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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

elect

rotechnical standardization.
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Introduction

This International Standard addresses the methods and procedures for measuring the indoor light
stability of reflection colour photographs.[6](8][2][18]-[23][30]

The length of time that such photographs are to be kept can vary from a few days to many hundreds of
years and the importance of image stability can be correspondingly small or great. Often the ultimate
use of a particular photograph might not be known at the outset. Knowledge of the useful life of colour
photographs is important to many users, especially since stability requirements can vary depending

upon the application.
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In, equally when irradiated with high-intensity versus low-intensity light, even thoug

of most modern analog and digitally-printed colour photographs are made up_ of

llow, red, green, blue, orange, black, gray, white or other colourants. Colour phetogr
rally fade during storage and display; they will usually also change in colour balance beg
image colourants seldom fade at the same rate. In addition, a yellowish (er\occasio
) stain can form and physical degradation might occur, such as embrittlemeént and cra
rt and image layers. The rate of fading and staining can vary appreciably and is govd
by the intrinsic stability of the colour photographic material and by the conditions y
hotograph is stored and displayed. The quality of any chemiecalDprocessing is an
ctor. Post-processing treatments and, in the case of digitally generated photographs,
freatments, such as application of lacquers, plastic laminates, and retouching colours
e stability of colour materials.

exposure to light, the spectral distribution of the illumination, and the ambient tempery
y conditions. However, the normally slower darkfading and staining reactions also pra
ay periods and will contribute to the total change in image quality. Ultraviolet radi
Fly harmful to some types of colour photographs and can cause rapid fading as wy¢

of plastic layers such as the pigmentedipolyethylene layer of RC (resin-coated) p

about the light stability of colour-photographs can be obtained from accelerated
ts. These require special test units equipped with high-intensity light sources in v
an be exposed for days, weéks; months, or even years, to produce the desired amou
b (or staining). The temperature of the sample prints and their moisture content needs
hroughout the test periadyand the types of light sources need to be chosen to yield dat4
lated satisfactorily with those obtained under conditions of normal use.

light stability tests for predicting the behaviour of photographic colour images y
taining of €olour images, reciprocity failure refers to the failure of a colourant to fac
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of colourant dispersion, on the nature of the binder material, and on other variables. For example the
supply of oxygen, which can diffuse into a photograph’s image-containing layers from the surrounding
atmosphere, can be restricted in an accelerated test (dry gelatine, for example, is an excellent oxygen
barrier). This can change the rate of colourant fading relative to the fading that would occur under normal
display conditions. The magnitude of reciprocity failure can also be influenced by the temperature and
moisture content of the test sample prints. Furthermore, light fading can be 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 — Photographic reflection prints —
Methods for measuring indoor light stability

1 Scope

This International Standard descrlbes test equlpment and procedures for measurmg the llght stability of
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“cool white”, and d) other types of illumination sources, such as other)fluorescent lam
en, LED, OLED and metal halide lamps.

nternational Standard isapplicable to reflection colour printgmade with colour hardc

sRpartments,
d at specified
hotographic

ated indoor
llumination
ps, tungsten

opy materials
ded are inkjet prints, thermal dye diffusion transfer (“dye-sub”) prints, liquid- a:[:i dry-toner
rophotographic prints, prints made with traditional chromogenic (“silver-halide”) photographic

Ir materials and, in general, all types of colour printsimade with direct analog and
bsses. The recommended evaluation methods can also be applied to black-and-white p
S.

International Standard does notinclude test procedures for determining the effects of lig
e physical stability of images, supports or-binder materials. However, it is recognized
nces, physical degradation, such as support embrittlement, image layer cracking or

digital print
hotographic

htexposure
that in some
lamination

e
image layer from its support, rather'than the stability of the image itself, will determicille the useful

f a print material.

image stability results determined for one printer model, software settings, colourarn
ination might not be applicable to image prints produced through another printer mog
hgs, colourant and media ¢ombination.

Normative referénces

following ddeuments, in whole or in part, are normatively referenced in this documnj
pensable~for its application. For dated references, only the edition cited applies. I
ences,thelatest edition of the referenced document (including any amendments) appl

-3;.Photography and graphic technology — Density measurements — Part 3: Spectral co

t and media
el, software

ent and are
For undated
es.

nditions

[SO 5-4, Photography and graphic technology — Density measurements — Part 4: Geometric conditions for
reflection density

ISO 2471, Paper and board — Determination of opacity (paper backing) — Diffuse reflectance method

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

ISO 4892-2, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc lamps

ISO 9370, Plastics — Instrumental determination of radiant exposure in weathering tests — General
guidance and basic test method

ISO 11664-4, Colorimetry — Part 4: CIE 1976 L*a*b* Colour space
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ISO 13655, Graphic technology — Spectral measurement and colorimetric computation for graphic arts

images

ISO 18913, Imaging materials — Permanence — Vocabulary

ISO/TR 18931, Imaging materials — Recommendations for humidity measurement and control

