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Foreword

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

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

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received. www.iso.org/patents

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

The committee responsible for this document is ISO/TC 61, Plastics, Subcommittee SC 6, Ageing, chemical
and environmental resistance.

This third edition cancels and replacest the, second! editiornl,(1SQ)4892-3:2006), which has been
technically revised.

The main technical changes are:

a) Table 4 explains cycles, lamp typesjand irradiance/with greater clarity;

b) the term “daylight” has been replaced throughout by “global solar radiation”;
c) in Table 4, combination lamp option has been transferred to Annex A.

ISO 4892 consists of the following parts, under the general title Plastics — Methods of exposure to
laboratory light sources:

— Part 1: General guidance
— Part 2: Xenon-arc lamps
— Part 3: Fluorescent UV lamps

— Part 4: Open-flame carbon-arc lamps

iv © ISO 2013 - All rights reserved
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Plastics — Methods of exposure to laboratory light sources —

Part 3:
Fluorescent UV lamps

1 Scope

This part of ISO 4892 specifies methods for exposing specimens to fluorescent UV radiation, heat and
water in apparatus designed to simulate the weathering effects that occur when materials are exposed
in actual end-use environments to global solar radiation, or to solar radiation through window glass.

The specimens are exposed to fluorescent UV lamps under controlled environmental conditions
(temperature, humidity and/or water). Different types of fluorescent UV lamp can be used to meet all
the requirements for testing different materials.

Specimen preparation and evaluation of the results are covered in other International Standards for
specific materials.

General guidance is given in ISO 4892-1.

NOTE Fluorescent UV lampexposures for paints, varnishes and othereoatings are described in ISO 11507.[4]

2 Normative references

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

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

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

3 Principle

31 Fluorescent UV lamps, when following the manufacturer’s recommendations for lamp
maintenance and/or rotation, may be used to simulate the spectral irradiance of global solar radiation
in the short wavelength ultraviolet (UV) region of the spectrum.

3.2 Specimens are exposed to various levels of UV radiation, heat and moisture (see 3.4) under
controlled environmental conditions.

3.3 The exposure conditions may be varied by selection of:
a) type of fluorescent UV lamp;

b) irradiance level;

c) temperature during the UV exposure;

d) type of wetting (see 3.4);

e) wetting temperature and cycle;

f) timing of the UV/dark cycle.

© IS0 2013 - All rights reserved 1
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3.4 Wetting is usually produced by condensation of water vapour on to the exposed specimen
surface or by spraying the test specimens with demineralized/deionized water.

3.5 The procedure(s) may include measurement of the irradiance and the radiant exposure in the
plane of the specimen.

3.6 It is recommended that a similar material of known performance (a control) be exposed
simultaneously with the test specimens to provide a standard for comparative purposes.

3.7 Intercomparison of results obtained from specimens exposed in different types of apparatus or
to different types of lamp should not be made unless an appropriate statistical relationship has been
established between the different types of equipment for the material to be tested.

4 Apparatus

4.1 Laboratory light source

4.1.1 Fluorescent UV lamps are fluorescent lamps in which radiant emission in the ultraviolet region
of the spectrum, i.e. below 400 nm, makes up at least 80 % of the total light output. There are three types
of fluorescent UV lamp used in this part of ISO 4892:

— UVA-340 (type 1A) fluorescent UV lamp: these lamps have a radiant emission below 300 nm of
less than 1 % of the total light output, have an emission peak at 343 nm, and are more commonly
identified as UVA-340 for simulation of global solar radiation from 300 nm to 340 nm (see Table 1).
Figure A.1 is a graph of spectralirradiance\from’250 nm to 400 nm of/a typical UVA-340 (type 1A)
fluorescent lamp compared to global solar radiation.

— UVA-351 (type 1B) fluorescent UV lamp: these lamps have a radiant emission below 310 nm of
less than 1 % of the total light output, have a peak emission at 353 nm, and are more commonly
identified as UVA-351 for simulation of the UV portion of solar, radiation behind window glass (see
Table 2). Figure A.2 is a graph of spectral irradiance from,250 nm to 400 nm of a typical UVA-351
(type 1B) fluorescent UV lamp compared to global solar radiation filtered by window glass.

