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Foreword

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

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

Coatings of paints, varnishes and similar materials (subsequently referred to simply as coatings) are
exposed to laboratory light sources, in order to simulate in the laboratory the ageing processes which
occur during natural weathering or behind window glass.

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 16474-4:2013(E)

Paints and varnishes — Methods of exposure to laboratory
light sources —

Part 4:
Open-flame carbon-arc lamps

1

Thi
the

Scope

5 part of ISO 16474 specifies methods for exposing specimens to open-flame ¢arbon-at
presence of moisture to reproduce the weathering effects that occur when materials are

actfial end-use environments to daylight or to daylight filtered through window glass.

The
(ter]
exp|

Spe
spe

Gen

NOT

2

Thd
ind
refq

ISO
day|

ISO

ISO
guid

ISO

specimens are exposed to filtered open-flame carbon-arc light under controlled

psure to the environment or exposure through window glass.

cimen preparation and evaluation of the results are covered in other International St
cific materials.

eral guidance is given in ISO 16474-1.

E Open-flame carbon-arc exposures for plastics.are described in ISO 4892-4.

Normative references

following documents, in whole orAdn-part, are normatively referenced in this docume

4582, Plastics — Determindtion of changes in colour and variations in properties after 4
ight under glass, natural weathering or laboratory light sources

4618, Paints and vdrnishes — Terms and definitions

9370, Plastics. + Instrumental determination of radiant exposure in weathering tests
fance and basic test method

16474-1,Paints and varnishes — Methods of exposure to laboratory light sources — Part 1: Gener

3

¢ lamps in
exposed in

conditions

hperature, humidity and/or wetting). Different types of filters aréused to simulate either direct

ndards for

nt and are

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

(%)

xposure to

— General

alguidance

Terms and definitions

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

3.1
rad
H

iant exposure

amount of radiant energy to which a test panel has been exposed

Note 1 to entry: Radiant exposure is given by the equation H = IE -dt

© IS0 2013 - All rights reserved
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where

H

E

t

is the radiant exposure, in joules per square metre;
is the irradiance, in watts per square metre;

is the exposure time, in seconds

Note 2 to entry: If the irradiance E is constant throughout the whole exposure time, the radiant exposure H is
given simply by the product of E and ¢.

4 Prin(Jiple

4.1 Speclmens of the materials to be tested are exposed to glass-filtered open-flame carboii-arc light, to

heat, to relptive humidity and to water (see 4.3) under controlled environmental conditions.

4.2 The ¢xposure conditions may be varied by selection of

a) thelight filter(s);

b) the terhperature during light exposure;

c) the relative humidity of the chamber air during light and dark exposures, when test conditjons
requirjng control of humidity are used;

d) the type of wetting (see 4.3);

e) the water temperature and wetting cycle;

f) the tinmping of the light/dark cycle.

4.3 Wettjng is usually produced by spraying.the test specimens with demineralised/ deionized whter

or by cond¢nsation of water vapour onto the surfaces of the specimens.

4.4 The procedure may include méasurements of the irradiance and radiant exposure in the planfe of

the specimpns.

4.5 It is| recommended (that" a similar material of known performance (a control) be expdsed

simultanedusly with the testSpecimens to provide a standard for comparative purposes.

4.6 Intercomparison of results obtained from the test specimens exposed in different types of apparatus

should notl be made unless an appropriate statistical relationship has been established between|the

apparatusds fot the particular material to be tested.

5 Apparatus

5.1 Laboratory light source

5.1.1 General

Open-flame carbon-arc light sources typically use one, three or four pairs of carbon rods which contain
a mixture of rare-earth metal salts and have a surface coating of a metal such as copper. An electric
current is passed between the carbon rods which burn, giving off ultraviolet, visible and infrared
radiation. The pairs of carbon rods are burned in sequence, with one pair burning at any one time.
Use the carbon rods recommended by the manufacturer of the apparatus. The radiation reaching the
specimens passes through glass filters. Three types of glass filter are used in practice. Tables 1 and 2

2
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show the typical relative spectral power distribution for open-flame carbon-arc lamps with daylight
and window-glass filters, respectively. When extended-UV filters are used, the relative spectral power
distribution shall meet the requirements of Table 3.