[SO 18941, Imaging materials — Colour reflection prints — Test method for ozone gas fading stability

ISO 18944, Imaging materials — Reflection colour photographic prints — Test print construction and

measurement

CIE S 023/E[Z0T3; Characterization of the Performance of Illuminance Meters and Luminance Meters
ASTM G113} Standard Terminology Relating to Natural and Artificial Weathering Tests of Nonmdtallic
Materials

ASTM G151] Standard Practice for Exposing Nonmetallic Materials in Accelerated Test-Devices thaf Use
Laboratory Light Sources

3 Terms and definitions

For the purfoses of this document, the terms and definitions given in [S6,18913 and the following qpply.
NOTE In any case where the terms and definitions are duplicatedwith ISO 18913, the following terms
and definitipns take precedence for the use of this International‘Standard.

31

operational control point

set point for] equilibrium conditions measured at one oinfore sensor locations in an exposure device
[SOURCE: AFTM G 113-09, 3.2]

3.2

operational fluctuations

positive and negative deviations from the'setting of the sensor at the operational control set point diiring
equilibrium|conditions in a laboratory accelerated weathering device

[SOURCE: AFTM G 113-09, 3.3]

Note 1 to enfry: Operational fluctuations are the result of unavoidable machine variables and do not infclude
measuremenf uncertainty. Opérational fluctuations apply only at the location of the control sensor and do not
imply uniformity of condjtions throughout the test chamber.

3.3

operationa] uniformity

range arourn|d.the operational control point for measured parameters within the intended exposurearea
within the ltmd i i

[SOURCE: ASTM G 113-09, 3.6]

Note 1 to entry: Operational uniformity evaluates the measured parameters throughout the volume of a test
chamber so that regions of the test chamber volume can be determined to comply within the required stated
limits of the measured parameter operating aim.

3.4

uncertainty of measurement
parameter, associated with the result of a measurement, that characterizes the dispersion of the values
that could be reasonably attributed to the measurement

Note 1 to entry: The parameter might be, for example, a standard deviation (or a given multiple of it), or the half-
width of an interval having a stated confidence level.

© ISO 2014 - All rights reserved
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Note 2 to entry: Uncertainty of measurement comprises, in general, many components. Some of these components
may be evaluated from statistical distribution of the results of a series of measurements and can be characterized
by experimental standard deviations. The other components, which can also be characterized by standard
deviations, are evaluated from assumed probability distributions based on experience or other information.

Note 3 to entry: It is understood that the result of the measurement is the best estimate of the value of the
measurement, and that all components of uncertainty, including those arising from systematic effects, such as
components associated with corrections and reference standards, contribute to the dispersion.

[SOURCE: ASTM G 113 and ISO Guide 98-3:2008, 2.2.3]

4

This
for p

Requirements

[nternational Standard specifies a set of recommended test methods with associdted r¢
ermitted reporting. Data from these tests shall not be used to make life expectancy clq
timetbased print lifetime claims, either comparative or absolute. Conversion of ddta obtaine
metHods for the purpose of making public statements regarding product life shall be in acco
the applicable International Standards for specification of print life.

Pquirements
ims, such as
1 from these
rdance with

Theft
of th

estmethodsinthis International Standard may be useful as stand-alonie test methods for
e stability of image materials with respect to one specific failureimode. Data from the t

comparison
est methods

of t
stabi
Stan
Caut

is International Standard may be used in stand-alone reparting of the absolute or

lity of image materials with respect to the specific failure mode dealt with in this I
lard, when reported in compliance with the reporting requirements of this Internation|
on shall be used when comparing test results for diffesent materials. Comparisons sha

romparative
hternational
al Standard.
11 be limited

to teft cases using equipment with matching specificatipns and matching test conditions.

The

filter
and f
resu

fest procedures contained within this standard allow for the use of a variety of light source and
combinations. Test results obtained using different test conditions, such as different light sources
ilters, shall not be compared. Materials under test can be expected to behave quite differently as a
t of different relative spectral power distributions of the flux incident on the specimer].

L

5 Test methods — General

5.1 | Safety precautions

Special care
hat the light

In lig
shall
sour

ht stability tests, high intensity illumination is used, often with significant UV content.
be taken to avoideye injury or skin erythema. Precautions should be taken to ensure t
Ce cannot inadvertently be viewed without suitable eye and skin protection.

5.2

The sampléprints to be tested are exposed to laboratory light sources under controlled en
condlitions.

Acceleration and reciprocity issues

yironmental

Commonly employed accelerated methods of testing light stability, for both photographic digital
hardcopy materials and for traditional analog photographic materials, are based on the concept that
increasing the light intensity should produce a proportional increase in the photochemical reactions that
occur during typical viewing or display conditions, without introducing any undesirable side effects.

