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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 fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document addresses the methods for measuring the indoor light stability of reflection prints,
and transparent or translucent films, both colour and monochromel101(18] to [23][24] to [30] Qutdoor light
stability is addressed in ISO 18930, with additional background referenced in ISO TR 18945.

This document focuses on general guidance, which includes aspects of the testing that applies to all of
the other specific parts, including minimum performance requirements of the instruments used, details
of control systems, calibration requirements, test specimen development, and reporting requirements.
ISO 18937-2 focuses on exposures using xenon-arc lamps. ISO 18937-3 focuses on exposures using LED

lamfps. Specific testing requirements based on simulation to the defined use cases and cay

abilities of

thelinstruments are included in ISO 18937-2 and ISO 18937-3 documents.
The length of time that such photographs are to be kept can vary from a few days te 'mrany hundreds of
yeals and the importance of image stability can be correspondingly small or gréat. Often the ultimate

of a particular photograph may not be known at the outset. If display ispart of the int
wledge of the lightfastness level of colour photographs is important to‘manufacturers
t materials and to many users to match their display longevity expectations for any

genta, yellow, red, green, blue, orange, black, grey, white or¢ether colourants. Colour ph
dges typically fade during storage and display; they will usually also change in colour balan
the|various image colourants seldom fade at the same rate: In addition, a yellowish (or o
othgr colour) stain may form and physical degradation may occur, such as embrittlement ar
of the support and image layers. The rate of fading and staining can vary appreciably and i
principally by the intrinsic stability of the colour photographic material and by the condit
which the photograph is stored and displayed. For silver halide prints, black and white or
quallity of any chemical processing is another important factor. Post processing treatment
profuction treatments, such as application-ef lacquers, plastic laminates, and retouching c
may affect the stability of colour materials.

ographs can be-obtained from accelerated light stability tests. These require specia
ipped with highsintensity light sources in which test strips can be exposed for days, wee

ended use,
o improve
given use

1p of cyan,
otographic
ce because
Ccasionally
d cracking
5 governed
ions under
colour, the
5 and post-
dlours, also

ation/light
ce, and the
\d staining
ige quality.
ause rapid
y of colour
test units
ks, months,
rature and

but the test
fisfactorily

3 ek ability—te s A behaviou oy olovr—images under
normal display conditions may be complicated by “reciprocity failure." When applied to light-induced
fading and staining of colour images, reciprocity failure refers to the failure of a colourant to fade, or
to form stain, equally when irradiated with high-intensity versus low-intensity light, even though the
total light exposure (intensity x time) is kept constant through appropriate adjustments in exposure
duration. The extent of colourant fading and stain formation can be greater or smaller under accelerated
conditions, depending on the photochemical reactions involved in the colourant degradation, on
the kind of colourant dispersion, on the nature of the binder material, and on other variables. For
example, the supply of oxygen that can diffuse into a photograph’s image-containing layers from the
surrounding atmosphere may be restricted in an accelerated test (dry gelatine, for example, is an
excellent oxygen barrier). This may change the rate of colourant fading relative to the fading that would
occur under normal display conditions. The magnitude of reciprocity failure may also be influenced by
the temperature and moisture content of the test specimen prints. Furthermore, light fading may be
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influenced by the pattern of irradiation — continuous versus intermittent — as well as by light/dark
cycling rates (see Annex A).
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Imaging materials — Methods for measuring indoor light

stability of photographic prints —

Part 1:
General guidance and requirements

1 (Scope

Thif document provides information and general guidance about the methods forymeasuring
lightt stability of reflection prints, both colour and monochrome, transparent grtranslucenf
photographic prints for backlit displays. This document is relevant to the selection and oper
methods of exposure to radiation and environmental stress factors describéd in detail in ¢
parfs. It also describes general performance requirements for devices used for exposi
material to laboratory light sources. Information regarding performanee requirements is for
of aftificial accelerated lightfastness devices.

NOTE
radijation, infrared radiation, or any combination of these types ofitadiation.

This document does not include test procedures for determining the effects of light expos
physsical stability of images, supports, or binder matérials. However, it is recognized th
instlances, physical degradation such as support embrittlement, image layer cracking, or de
of an image layer from its support, rather than-the stability of the image itself, determines

the indoor
films, and
htion of the
ubsequent
hg printed
producers

In this document, the term “light source” refers to radiation sources that emit UV radidtion, visible

ure on the
ht in some
lamination
the useful

and media

bir content
pplies. For
[s) applies.

life jof a print material.

Pript image stability results determined fot one printer model, software settings, colorant,
conpbination may not be applicable to.another combination.