NOTE Solar spectral irradiance for a number of different atmospheric conditions is described in CIE No. 85.
The benchmark daylight used in this part of ISO 16474 is that defined in CIE No. 85:1989, Table 4.

5.1.2 Spectral irradiance of open-flame carbon-arc lamps with daylight filters (Type 1)

The data in Table 1 are typical of an open-flame carbon-arc lamp with glass filters used to simulate

day

ight (see CIE No. 85:1989, Table 4).

5.1
The

5.1

The
exa

Tal]

3 Spectral irradiance of open-flame carbon-arc lamps with window glass filters'(]

data in Table 2 are typical of an open-flame carbon-arc lamp with window-glassiilters.

4 Spectral irradiance of open-flame carbon-arc lamps with extended-UYV filters (T

data in Table 3 are typical of an open-flame carbon-arc lamp with extended-UV filter
mple of a suitable type 3 filter is that commonly known as Corex 70581).

daylight filters (type4)ab

'ype 2)

ype 3)
5. A typical

le 1 — Typical ultraviolet spectral power distribution for open-flame carbon-arc lamps with

Typical distributiomnfor open-
Spectral passband flame carbon-arc lamp with CIE No. 85:1989, Table 4d.e
daylightfiltersc
(A = wavelength in nm) % %
A<290 0,05
290 <A <320 2,9 5,4
320 <A <360 20,5 38,2
360 <A <400 76,6 56,4

a
and
day]|
don
290
b
not

C

100

d
0Zo

This table gives the irradiance in‘the given passband, expressed as a percentage of the total irradiance bety
400 nm. To determine the relative spectral power distribution of an open-flame carbon-arc lamp throu|
ight filter or set of filters, the spectral power distribution shall be measured from 250 nm to 400 nm. Typ

nm and 400 nm.

The table gives typical data for an open-flame carbon-arc lamp with borosilicate-glass daylight filters. Ther
enough data available to develop a specification for the open-flame carbon-arc lamp with a daylight filter.

For any individual spectral power distribution, the calculated percentages for the passbands in this tabl
%.

Thesdata from CIE No. 85:1989, Table 4, is the global solar irradiance on a horizontal surface for an air m
he-column of 0,34 cm at STP, 1,42 cm of precipitable water vapour and a spectral optical depth of aerosol ext

e in 2 nm increments. Thé total irradiance in each passband is then summed and divided by the total irradiance between

veen 290 nm
Eh a specific
ically, this is

e is currently

will sum to

hss of 1,0, an
nction of 0,1

at5

O#m. These data are provided for comparison purposes only.

e

For the solar spectrum represented by CIE No. 85:1989, Table 4, 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 between 290 nm to 800 nm.

1

©IS

Corex 7058 is an example of a suitable product available commercially. This information is given for the
convenience of users of this part of ISO 16474 and does not constitute an endorsement by ISO of this product.
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Table 2 — Typical ultraviolet spectral power distribution for open-flame carbon-arc lamps with

window-glass filters (type 2)ab

Typical distribution for open- CIE No. 85:1989, Table 4,
Spectral passband flame carbon-arc lamp with plus effect of window
window-glass filtersc glassde
(A = wavelength in nm) % %
A<300 0,0
300<A<320 0,3 <1
320<A =360 18,7 3371
360 <A <400 81,0 66,0

a  This tab|
290 nm and
window-glaj
2 nm increm
and 400 nm.,

b The tabl
data availab

¢ For any
100 %. Cont
carbon arcs

d  The dat
No. 85:1989,
for comparis

e

For the
7,7 % to 10,4
between 30

le gives the typical irradiance in the given passband, expressed as a percentage of the total irradiance betw
100 nm. To determine the irradiance in each passband for an open-flame carbon-arc lamp with aspecific s
s filters, the spectral power distribution shall be measured from 250 nm to 400 nm. Typigally, this is dor]
ents. The total irradiance in each passband is then summed and divided by the total irradiance between 29(

e gives typical data for an open-flame carbon-arc lamp with window-glass filters. There is currently not end
e to develop a specification for the spectral power distribution.