— UVB-313 (type 2) fluorescent UV lamp: these lamps are more commonly identified as UVB-313
and have a radiant emission below 300 nm that is more than 10 % of the total output and a peak
emission at 313 nm (see Table 3). Figure A.3 is a graph of the spectral irradiance from 250 nm to
400 nm of two typical UVB-313 (type 2) fluorescent lamps compared to global solar radiation. UVB-
313 (type 2) lamps may be used only by agreement between the parties concerned. Such agreement
shall be stated in the test report.

— Four different UV lamps used as one combination: these four different UV lamps are used
together as one combination with a suited filter. See Figure A.4 in A.2.3.

NOTE1 UVB-313 (type 2) lamps have a spectral distribution of radiation, which peaks near the 313 nm
mercury line and can emit radiation down to A = 254 nm, which can initiate ageing processes that never occur in
end-use environments.

NOTE 2 The solar spectral irradiance for a number of different atmospheric conditions is described in
CIE Publication No. 85.[1] The benchmark global solar radiation used in this part of ISO 4892 is from Table 4 of
CIE Publication No. 85:1989.

4.1.2 Unless otherwise specified, UVA-340 (type 1A) fluorescent UV lamps shall be used to simulate the
UV part of global solar radiation (see Table 4, method A). Unless otherwise specified, UVA-351 (type 1B)
lamps shall be used to simulate the UV part of solar radiation through window glass (see Table 4,
method B). The four lamp UV combination may be used (see A.2.3) and shall be stated in the test report.

4.1.3 Fluorescentlamps age significantly with extended use. If an automatic irradiance control system
is not used, follow the apparatus manufacturer’s instructions on the procedure necessary to maintain
the desired irradiance.

2 © IS0 2013 - All rights reserved
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4.1.4 Irradiance uniformity shall be in accordance with the requirements specified in ISO 4892-1.
Requirements for periodic repositioning of specimens when irradiance within the exposure area is less
than 90 % of the peak irradiance are described in ISO 4892-1.

Table 1 — Relative ultraviolet spectral irradiance for UVA-340 (type 1A) lamps for global solar
UV radiation (method A)ab

Spectral passband
Minimumc¢ CIE No. 85:1989, Table 4de Maximum¢
[A = wavelength
% % %

in nanometres (nm)]
A<290 - 0 0,1
290 <1 <320 59 54 9,3
320<1 <360 60,9 38,2 65,5
360<A<400 26,5 56,4 32,8

a  This table gives the irradiance in the given passband, expressed as a percentage of the total irradiance between 290 nm
and 400 nm. To determine whether or not a specific UVA-340 (type 1A) lamp meets the requirements of this table, the
spectralirradiance from 250 nm to 400 nm shall be measured. Typically, this is done in 2 nm increments. The total irradiance
in each passband is then summed and divided by the total irradiance between 290 nm and 400 nm.

b The minimum and maximum limits for UVA-340 (type 1A) lamps in this table are based on more than 60 spectral
irradiance measurements with UVA-340 (type 1A) lamps from different production lots and of various ages.[[2]] The spectral
irradiance data are for lamps within the ageing recommendations of the manufacturer of the apparatus. As more spectral
irradiance data become available, minor changes in the limits are possible. The minimum and maximum limits are at least
three sigma from the mean for all theemeasurements.

¢ The minimum and maximum columns will not necessarily sum to 100 % because they represent the minima and
maxima for the measurement data used./For,any individual spectral irradiance distribution, the percentages calculated
for the passbands in this table will sumto 100 %. For any ihdividual UVA*340 (type 1A) fluorescent lamp, the calculated
percentage in each passband shall fall within the minimum and maximum limits given. Test results can be expected to differ
between exposures using UVA-340 (type 1A) lamps)inawhichythe;spectral irradiance differs by as much as that allowed by
the tolerances. Contact the manufacturer of the fluorescent UV apparatus for specific spectral irradiance data for the UVA-
340 (type 1A) lamp used. :

d  The data from Table 4 of CIE Publication No. 85:1989 are the global solar irradiance on a horizontal surface for an air
mass of 1,0, an ozone column of 0,34 cm at STP, 1,42 cm of precipitable water vapour and a spectral optical depth of aerosol
extinction of 0,1 at 500 nm. These data are provided for reference purposes only and are intended to serve as a target.