2 |Normative references

The following documents_are referred to in the text in such a way that some or all of th
congtitutes requirements-of this document. For dated references, only the edition cited 3
undated references,thelatest edition of the referenced document (including any amendmen
[SO[18913, Imaging'materials — Permanence — Vocabulary

3 |Terms and definitions

For|th®purposes of this document, the terms and definitions given in ISO 18913 apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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4 Princ

iple

4.1 General

4.1.1 Specimens of the samples to be tested are exposed to laboratory light sources under controlled
environmental conditions. The methods described include the requirements for the measurement of
the irradiance (or illuminance) and radiation exposure in the plane of the specimen, the temperature of

specified b

4.1.2 The

of image
can be use|
respect to
reporting 1

42 Sig

421 Wi
consider h
to the ligh
of variabil
interpretin

4.2.2 Ev¢
factor” rel
exposure t
following 1
a) Accele
and fo

exposures.

b) Accele

and filtered daylight or other illuminations representative for specific indoor use profiles (d

when
moistu
solarr

NOTE 1
they are ba
eXposures §
methods.

lack panel sensors, the chamber air temperature, and the relative humidity.

aterials with respect to one specific failure mode. Data from the test methods in this'se
d in stand-alone reporting of the absolute or comparative stability of image matefials v
he specific failure mode described in this document, when reported in accordance’with|

equirements of this document.

ificance

en conducting exposures in devices that use laboratory light soGrces, it is importa
bw well the accelerated-test conditions simulate the actual-usé.environment with re

ty in both the accelerated test and actual exposures when setting up experiments
g results from those exposures.

bn though it is very tempting, it is invalid to assigh to all materials a “general accelera
hting “x” hours, megajoules, or klx-hours of radiant exposure in an artificial acceler:
b “y” months or years of actual exposure. Such'general acceleration factors are invalid for]

easons.

Fation factors are material-dependent and can be significantly different for each mate
' different formulations of the sanie'material in both actual-use and artificial accelerz

dentical passbands are-used) do not take into consideration the effects of temperat
re, and differences-in_relative spectral irradiance between the laboratory light source
hdiation.

\cceleration facters determined for a specific formulation of a material may be valid, but onl
ted on data'from a sufficient number of tests in the end-use environment and artificial acceler
o that résults used to relate times to failure in each exposure can be analysed using statis

b

[ spectrum for the sample being tested. In addition, it is eSsential to consider the eff

lity
ries
vith
the

to
ect
pcts
and

fion
ted
the

rial
ted

Fation factors calculated based on the ratio of irradiance between a laboratory light soyrce

ven
Lure,
and

lly if
hted
Fical

ted

4.2.3 Th

bre-are a number of factors that may decrease the degree of correlation between accelersz

tests using

a)

laboratory light sources and exposures in end-use conditions:

indoor use case;

irradiance/illuminance levels higher than those experienced in actual-use conditions;

rk periods;

specimen temperatures different than those in actual conditions;

coloured specimens;

for the
b)
c)

any da
d)
e)
2

© IS0 2023 - All rights rese

differences in the relative spectral irradiance of the laboratory light source and that representative

exposure cycles that use continuous exposure to radiation from a laboratory light source without

exposure conditions that produce unrealistic temperature differences between light- and dark-

rved


https://standardsiso.com/api/?name=6744291058cee0fdf19852d3e59e1a38

ISO 18937-1:2023(E)

f)

unrealistic levels of moisture in the accelerated test compared with actual-use conditions.
4.3 Use of accelerated tests with laboratory light sources

4.3.1 Results from artificial accelerated exposures conducted in accordance with any of the parts of
this document are best used to compare the relative performance of materials. Comparisons between
materials when tested in different exposure devices must consider variables inherent to the design of
those devices. Results can be expressed by comparing the exposure time or radiant exposure necessary
to reduce the level of a characteristic property to some specified level. A common application of this is
a test conducted to establish that the level of quality of different batches does not vary from that of a

con

4.3
of ¢

NOTI

frol of known performance.

2 Itis strongly recommended that at least one control be exposed with each testAfor t
bmparing the performance of the test materials to that of the control.

E A control would be a material of similar composition and constructiéon)to the test 1

example would be when a formulation different from one currently being manufa¢tured for comm

bein

4.3
tim
acc
use
exp|
exp

4.4

4.4
reg
life.

4.4
con

con
the
will

4.4
of t

of g

testEad and when the type of degradation is the same. Even if results from a specific exposure test
ducted in accordance with any of the parts of this document are found to be useful for|comparing
relative durability of materials exposed in a particular environment, it cannot be assumegd that they

be useful fordetermining the relative durability of the same materials in a different envjironment.

g evaluated. In this case, the control would be the material made with the griginal, or current, fo

3 Insome specification tests, properties of test specimens areg'evaluated after a specifi
b or radiant exposure using a test cycle with a prescribed set of conditions. Resultg
tlerated exposure test conducted in accordance with any of the parts of this document sh
H to make a “pass/fail” decision for materials, based on the level of a specific property aftg
psure time or radiant exposure, unless the combined\reproducibility of the effects of a
psure cycle and property measurement method has been established.