individual spectral power distribution, the calculated percentages for the passbands in this table will suf
hct the manufacturer of the carbon-arc apparatus for the spectral power distribution data for the partic
hnd window-glass filters used.

b from CIE No. 85:1989, Table 4, plus the effect of window glass wds determined by multiplying the
Table 4, data by the transmission typical for window glass used inthe USA and Europe. These data are prov
on purposes only.

CIE No. 85:1989, Table 4 plus window glass data, the UV irradiance between 300 nm and 400 nm ranges f
% and the visible radiation ranges from 89,4 % to 92,3 %; expressed as a percentage of the total irradis
nm and 800 nm.

een
bt of
e in
nm

ugh

N to
lar

CIE
ded

Fom
nce

© ISO 2013 - All rights reserved



https://standardsiso.com/api/?name=b1907b195b95182abecff06afef522c8

1SO 16474-4:2013(E)

Table 3 — Ultraviolet spectral power distribution for open-flame carbon-arc lamps
with extended-UV filters (type 3)ab

Spectral passband Minimumc¢ Maximumc¢ CIE No. 85:1989, Table 4d.e
(A = wavelength in nm) % % %
A<290 4,9
290<1<320 2,3 6,7 54
320 <A <360 16,4 24,3 38,2
360 <A <400 68,1 80.1 564

a

250
req
in 2
fron

b
ope
rec
med
and|
the
bety

C

maj
the
the
exp
by 4
pow

0Z0
at5s

the
800

This table gives the irradiance in the given passband, expressed as a percentage of the total irradia
nm and 400 nm. To determine whether a specific filter or set of filters for an open-flame carbon-arc lan
irements of this table, the spectral power distribution shall be measured from 250 nm to 400 nm. Typically
nm increments. The total irradiance in each wavelength passband is then summed and divided by the tot
h 250 nm to 400 nm.

The minimum and maximum limits in this table are based on 24 spectral power distiibution measur
h-flame carbon-arc lamps with filters from different production lots and of various agés} used in accordal
mmendations of the manufacturer. The minimum and maximum limits are at least three sigma from the m¢
surements. Open-flame carbon-arc lamps emit significant amounts of short-wayelength UV radiation bety
280 nm. The intensity of this short-wavelength UV radiation varies with the agé.and initial transmission
extended-UV filters used, as well as the composition of the carbon rods. The‘composition of the carbon r
veen production lots and between manufacturers.

The minimum and maximum columns will not necessarily sum to100 % because they represent the
fima for the measurement data used. For any individual spectral power distribution, the percentages c
passbands in this table will sum to 100 %. For any individual opén-flame carbon-arc lamp with extendg
calculated percentage in each passband shall fall within the mihimum and maximum limits given. Test r¢
bcted to differ if obtained using open-flame carbon-arc appatatuses in which the spectral power distribut
s much as that allowed by the tolerances. Contact the manufacturer of the carbon-arc apparatus for spe
er distribution data for the carbon-arc lamp and filtersised.

The data from CIE No. 85:1989, Table 4, is the global‘solar irradiance on a horizontal surface for an air m
he column of 0,34 cm at STP, 1,42 cm of precipitable Water vapour and a spectral optical depth of aerosol ext
DO nm. These data are provided for comparisoipurposes only.

For the solar spectrum represented by CIE)No. 85:1989, Table 4, the UV irradiance (290 nm to 400 nm)
visible irradiance (400 nm to 800 nm)(is,89 %, expressed as a percentage of the total irradiance between|
nm.

hce between
ip meets the
, this is done
hl irradiance

bments with
hce with the
an for all the
veen 250 nm
properties of
ds can vary

minima and
hiculated for
d-UV filters,
sults can be
ons differed
ific spectral

hss of 1,0, an
nction of 0,1

is 11 % and
290 nm and

5.1
The

5 Factors which canaffect the spectral power distribution of open-flame carbon-3
following factors can-affect the spectral power distribution:

differences insthe’ composition and thickness of the filters can have large effects on the
short-wavelength UV radiation transmitted;

accumulation of dirt or other residues on the filter can affect the filter transmission pro

differences in the composition of the metallic salts used in the carbon rods can affect t

rc lamps

amount of

berties;

he spectral

power distribution.