e For the solar spectrum represented by Table 4 of CIE No. 85:1989, the UV irradiance (290 nm to 400 nm) is 11 % and
the visible irradiance (400 nm to 800 nm) is 89 %, expressed as a percentage of the total irradiance from 290 nm to 800 nm.
Because the primary emission of fluorescent UV lamps is concentrated in the 300 nm to 400 nm passband, there are limited
data available for the visible light emission of fluorescent UV lamps. The percentages of UV irradiance and visible irradiance
on specimens exposed in fluorescent UV apparatus may vary due to the number of specimens being exposed and their
reflectance properties.

© IS0 2013 - All rights reserved 3
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Table 2 — Relative ultraviolet spectral irradiance for UVA-351 (type 1B) lamps for solar
radiation behind window glass (method B)ab

Spectral passband Minimumc¢ CIE No. 85:1989, Table 4, Maximumc¢
[A = wavelength % plus effect of window %
) glassde
in nanometres (nm)]
%

A <300 0 0,2
300=<21<320 1,1 <1 3,3
320<A<360 60,5 33,1 66,8
360 <A <400 30,0 66,0 38,0

a  This table gives the irradiance in the given passband, expressed as a percentage of the total irradiance between 290 nm
and 400 nm. To determine whether a specific UVA-351 (type 1B) lamp meets the requirements of this table, the spectral
irradiance from 250 nm to 400 nm shall be measured. The total irradiance in each passband is then summed and divided by
the total irradiance between 290 nm and 400 nm.

b The minimum and maximum limits given in this table are based on 21 spectral irradiance measurements with UVA-351
(type 1B) lamps from different production lots and of various ages. The spectral irradiance data are for lamps within the
ageing recommendations of the manufacturer of the apparatus. As more spectral irradiance data become available, minor
changes in the limits are possible. The minimum and maximum limits are at least three sigma from the mean for all the
measurements.

¢ The minimum and maximum columns will not necessarily sum to 100 % because they represent the minima and
maxima for the measurement data used. For any individual spectral irradiance distribution, the percentages calculated
for the passbands in this table will sum to 100 %. For any individual UVA-351 (type 1B) fluorescent lamp, the calculated
percentage in each passband shall fall within the minimum and/maximum limits given/Test results can be expected to differ
between exposures using UVA-351 (type 1B) lamps in which the spectral irradiance differs by as much as that allowed by the
tolerances. Contact the manufacturer of the flugrescent UViapparatus for-spécifigspectral irradiance data for the type UVA-
351 (type 1B) lamp used.

d  The data from Table 4 of CIE No. 85:1989 plus the effect of window glass were determined by multiplying the data from
Table 4 of CIE No. 85:1989 by the spectral transmittance oftypical:3 mm-thick window glass (see ISO 11341[[31]). These data
are provided for reference purposes/onlyand-arelintendedtolserve asatarget:

e For the CIE No. 85:1989 Table 4 plus window glass'data; the UV'irradiance from 300 nm to 400 nm is typically about 9 %
and the visible irradiance (400 nm to 800 nm) is typically about 91 %, expressed as a percentage of the total irradiance from
300 nm to 800 nm. Because the primary emission of fluorescent UV lamps is concentrated in the 300 nm to 400 nm passband,
there are limited data available for the visible light emission of fluorescent UV lamps. The percentages of UV irradiance
and visible irradiance on specimens exposed in fluorescent UV apparatus may vary due to the number of specimens being
exposed and their reflectance properties.