Other limitations

1 Conversion of data obtained from:these methods for the purpose of making public
hrding product life should be in accordance with the applicable documents for specificat

2 No accelerated laboratery exposure test can be specified as a total simulation of
ditions. Results obtained-from laboratory accelerated exposures can be considered as rep
tual use exposures only-when the correlation has been established for the specific mate

e purpose

haterial. An
brecial use is
Fmulation.

C exposure

from any
puld not be
r a specific
particular

statements
on of print

actual use
rfesentative
rials being

3 Print image stability results from the test methods in those documents, especially in terms
he Anfount of acceleration and/or correlation to end-use service life, that are determined for one

prigted model, software settings, colorant, and media combination should not be applied |to another

printer model, software settings, colorant, and media combination.

4.5

Safety cautions

In light stability tests, a high irradiance level is used, often with significant UV content. Special care
should be taken to avoid eye injury or skin erythema. Precautions should be taken to ensure that the
light source cannot inadvertently be viewed without suitable eye and skin protection.
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5 Requirements for laboratory exposure devices

5.1

Irradiance

5.1.1 Laboratory light sources are used to provide irradiance for the test specimens. In ISO 18937-2, a
xenon-arc lamp for use with dedicated optical UV filters is specified and in ISO 18937-3 an LED lamp is

specified.

5.1.2 The exposure device should prov1de holders or space approprlate for placement of spec1mens

and any d
source.

5.1.3 Ex]
for specim
for measur

NOTE
configurati
by the type

5.1.4 If 1
and 90 %
variability
interested

NOTE
be used to 1

device manfifacturer for guidance.

5.1.5 Ift
maximum
to ensure

this case, it is nevertheless good practice «in order to assure that the variability in exposure stre

experience

NOTE 1
repositioniry
specimens.
relative cot

material coinbinations.

NOTE 2 )|
in the condi

T

T

Depending on the speeific” sensitivity of the material to the exposure stress factors, peri

Fions within the exposure area.

£
.aDlSllClLCu Dcllbllls ucvu,co lll PUDILIUIID LllCll, ClllUVV uuuu1 111 ulauuuu,c ITUIIT LllC 1au1a

posure devices should be designed such that the irradiance at any location in the-area y

ing irradiance uniformity by the device manufacturers are given in AnnexB.

he irradiance (illuminance) uniformity in exposure devices depends on several factors, such as
n of the lamp with respect to the exposed samples. In addition, irradiance uniformity can be affe
pf specimen and the number of specimens being exposed.

of the maximum irradiance, specimens should be perigdically repositioned to reduce
in radiant exposure. The repositioning procedure and:$chedule should be agreed upon b
parties.

here are several possible procedures, including random positioning of replicate specimens, that
educe the variability in exposure stresses experienced by specimens during exposure. Consulf

he irradiance at any position in the area used for specimen exposure is at least 90 % of
rradiance, it is not necessary to use'periodic repositioning of the specimens during expos
Iniform radiant exposure. Whilé periodic repositioning of the specimens is not necessar

d during the exposure period'is kept to the minimum.

g of the specimensis:good practice to minimize variability of material degradation in repli
Minimizing variability in exposure stress levels is especially important when the test invd
hparison of prifits“made with different printing methods or with different colourant/subst

Random placement of replicate specimens is also good practice to reduce the effect of any variab

5.1.6 Follow the device manufacturer’s instructions for lamp and filter replacement and for any |

he minimum irradiance at any position in the specimen-exXposure area is between 8

Fion

sed

b exposures is at least 80 % of the maximum irradiance measured in this ared. Procedyres

the
Cted

%
the
 all

can
the

the
ure
y in
bses

pdic
cate
lves
rate

ility

ageing of lamps and/or filters.

5.1.7 General

DIre-

5.1.7.1 A radiometer for measuring irradiance in a specific wavelength range or a narrow passband
that complies with the requirements outlined in ISO 9370 should be used to measure the irradiance, E,
or spectral irradiance, E;, and the radiant exposure, H, or spectral radiant exposure, H,, in the plane of
the specimen surface.

5.1.7.2 Alternatively, a radiometer for measuring illuminance that has a spectral response
corresponding to the photopic standard luminous efficiency V(A), which is identical to the colour-
matching function y(A) specified in ISO 11664-1 should be used to measure the irradiance (illuminance).
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In this case, the irradiance (illuminance) is reported in lux and the radiant exposure is reported in
lux-hours.