5.1.

6 Irradiance uniformity

The irradiance at any position in the area used for specimen exposure shall be at least 80 % of the
maximum irradiance. Requirements for periodic repositioning of specimens when this requirement is

not

met are described in ISO 16474-1.

For some materials of high reflectivity, or/and 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 so that repositioning is not required.

©IS
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5.2 Test chamber

The test chamber contains a specimen frame, with provision for passing air over the specimens for
temperature control.

The frame rotates about the central axis of the carbon-arc holder. A typical frame diameter is 96 cm.
Other frame diameters may be used if mutually agreed upon by all interested parties. The test specimens
shall be mounted directly on the frame or mounted in holders attached to the frame. The frame may be
vertical or inclined.

The upper and lower carbon rods, as well as the filters, shall be installed in accordance with the

instructior

The appar:

limits of thie apparatus.

5.3 Rad

The radionpeter used shall comply with the requirements outlined in ISO 16474-1 and ISO 9370.

5.4 Bladk-standard/black-panel thermometer

The black-
devices giv

NOTE ’

5.5 Wet

5.5.1 Ge

Specimens
or other n
exposure g

NOTE ’

5.5.2 Re

For exposu

the humidity shall be ag’spécified in ISO 16474-1.

s of the manufacturer of the apparatus.

itus shall be fitted with equipment for programming exposure cycles within the operati¢nal

ometer

ctandard or black-panel thermometer used shall comply/with the requirements for t}
en in [SO 16474-1.

ese

'ypically, this device is controlled by black-panel temperature only.
ling and humidity-control equipment

heral

fion
and

may be exposed to moisture in theform of water spray or condensation. If condensa
ethods are used to expose thetest specimens to moisture, details of the procedures
onditions used shall be included in the exposure report.

'he relative humidity of the @ity can have a significant influence on the photodegradation of coatirgs.

ative-humidity control equipment

res where relative-humidity control is required, the location of the sensors used to meagure

5.5.3 Spray system
The test chpmber shall be equipped with a means of directing an intermittent water spray onto the fr¢nts
OI'baCkSO ava 2 peci nae ---! "'9' h e N1 sha o ni di ih ted

over the test specimens. The spray system shall be made from corrosion-resistant materials that do not
contaminate the water employed.

The water sprayed onto the test specimen surfaces shall have a conductivity below 5 uS/cm, contain less
than 1 pg/g dissolved solids content and leave no observable stains or deposits on the test specimens.

Care shall be taken to keep silica levels below 0,2 pg/g. A combination of deionization and reverse
osmosis may be used to produce water of the desired quality.

A spray system designed to cool the test specimen by spraying the back surface of the test specimen
or the test specimen backing might be required when the exposure programme specifies periods of
condensation.

© ISO 2013 - All rights reserved
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5.6 Specimen holders

Specimen holders may be in the form of an open frame, leaving the backs of the test specimens exposed,
or they may provide the test 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 test specimens, and shall be agreed on between the interested parties.

5.7 Apparatus to assess changes in properties

Thd apparatus required by the International Standards relating to the determination of,the|properties
chopgen for monitoring (see also ISO 4582) shall be used.

6 |Test specimens

Refér to ISO 16474-1.

7 |Exposure conditions
7.1l Temperature

7.1]1 Black-standard/black-panel temperature

Forreferee purposes, itis recommended that black-standard temperatures be used. However,for normal
wortk, black-panel thermometers are widely used.for open-flame carbon-arc lamp apparatus.|In the case
of the black-panel temperature, (63 + 3) °C is typically used.

