a AT of 1 °C can cause a property change
of about 8 %).

8.7 Plot the testresults (property changes, e.g. colour change or carbonyl formation, see also ISO 4582)
as a function of the radiant exposure.

© IS0 2016 - All rights reserved 5
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When the property change is plotted as a function of radiant exposure, the measured data will vary
even if the test data are measured at the same radiant exposure and the law of reciprocity maybe fulfilled. On the

, it is not always practical to stop a test at the same radiant exposure.

Other evaluations of the testare possible, e.g. if the test data are available at the same radiant exposure
two irradiance levels can be compared directly.

8.8 Calculate the deviations from a fit of the data (Pearson correlation coefficient can be appropriate).

NOTE

For a good correlation, the Pearson correlation coefficient is >0,9.

9 Expd

9.1 Rag
Unless oth

irradiancg
band in w|

9.2 Ten

921 B
If a black-

temperatyre sensors shall be used to define the temperature level during the test procedure.

Other sun
stated in

If water
thermome
the cycle,
using this

NOTE
to that of t

9.2.2 Chamber air temperature

Exposure
allowing t

Exposure

If the CHT]

sure conditions

liation

erwise specified, control the irradiance at the levels indicated in the selected standard. Otl
levels may be used when agreed upon by the interested parties. The irradiance and the p
hich it was measured shall be included in the exposure report.

perature

ack-standard and black-panel temperature

standard or a black-panel temperature is specified ih.the selected standard, these surf

face temperatures may be used when agreed upon by the interested parties, but shall
he exposure report.

pray is used, the temperature requirements apply to the end of the dry period. If
ter does not reach a steady-state during the dry period after the short water-spray part
check whether the specified tempefature is reached during a longer dry period and consi
longer dry period.

During the water-spray part ofthe cycle, the black-standard or black-panel temperature will be cl
he water used.

5 can be run either with the chamber air temperature (CHT) controlled at a specified level
he CHT to find-its own level.

b with controlled CHT are preferred.

is.figt controlled, the specific surface temperature of the specimens shall be measured.

ner
ASS

pce

be

he
of
ler

pse

or

NOTE

For xenon arc lamps (or similar full spectrum solar simulators: UV, VIS, IR radiation), the possible
specimen surface temperature is limited by the temperature of the air surrounding the sample (CHT) as the
lower limit and the BST temperature as the upper limit temperature (massive plastic samples can have higher
temperatures than the temperature indicated by a BST). It is then assumed that the actual specimen temperature
lies somewhere between the two cited limits.

9.2.3 Specimen surface temperature

The specimen surface temperature is the decisive measure. It is recommended to measure the surface
temperature. In addition, a WST or WPT sensor can help to evaluate the specimen temperature.
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Nevertheless, the test should be controlled by BST or BPT and CHT.

NOTE If the test method described under Clause 8 is used (increasing irradiance up to threefold solar
irradiance with unchanged BST or BPT and CHT), the temperature change of the specific specimen surface is
smaller than the tolerance described in 8.6.

9.3 Humidity of chamber air

9.3.1 Relative humidity of chamber air

Exposures can be conducted either with the relative humidity controlled at a speciiied levelof allowing
the relative humidity to find its own level.

Exposures with controlled relative humidity are preferred.

NOTE For some materials, the relative humidity might not be important.

9.3.2 Spray cycle

The spray cycle used shall be as agreed between the interested parties,-but is normally defined by the
used test method.

NOTE Spray cycles can have significant effect on the exposure result and has to be carefully conkidered. By

indreasing irradiance, either the wetting duration or the number,of.spray cycles during a test is reducgd.

1(Q Procedure

10.1 General

It is recommended that at least three test specimens of each material evaluated be exposed ip each run
to pllow statistical evaluation of the results:

10.2 Mounting the test specimens

Attach the specimens to the-specimen holders in the equipment in such a manner that the §pecimens
ar¢ not subject to any applied-stress. Identify each test specimen by suitable indelible marking, avoiding
ar¢as to be used for subsequent testing. As a check, a plan of the test-specimen positions may|be made.

If desired, in the case'of’specimens used to determine change in colour and appearance, a portjon of each
teqt specimen mayybe shielded by an opaque cover throughout the exposure. This gives an unexposed
ar¢a adjacent tothe exposed area for comparison. This is useful for checking the progress of thelexposure,
but the datareported shall always be based on a comparison with file specimens stored in the|dark.

10.3 /Exposure

Belore placing the specimens in the test chamber, be sure that the apparatus 15 operating under the
desired conditions. Program the apparatus with the selected conditions to operate continuously for the
required number of cycles at the selected exposure conditions. Maintain these conditions throughout the
exposure, keeping any interruptions to service the apparatus and to inspect the specimens to a minimum.

Expose the test specimens, the radiometer and the surface temperature sensor for the specified period.

If it is necessary to remove a test specimen for periodic inspection, take care not to touch the exposed
surface or alter it in any way. After inspection, return the specimen to its holder or to its place in the
test chamber with its exposed surface oriented in the same direction as before.

© IS0 2016 - All rights reserved 7
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10.4 Measurement of radiant exposure

Mount and calibrate the radiometer so that the irradiance at the exposed surface of the test
specimen is reported.

Express the exposure stages in terms of radiant exposures, in joules per square metre (J x m-2), in the
wavelength band from 300 nm to 400 nm, or in joules per square metre per nanometre (J x m-2 x nm-1)
at the wavelength selected (e.g. 340 nm).

10.5 Determination of changes in properties after exposure

These shaIll be determined as specified in ISO 4582 or in ISO 10640 as far as possible. Other propéettfies
may be uged if agreed upon by all interested parties.

Different material properties of the same material may act differently. The property chaice/is of basic
relevance|for evaluating the weathering acceleration.

11 Testjreport
Test reporit shall be according to ISO 4892-1.

8 © IS0 2016 - All rights reserved
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