5.1.7.3 The radiometer should be mounted so that it receives the same radiation as the specimen
surface. If it is not positioned in the specimen plane, it should have a sufficiently wide field of view
and be calibrated for irradiance at the specimen distance. The radiometer should be calibrated using a
light source filter combination of the same type that will be used for testing or an appropriate spectral
mismatch factor has been taken into account, especially for passband radiometers. The calibration
should be checked in accordance with the radiation measuring instrument manufacturer’s instructions.
A full calibration of the radiometer that is traceable to a recognized radiometric standards body should

be jonducted at Ieast O1ice per year. More Irequent calibrations are recommended.

NOTE1 ASTM G130[ provides specific guidance on the calibration of radiometers using spec¢troradiometers.
Thig method can be used to calibrate the instrument radiometer(s).

NOTE 2  SeeISO 9370 for definitions of field and reference radiometers.

NOTE 3  The definition of passbands is found in ISO 9370.

5.1{74 When measured, the irradiance in the wavelength range agreed upon by all interesfted parties

a specific
is centred

sho
way
aro

1ld be reported. Some types of device provide sensor(s) for, measuring irradiance in
relength range (e.g. 300 nm to 400 nm or 300 nm to 800 nm), ifr a narrow passband that
ind a single wavelength (e.g. 340 nm or 420 nm), or for measuring illuminance (lux).

5.2 Temperature

5.2]11 The surface temperature of exposed materials depends primarily on the amount df radiation

abs
the
and
and
(sed
sur
and
The
spe
and

5.2
The
abo|
of €
wit
tha
sho

brbed, the thermal emissivity of the specimen*at the specimen surface temperature, the
'mal conduction within the specimen andthe amount of heat transmission between th
the air or between the specimen andsthe specimen holder. The rate of air flow over th
its sample holders influences the total amount of heat continuously extracted from th
also 5.3.5 and 5.6.3 for other effécts of chamber air flow). Since it is not practical to n
face temperature of individual test specimens, a specified black-panel sensor is used {
control the temperature of'a representative specimen surface under given exposure

black surface of the black'panel sensor should be measured, controlled, and mounted
Cimen exposure area so.that it is in the same plane and orientation and receives the sam|
experiences the sanie cooling conditions as a flat test panel surface.

2 An uninsulatéd black-panel thermometer should be used as a reference temperat
se panels consist of a plane (flat) metal plate that is resistant to corrosion. Typical dimg
jut 150 mm long, 70 mm wide, and 1 mm thick, but these dimensions may vary depending
kxposurexapparatus used. The surface of this plate that faces the radiation source shoulg
h a black layer which has good resistance to ageing. The coated black plate should refle

amount of
b specimen
b specimen
b specimen
honitor the
0 measure
conditions.
within the
e radiation

Ire sensor.
nsions are
bn the type
| be coated
ct no more
ve element

N0 % of all incident radiation from the light source, up to 2 500 nm. A thermally sensiti

131 £

- 1 dede 1 h e 41 4 £ 41 pa | £ Tl 4] 1l ade. 1
TUOUCTTITNIITY dttdUIITU TU LT LTI T UT LT TAPDUSTU SUT IALT. TS LIICTIIAITy STIISITIVE TITI

1ent can be

a black-coated bimetallic dial sensor, a resistance-based sensor, a thermistor or a thermocouple. The
back side of the metal panel should be open to the atmosphere.

5.2.3 Thetemperature indicated by the black-panel thermometer depends on the irradiance produced
by the laboratory light source and the temperature and speed of the air moving in the exposure
chamber. Black-panel temperatures generally correspond to those for dark coatings on metal panels
without thermal insulation on the rear side.

5.2.4 At low irradiance/illuminance levels, the difference between the temperature indicated by a
black-panel thermometer and the real specimen temperature may be small. When radiation sources
that emit very little infrared radiation are used, there will generally be only very small differences

© IS0 2023 - All rights reserved
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in the temperatures indicated by the two types of black panel or between light- and dark-coloured
specimens.

5.2.5 Chamber air temperature should be measured and controlled. The temperature-sensing element
should be shielded from the radiation source. The chamber air temperature measured at this position
may not be the same as the chamber air temperature near the surface of the exposed specimens.

5.2.6 Calibrate the temperature sensors used to measure the black panel thermometer and chamber
air temperature in accordance with the sensor manufacturer’s instructions at least annually.

5.3 Hunpidity

5.3.1 Deyices operated in accordance with any of the parts of this document may have meang for
providing felative humidity control of the chamber air.

5.3.2 If humidity is provided and controlled, the purity of the water used is.important. Without
proper treatment to remove cations, anions, organics and silica, exposed specimens will develop spots
or stains that do not occur in actual-use exposures. The conductivity of the water used should be [ess
than 5 puS/¢m. Testing the water for silica content or organic impurities is also highly recommended.