NOTE1 Allowance will have to be made for-the fact that the two types of thermometer indicdte different
temperatures, due to their different thermal-conductivities (see ISO 16474-1). If a black-panel thefmometer is
usedl, the temperature indicated will be-3\2C'to 12 °C lower than that indicated by a black-standard thermometer
undpr typical exposure conditions.

If a|black-panel thermometer-isiised, then the panel material, the type of temperature sengor and the
way in which the sensor is mounted on the panel shall be included in the exposure report.

Othler temperatures may-be used when agreed on by the interested parties, but shall be stpted in the
exppsure report.

NOTE 2  Ifhighertémperatures are used for special exposures, the tendency for specimens to undergo thermal
degradation wilkincrease and this might affect the results of such exposures.

Ifwhter sprayisused, the temperaturerequirements apply to the end ofthe dry period. Ifthe thermometer
doefs not reach a steady state during the dry period after the short water- spray part of the dycle, check

spray.

NOTE 3  During the water spray part of the cycle the black-standard or black-panel temperature is close to the
water temperature.

NOTE4 The additional measurement of a white-standard/white-panel temperature with a

white-standard/white-panel thermometer according to ISO 16474-1 gives important information on the range of
surface temperatures of differently coloured test specimens.

7.1.2 Chamber air temperature

If required, the chamber air temperature may also be controlled. If so, use (40 = 3) °C unless
otherwise specified.

© IS0 2013 - All rights reserved 7


https://standardsiso.com/api/?name=b1907b195b95182abecff06afef522c8

ISO 16474-4:2013(E)

7.2 Relative humidity of chamber air

Unless otherwise specified, the relative humidity shall be set at 50 % and maintained at = 10 %.

NOTE The relative humidity of the air as measured in the test chamber is not necessarily equivalent to the

moisture co

ntent of the air very close to the test specimen surface owing to the differences in temperature of test

specimens of different colours and thicknesses.

7.3 Spray cycle

The spray cycle used shall be as agreed between the interested parties, but should preferably be one of

the followi

Spray

Spray

8 Proce

8.1 Gen

Itis recom
to allow st

8.2 Mou

Attachthet
are not sulj
areas to be

If desired, i

hg:
cycle 1 duration of spraying period (front of the test specimens): (18,0 £ 0,5) min
dry interval between spraying periods: (102,0 + 0,5) min
cycle 2 duration of spraying period (front of the test specimens)y(12,0 * 0,5) min
dry interval between spraying periods: (48,0 + 0,5) min
dure
eral
mended that at least three test specimens of ¢ach material evaluated be exposed in eachfrun

htistical evaluation of the results.

nting the test specimens

estspecimens to the specimen holdersin the equipmentin such amanner thatthe testspecinens
ject to any applied stress. Identify each test specimen by suitable indelible marking, avoidling
used for subsequent testing) As a check, a plan of the test specimen positions may be made

n the case of specimens used to determine change in colour and appearance, a portion of gach

test specimen may be shieldéd’by an opaque cover throughout the exposure. This gives an unexpdsed

areaadjace
but the dat

8.3 Exposure

Before plag

ntto the exposedarea for comparison. This is useful for checking the progress of the expospre,
4 reported shalllalways be based on a comparison with file specimens stored in the dark

ing the test specimens in the test chamber, be sure that the apparatus is operating under|the

desired co

hditions (see Clause 7) Programme 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 test specimens to a minimum.

Expose the test specimens and, if used, the irradiance-measuring instrument for the specified period.
Repositioning of the test specimens during exposure is desirable and might be necessary. Follow the
guidance in ISO 16474-1.

Replace filters after 2 000 h of use, or when pronounced discoloration or milkiness develops, whichever

occurs firs

t. Clean the filters, at intervals recommended by the manufacturer, with a clean, dry, non-

abrasive cloth or towel, or with a solution of detergent in water followed by rinsing with clean water. It
is recommended that filters be replaced on a rotating schedule in order to provide more uniformity over

© ISO 2013 - All rights reserved
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