4 © IS0 2013 - All rights reserved
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Table 3 — Relative ultraviolet spectral irradiance for UVB-313 (type 2) lamps (method C)ab

Spectral passband Minimumc¢ CIE No. 85:1989, Table 4de Maximum¢
[A = wavelength % % %
in nanometres (nm)]
A<290 1,3 0 54
290 =<1 <320 47,8 54 65,9
320<A <360 26,9 38,2 439
360 <A<400 1,7 56,4 7,2

a  Thistable gives the irradiance in the given passband, expressed as a percentage of the total irradiance between 250 nm
and 400 nm. To determine whether a specific UVB-313 (type 2) lamp meets the requirements of this table, the spectral
irradiance from 250 nm to 400 nm shall be measured. The total irradiance in each passband is then summed and divided by
the total irradiance between 250 nm and 400 nm.

b The minimum and maximum limits given in this table are based on 44 spectral irradiance measurements with UVB-313
(type 2) lamps from different production lots and of various ages.[[2]] The spectral irradiance data are for lamps within the
ageing recommendations of the manufacturer of the apparatus. As more spectral irradiance data become available, minor
changes in the limits are possible. The minimum and maximum limits are at least three sigma from the mean for all the
measurements.

¢ The minimum and maximum columns will not necessarily sum to 100 % because they represent the minima and
maxima for the measurement data used. For any individual spectral irradiance distribution, the percentages calculated
for the passbands in this table will sum to 100 %. For any individual UVB-313 (type 2) fluorescent lamp, the calculated
percentage in each passband shall fall within the minimum and maximum limits given. Test results can be expected to differ
between exposures using UVB-313 (type 2) lamps in which the spectral irradiance differs by as much as that allowed by
the tolerances. Contact theemanufacturenof thefluorescentilUViapparatus for spegific spectral irradiance data for the type 2
lamp used.

d  The data from Table 4 of CIE Publication Nos85:1989 areitheglobal solar irradiance on a horizontal surface for an air
mass of 1,0, an ozone column of 0,34 cm at STP, 1,42 cm of precipitable wateér vapour and a spectral optical depth of aerosol
extinction of 0,1 at 500 nm. These data are provided for reference purposes only.

e For the solar spectrum represented by Table4 of CIE No:85:1989, the UV irradiance (290 nm to 400 nm) is 11 % and
the visible irradiance (400 nmto-800°nm)-is'89%)expressed as'apercentage of the-total'irradiance from 290 nm to 800 nm.
Because the primary emission of fluorescent UV/lampsisiconcéntratédlin the 300 nm to 400 nm passband, there are limited
data available for the visible light emission of fluorescent UV lamps. The percentages of UV irradiance and visible irradiance
on specimens exposed in fluorescent UV apparatus may vary due to the number of specimens being exposed and their
reflectance properties.

4.2 Test chamber

The design of the exposure chamber may vary, butit shall be constructed from inert material and provide
uniform irradiance in conformance with [SO 4892-1, with means for controlling the temperature. When
required, provision shall be made for the formation of condensate or for spraying water on to the exposed
faces of the specimens.

4.3 Radiometer

The use of a radiometer for irradiance control is recommended. If a radiometer is used, it shall conform
to the requirements given in ISO 4892-1. If an automatic irradiance control system is not used, follow the
apparatus manufacturer’s instructions on the procedure necessary to maintain the desired irradiance.

4.4 Black-panel/black-standard thermometer

The black-panel or black-standard thermometer used shall comply with the requirements for these
devices that are given in ISO 4892-1.

© IS0 2013 - All rights reserved 5
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4.5 Wetting

4.5.1 General

Specimens may be exposed to moisture in the form of condensation or water spray. Specific test conditions
describing the use of condensation or water spray are described in Table 4. If condensation or water spray
is utilized, the specific procedures and exposure conditions used shall be included in the test report.

NOTE The duration of the condensation or water spray period, can have a significant influence on the
photodegradation of polymers.

4.5.2 Spray and condensation system

The test chamber shall be equipped with a means of producing intermittent condensation on, or
directing intermittent water spray on to the front of the test specimens, under specified conditions. The
condensate or spray shall be uniformly distributed over the specimens. The spray system shall be made
from corrosion-resistant materials that do not contaminate the water employed.