5.3.3 If g§pecimens are found to have deposits or stains after exposure, the water purity should be
checked to|determine whether it meets the purity requirements specified in 5.3.2.

5.3.4 Alljcomponents of the humidification unit should befabricated from a material that does|not
contaminate the water with materials that could absorb UV radiation or form unrealistic deposit$ on
test specinpens.

5.3.5 If Qumidity control is required, sensors used to measure humidity should be placed within|the
chamber ajr-flow and shielded from direct radiation. Humidity sensors should be calibrated at l¢ast
annually irf] accordance with the exposure dévice manufacturer’s instructions.

5.4 Maximum allowable deviations

See Table 1| for maximum allowable-deviations from the set points for all controllable parameters.
5.5 Oth¢r requirements for the exposure device

5.5.1 Although various designs of exposure device are used in practice, each device should meet|the
following rlequirements:

a) Any deviee intended to simulate the effects of light and dark cycles should have an electrgnic
controflepor mechanical device to programme periods with or without radiation.

b) Any device that provides periods during which the exposure conditions are different have means
to time each period. The length of each exposure period should be controlled to within +10 %
of the shortest period used. It is desirable to use timers that are as accurate and have as high a
repeatability as possible. Optionally, a means to record the length of each test period may also be
provided.

5.6 Air quality in the test environment

5.6.1 Some types of print materials can be highly sensitive to degradation caused by ozone or other
airborne pollutants. Therefore, the test facility where print specimens are made, dried, exposed and
measured, should be ozone free (<2 nl/I average over any 24 h period) for ozone sensitive samples, as
determined according to ISO 18941. A material that is not sensitive to ozone should have demonstrated

6 © IS0 2023 - All rights reserved
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no measurable D, ; or printed patch colour change at ambient ozone exposure levels and measurement
condition temperature and humidity.

NOTE nl/1=1ppb (1 x 10-9). Although the notation “ppb” (parts per billion) is widely used in the measurement
and reporting of trace amounts of pollutants in the atmosphere, it is not used in International Standards because
itis language-dependent.

5.6.2 Either active or passive ozone monitoring can be used. Active monitoring includes real-time
measuring and logging of ozone levels in the test facility. Passive monitoring measures long-term
cumulative ozone levels yielding a final verification that pollutant levels were at or below acceptable

e whether

levels_during the test Active monitoring is preferred as passive monitoring cannaot indica
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conditions were valid until the test is completed.

3 Ifnecessary, the apparatus can be fitted with an appropriate filter in the incoming ¢
am to reduce the ozone concentration levels.

E The susceptibility of specimens to a given level of airborne pollutants in thelair of the test e
oratory) can be qualitatively assessed by exposure of replicate specimens to the condition of hig|
rkened section of the test environment (with the same air quality), runhing parallel to the iy
ribed in this document. If "no measurable change" is obtained as a result-of this additional expos|
prial is regarded as "not susceptible to airborne pollutants” for the duration of the test and for t}
ronment. This approach represents a fail-safe test for each imaging'material of interest that in

Test specimens

Form, shape and preparation

methods used for the preparation of test specimens can have a significant impa
arent durability. Therefore, the methad used for specimen preparation should be agre

ing the exposure and will not affect’the measurement of the desired properties. Do no

psed surfaces of specimens or the/optical components of the device with the bare skin b
kely to transfer oils that may‘act as UV absorbers or contain contaminants that affect deg

Specimen selectionypreparation, mounting, and conditioning

1 Sufficient replicates of each control and each test material being evaluated are ng
icates for alltest and control materials. Replicates should be located for testing in differ

e test ciamber volume. When material properties are measured using destructive tests
bf specimens is needed for each exposure period.

2/ Reference specimens are recommended to be included in_every exposure teg

hamber air

nvironment
h air flow in
tended test
Lre test, the
e given test
fegrates the

Cts of ozone and all other potentially harmful pollutants that could'be present in the laboratory afmosphere.

t on their
ed upon by

interested parties. Label test and control specimens using markings that will not becomne illegible

t touch the
bcause this
rradation.

cessary in

br to allow stdtistical evaluation of the results. Unless otherwise specified, use a mininpum of two

bt regions
a separate

t to track

consistency of the test procedures as well as unintended changes of test conditions. See ASTM G156[12]
for more information on the definition and use of reference specimens as a means to monitor consistency
of conditions in an exposure test.

6.2,

3

It is recommended that reflection prints be backed with a non-reactive and non-yellowing

white material such as 100 % cotton cellulose mount board (100 % “rag” board) or metal (e.g. white-
painted aluminum or stainless steel plate) to ensure dimensional stability. If a backing material is used,
it should be reported[®]. Note that use of a backing will reduce the efficiency of backside cooling and
therefore increase specimen temperature.

6.2.4 All specimen positions should be filled with specimens - or with dummy specimens which are
equivalent in average density or reflectance to the actual test specimens.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=6744291058cee0fdf19852d3e59e1a38

ISO 18937-1:2023(E)

6.2.5 For general testing purposes, users of this document are free to choose whatever target, patches
and starting densities they feel are appropriate for their testing needs. An example of such a target
is included in ISO 18944, along with requirements and recommendations for specimen preparation.
Applicable document(s) for specification of print life may require the use of specific targets. Other
recommendations for specimen preparation are contained in ISO 18909 and ISO 21139-1. Image
prints may also be used. When specific starting densities are desired or required, there cannot be a
step on a printed test target that corresponds to the exact desired density. Interpolation between two
neighbouring density patches can be used to predict the values for the exact desired starting density.
See ISO 18944 for details on interpolation between two neighbouring density patches. Other designs
and formatting may be used for physical property testing.

6.2.6 Aqpeous and solvent inkjet prints, and prints of any type that require curing/stabilization/tliry—
down shoulld be conditioned until curing is finished. If the duration of curing is unknown, prints shquld
be conditigned for two weeks after printing, in an environment with a temperature of\(23 * 2] °C,
with a relative humidity (RH) of (50 £ 5) %. The print conditioning environment should Be ozone-free
(<2 nl/1 average concentration over any 24 h period) for ozone-sensitive target prints,)as determined
in accordapce with ISO 18941. During the conditioning period the prints should bemaintained \Fth
unrestricted airflow. Prints of any types that do not require curing/stabilizatien/dry-down should be
held for at |east 24 h. Measurements should be conducted after conditioning er-print hold.

7 Test ¢onditions and procedure

7.1 Allowable deviations from the set points

The conditions and procedures for the artificial acceleratéd exposure depend upon the particplar
method selected. Refer directly to the appropriate part of ISO 18937. For each exposure test, specifi¢ set
points for important parameters such as irradiance, temperature and humidity are used. Typically, their
parameterf are measured and controlled at a single-position within the test chamber that is knowh as
the control point. Table 1 lists the maximum allowable deviation from the set point when the expoqure
device is operating at equilibrium conditions. The 24 h running average of the operational fluctuatjion,
sampled at|least every 15 min, should be within the range noted in the below table for each paramgter.
The running average should not include the-test condition transition time which occurs when the fest

condition ip initiated. This transition tirhe should be at most 1 h.
[able 1 — Maximum allowable deviation from exposure condition set points
Set{point parameter Maximum allowable deviation Maximum 24 h deviation from
from the set point at equilibrium the set point
Irradipnce or Illuminance 7 % of set point 4%
Blacktpanel tempgrature +3°C *1°C
Chamber airtemperature +2°C +0,5°C
Relative'humidity 6 % 2%
NOTE A lno]p point measurement does not mean conditions fhrmlchnnf the exposure chamber are the same IThe
maximum allowable deviation refers to the operational fluctuation around the set pomt It also does not mean two tests
run in similar exposure devices will produce the same results.

7.2 Duration of exposure
The duration of exposures should be determined with the following considerations:
a) Total exposure required, for example

1) total exposure expected in the usage,

2) total exposure required for the warranty, and
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3) total exposure stipulated as endpoint criteria in the applicable International Standards for

specification of print life, when such a specification document is available.
Total exposure that will cause an aim change, for example

1) total exposure that will cause expected change, and

2) total exposure that will reach endpoint criteria specified in the applicable International

Standards for specification of print life.

c) Total exposure required to cause a change to be reliably detected beyond the noise of the system,

test result
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has progressed beyond the noise of the test system.

5 test method does not include test endpoints to establish test duration.
hge of different materials under exposure.

Test report

General reporting requirements

orting based solely on this test method should be restricted to reporting the specific lig]

rmediate evaluations are recommended in order to better understand varying rates ofr trends of

ht stability

result for the specific system tested. Users are cautioned that results from this test me
 to the specific system tested. For example, in inkjet systems, a specific ink used wit

thod apply
a specific

medlia may have very different results from another:fest reporting should include this disclaimer.

The
for
cold
den|

endpoint criteria, and therefore, the:measurement results of this test method should n
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adhlesion, and chefmical analytical results (e.g. FTIR) can be reported.