Check the specimens in the test chamber during the condensation period at least 1 h after the start
of the condensation cycle, to verify that the condensation is visibly forming on the specimens. Then,
perform this visual check at least once per week.

NOTE1 If condensation is not evident on the specimen, the most likely cause involves

a) inadequate room air cooling,

b) laboratory temperature thatis too high,

c) condensation temperature that is set too low or set too close to the Toom temperature,

d) thick specimens of insulating material that might;de preventing the room air cooling necessary for
condensation. For example a. 25 mm specimen can exhibitpoorcondensation with acondensation set point of
40°C and a laboratory temperature of 30°C; or

e) improper mounting thatis allowing vapour to escape from the chamber.

Water sprayed on specimen surfaces shall have a conductivity below 5 uS/cm, contain less than 1 mg
per litre (1 ppmY) of dissolved solids and leave no observable stains or deposits on the specimens. Care
shall be taken to keep silica levels below 0,2 mg/1 (0,2 ppm). A combination of deionization and reverse
osmosis may be used to produce water of the desired quality.

NOTE 2  The spray water temperature might have a significant effect on the test results.

4.6 Specimen holders

Specimen holders shall be made from inert materials that will not affect the results of the exposure. The
behaviour of specimens can be affected by the presence of backing and by the backing material used.
The use of backing shall therefore be by mutual agreement between the interested parties.

4.7 Apparatus to assess changes in properties

The apparatus required by the International Standards relating to the determination of the properties
chosen for monitoring (see ISO 4582) shall be used.

5 Testspecimens

Test specimens are specified in ISO 4892-1.

1) 1 mg/lis the equivalent of 1 ppm; ppm is a deprecated unit.

6 © IS0 2013 - All rights reserved
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6 Test conditions

6.1 Radiation

Unless otherwise specified, control the UV irradiance at the levels indicated in Table 4. Other irradiance
levels may be used when agreed upon by all interested parties. The irradiance and wavelength passband
in which it was measured shall be included in the test report.

6.2 Temperature

Fluorescent UV lamps emit relatively little visible and infrared radiation compared to solar radiation,
xenon-arc sources and carbon-arc sources. Unlike solar radiation, in fluorescent UV apparatus heating of
the specimen surface is primarily by convection of heated air across the panel. Therefore, the difference
between the temperature of a black-panel thermometer, a black-standard thermometer, the specimen
surface and the air in the test chamber is typically <2 °C. Additional measurement of white-standard
temperature or white-panel temperature as recommended in ISO 4892-1 is not necessary.

For reference purposes, Table 4 specifies black-panel temperatures. Black-standard thermometers may
be used in place of black-panel thermometers, when agreed upon by all interested parties.

NOTE The surface temperature of the specimens is a crucial exposure parameter. Generally, degradation
processes run faster with increasing temperature. The specimen temperature permissible for accelerated
exposure depends on the material under test and on the ageing criterion under consideration.

Other temperatures may bejselected when-agreed upomhby all interested parties, but shall be stated in
the test report.

If condensation periods are used, thé température requirements apply to the equilibrium conditions of
the condensation period. If water spray periods are used, the temperature requirements apply to the
end of the dry period. If the temperature!does‘notattain equilibrium during a short cycle, the specified
temperature shall béjestablished-without-water spray andcthe‘maximum temperature attained during
the dry cycle shall be reported.

6.3 Condensation and spray cycles

The condensation or spray cycle shall be as agreed between the interested parties, and should be one of
the cycles in Table 4.

Full details of the conditions shall be given in the test report.

6.4 Cycles with dark periods

The conditions of most cycles in Table 4 include dark periods that might include high humidity and/or
formation of condensate on the specimen surface. More complex cycles may be used.

Full details of the conditions shall be given in the test report.

6.5 Sets of exposure conditions

Various sets of exposure conditions are listed in Table 4 as “exposure cycles” (method A) for artificial
accelerated weathering with UVA-340 lamps, (method B) for UV solar radiation behind window glass
with UVA-351 lamps and (method C) for artificial accelerated weathering with UVB-313 lamps.
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