8.2
Thd

results of these tests are reported as the amount of densitometric or colorimetric chan
a given cumulative exposure, or cumulative exposure to reach the observed densi

sitometric or colorimetric change asithe Y-axis. The light source-specific methods do

ependently to estimate or predict-any aspect of print image life.

tests have not been designedto cause physical deterioration of the print, but any visual ol
rint quality degradatior, such as loss of sharpness, and physical deterioration, such as @
'king, or delaminatiom;that occurred during the test should also be reported.

ending on evaluation context, results from physical test methods, including brittlenes

LightSstability reporting requirements

repott of test results should include the following:

observed
metric or

rimetric change. Data are commonly reported in graph form, with exposure level as thel X-axis and

ot contain
bt be used

servations
url, cockle,

5 and layer

a)

A £ ] 1 — 1cAa-4QQa7 4 3030
A TCICICIICT LU LIS UUCUIIICIIL, 1.C. 10U 1070 /771.4ULO,

b) Details of specimen prints, if known. For digital output specimen prints, this should include

©IS

— the printer model, printer driver version, printer driver settings, printer front pan
the name of the host application used in generating the print, the cartridge configu
the colour controls selected in that application,

— the colorant (ink, toner, donor, ribbon, etc.), and

el settings,
ration, and

— the mediaused (manufacturer’s name and product name), and any other necessary information,

such that the print file can be reproduced by another user of this document.
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For silver-halide based specimen prints, the processing conditions (i.e. chemicals, procedures) should
also be reported.

In all cases any post-processing treatments that may have been applied to the prints should be reported.

c) Testtargetdesign,including the target patch encoding values of the patches selected for monitoring
in the test, and the corresponding initial densities (i.e. 1,0) of the neutral and colour patches; the
number of replicate test specimen prints included in the test.

d) The test method (the light source and filter system, if necessary) and test conditions (light intensity,

Fion
should be provided.

e) Whether or not a backing material was used behind the specimen print in the test (if & backing
material was used, specify its characteristics).

f) Duratipn of the test.

g) Measufrement environment and specimen holding conditions, temperature, relative humidity,
ozone,|and illuminance or irradiance levels, fluctuations, and uniformity;if they differ from|the
stipulqted conditions.

h) The backing used during the evaluation measurement or the-nfaterial opacity of the backing
according to 1SO 2471.

i) the amount of densitometric or colorimetric change and cumulative exposure to reach the obserjved
densitpmetric or colorimetric change

NOTE hen reporting for comparison, test reporting is valid only when the test conditions have produded a
fade signal (loss or gain) that can be statistically separated from test noise. For other test purposes, reporting the
results fronp tests conducted for a cumulative exposure or‘test condition that does not produce a separable fade
signal can bje useful.
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Annex A
(informative)

Evaluation of light stability reciprocity behaviour

A.1

General
=enera:

Depending on the nature of the specific products to be tested, an assumption of reciprocal
or adherence to the reciprocity law, may not be valid. This is especially important if the user

behaviour,
is going to

malke predictions of performance at ambient light levels based on accelerated test results ¢btained at

thelhigher light levels. In which case, it is advisable to track the behaviour of light degradat
intgnsities versus lower intensities, in order to validate the predictions of pesformance at an
levgls. The reciprocity law was originally proposed in 1862 by Bunsen afd-Roscoe. It stat
response (e.g. change in density) of a light-sensitive system is proportiohal to the total energ
is independent of the rate at which the energy is supplied[12], wheréthe total energy (or
exppsure) is the product of intensity (illuminance or irradiance}\and time. In many ph
systems this is true. However, in some traditional photographic§ystems, several non-traditi
output systems, and under some extreme exposure conditions, the change in density is not iy
of the rate at which the energy is supplied[16ll17], This is saido be reciprocity law failure.

If predictions of performance are to be made based on tests at very high light levels, it is rec
that a check for adherence to the reciprocity law beperformed. To do so, it is recommende
stability tests be conducted at two or more intensities to a common cumulative exposuré
cas¢ with the other light fade tests contained iwthis document, it is critical that these tests
out|under environmental conditions of temperature, humidity, and air quality such that

subktantial contribution of these factors to'the observed amount of change. For example, if
print is known to fade in response to lowtlevels of ambient ozone, then the results of a test r
intgnsity for longer periods of time-would be confounded by the larger contribution to th
fad¢ caused by the longer exposure to' ambient ozonel23],

A ré
den
by §

ciprocity factor is defined as the ratio of the change in density at the low intensity to th
sity at the high intensity with both intensities run to a common cumulative exposure, 3

formula (A.1):

Rt =Apyoy intensity /Ap high intensity

For|a specified\cumulative exposure.

Rediprocity factors greater than one and less than one have been observed in imaging syst

which’can result in under, and over prediction of the colorant loss. Because reciprocity f§

ion at high
hbient light
es that the
by received
cumulative
otographic
bnal digital
dependent

bmmended
[ that light
. As is the
be carried
there is no
h specimen
in at lower
b observed

b change in
s provided

(A1)

ems[171[18]
ctors both

greater and less than one have heen ohserved in imaging systems it is important that recip

ocity tests

be run for each imaging system in question.

If reciprocity failure is noted it is recommended that tests be run to check for confounding

factors. As

mentioned above, apparent reciprocity could be introduced as a result of uncontrolled environmental

factors not related to light fade, unexpected test equipment variability, or both[121[30],

If reciprocity failure is still noted after double-checking for confounding factors, then any comparisons
or predictions with respect to light fade should be based solely on the lower intensity condition. Using
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the condition that is closer to the ambient condition reduces the impact of reciprocity failure, if any, and
is statistically superior, as it requires a smaller extrapolation of the datal13][14],

NOTE It is very important to correctly assess the impact of intensity versus time of exposure when
calculating and applying reciprocity factors. To do so, carry out both the high and low intensity tests to a
common cumulative exposure and compare the observed colour fade under both conditions in order to calculate
the reciprocity factor. In contrast, running the test to the same level of observed colour fade and comparing the
different amounts of cumulative exposure may result in an incorrect and variable factor when the colour fade
follows other than a linear function.

When evalpating reciprocity, use a high-intensity test and a low intensity test with the radiation lgvel
of the lowdr intensity test set to 1/10 or less than the high intensity test. The lower intensity|tests will
require proportionally longer test times. To help reduce the time required for a reciprogity*evaluatfion,
it may be yseful to use relatively small amounts of density losses and colour balance changes (e.g. b %
or 10 %)[13[14],
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Annex B
(informative)

Example of chamber uniformity verification method

The chamber fade unlformlty target and the patches in the target should be the same size as the
plapnedtightstabi e get-and-cor east-one-column-ofequal-value-0,75+0-050D (optical

primft denSIty) patches for each primary colorant of the print systems under test. Refer to’the example
chamber fade uniformity target in Figure B.1.

If the test includes media types that are sensitive to air contamination such as ozone, and tdmperature
and humidity variation, produce chamber fade uniformity specimens with media that havle a similar
senpitivity to those factors. A combination of silver halide photo media and d¥& inkjet on porous photo
medlia can satisfy this requirement. Distribute media types selected throughout the chambef.

In 4 chamber with stationary specimens, distribute print materials @venly throughout the exposure
zong. In a chamber design in which specimens rotate through the $ame space, such as a rofating rack
style, distribute print materials such that there are at least three replicates per print mfaterial per
rotational tier planned for use in the light fade test. For example; two print materials would|require 18
totdl specimens for a 3-tier rotating rack style chamber.

Conduct the chamber fade uniformity exposure cycle i1-a manner consistent with the plgnned light
stability testing, continuing until reaching an average’of 30 % * 10 % OD fade in one or rhore of the
prinary cyan, magenta, and yellow colorants for each of the two test materials. Measure arld compute
prinary colorant average fade percent for the specimens of each media type at sufficient frequency
to gnsure capturing the 30 % + 10 % OD average fade values for at least one primary for gach media.
Record and retain specimen location and patch within specimen location with each data recprd, for use
in determining chamber fade uniformityfimprovements.

Calgulate the chamber fade uniformity using the fade data of all of the patches in each primafy colorant
pat¢h set, for each print material, that achieves 30 % * 10% OD average fade. Note that the juniformity
of the colorants that do not cemplete to at least an average 30 % OD fade need not be caldulated. For
example, if all cyan patchesof-d print material in the test measure between 14 % to 24 % OD fade with
an gverage of 17 % OD fade, do not include the cyan patch set for that print material in the uniformity
calqulation (until furtliestesting of these specimens causes a 30 % * 10% OD average fade). However, if,
for pxample, the magenta patches on that print material do achieve 23 % OD average fade, then further
fading of the cyan.patches is not necessary. If the magenta patches measured between 16 % to 25 %
OD ffade, then the calculated uniformity is 64 % (16/25). Moreover, if the yellow patches onp that print
maferial measured 33 % OD average fade, then fade uniformity would also be calculated usjing the full
set pf yellow*patches on that print material.

Based on the measured results adjust the specimen area, spec1men mounting, specimen rearfrangement
plair, 3 OW SYSTenT, altd eI PIaCEITe O dCITeve e Tequired Fmber fade umifority, while
maintaining all test conditions. Periodic specimen rearrangement may be included to manage fade
uniformity. This may include rotation about the exposure zone in flat-bed configurations, moving
specimens from tier-to-tier in multi-tier rotating rack configurations, or inverting specimens for single
and multi-tier rotating rack configurations.

One method to improve uniformity without changing equipment is simply to reduce the utilized
specimen holder light exposure area by reducing the area used by the test specimen print within the
specimen holder. For example, eliminate patches near the edges of the bracket or reduce patch size. Use
a patch that complies with the required patch size relationship to the planned measurement instrument
aperture, as stated in ISO 18944. Continuing with the example above in which the magenta uniformity
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