However, because of “reciprocity failures” that might be present in high-intensity accelerated light
fading tests with imaging materials, this assumption may not always apply (i.e. a material might fade,
change colour balance, or stain a different amount when exposed to high-intensity illumination for a
short period than it does when exposed to lower-intensity illumination for a longer period, even though
the spectral distribution, the total light exposure [intensity x time], the temperature, and the relative
humidity are the same in both cases.)[12]-[17][24]

In general, the closer accelerated test conditions are to actual use conditions, the more meaningful the
test results become.

© IS0 2014 - All rights reserved
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For further discussion of approaches to evaluating reciprocity behaviour in the light-induced fading,
changes in colour balance, and stain formation in imaging materials, see Annex A.

5.3 Catalytic fade issues

Catalytic fade is the process by which a given colourant can fade faster (or slower) when in contact
with another colourant as a result of an image area containing more than just one of the colourants.
It can also occur when other components in the imaging system act as catalysts. Because this process
often involves photocatalysis, it can show a dependency on the nature of the light source as well as the
light absorption characteristics of the additional colourant, UV absorbing materials, intentionally-added
radical quenchers and other components.[31]

Because of bund

predictions

these complex interactions, catalytic fade and the resulting nonlinearities can_cenf
of colour fading rates for real-world images.

5.4 Light/intensity control

htion
very
ition

The light intensity shall be maintained and controlled throughout testing with an operational fluctu
within £ 7 96 of aim. The 24 h running average of the operational fluctuation sampled at least ¢
15 min, shall be within 4 % of aim. The running average shall not include the test condition trans
time which pccurs when the test condition is initiated. This transition time'shall be at most 1 h.

5.5 Spectral power distribution

This Interngtional Standard references the use of different light sources for accelerated tests with the

intention of]
no accelerat
Results obt3
actual usee

reproducing as closely as possible different endtse lighting conditions.[25][26] How
ed laboratory exposure test can be specified as a total simulation of actual use condit
lined from these laboratory accelerated exp@sures may be considered as representati
kposures only when the degree of correlation has been established for the specific matg

being tested
use conditi

and when the type of degradation is the-same. The relative durability of materials in a
ns can be very different in differentdocations because of differences in radiant energy

ever,
ions.
ve of
rials
ctual
both

in spectra ppwer distribution and intensity); relative humidity, temperature, pollutants, such as o
and other falctors.

vone,

Light sourcds referenced in this Interrational Standard include filtered xenon-arc, fluorescent, tung
halogen, LED or OLED (and others).'Edch of these can be useful to simulate the various existing lighting
conditions fpund in different environments. It shall be recognized that these different light sources|emit
different spgctral power distribttions (SPDs). The combination of different SPDs from these light sotlirces
and associated material sengitivities will significantly impact test results. As a result, test results of
replicate sample prints uSihg different light sources shall not be compared to each other.

rsten

It is essentfal to cehsider the effects of variability in accelerated tests when conducting expq
experiment$ and.when interpreting the results from these tests. Sources of variability include saf
to-sample, measurement instrument repeatability/reproducibility, and exposure zone uniformity
recommendged_the user expose replicate sample prints to understand and mitigate the variabili
exposures.

sure
nple-

Itis
ty of

5.6 Humidity control

5.6.1 Humidity control calibration

The test chamber relative humidity control shall be calibrated for measurement accuracy and control
by using a chilled mirror hygrometer or other type of measurement device calibrated and traceable
to a national standards bureau suitably responsible for certifying reference weights and measures.
The calibration shall include the full temperature and relative humidity ranges that are to be used in
the ensuing test processes. A check of the calibration shall be performed when there is any indication
of sensor failure. Ongoing use of redundant sensors is recommended so that sensor integrity can be
ascertained. Details of humidity calibration and control methods are described in ISO/TR 18931.
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5.6.2 Humidity control

The preferred relative humidity of the air circulating the test chamber shall be 50 % relative humidity
(RH). Other levels may be used, such as 30 % and 70 %, where such levels reflect actual product use
conditions. In all cases the relative humidity test conditions shall be reported.[29]

NOTE1 The relative humidity of the sample surface is essentially controlled at the aim value; however, it is
not practicable to measure the humidity of the air of the sample surface. It is estimated that the relative humidity
difference between the sample surface and the circulating air is not significant, even if the temperature of the
sample surface is higher than that of circulating air, according to estimation supposing that the chemical potential
of water molecules are equal at the sample surface and the circulating air at the equilibrium state. Water chemical

poten

funct]
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in thg
samp
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bulk
hows
betw
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NOTH
temp
noth

The

fluct
perid
every)
trans
1h.

and s
test

seled
of th

5.7
The

tial of vapour is an increasing function of the partial vapour pressure. On the other hand, it is

a decreasing

ion of temperature ata constant pressure, due to the fact that the derivative of the chemical pet¢ntial is equal

egative value (i.e. molar entropy with the opposite sign). Therefore it is qualitatively clear'thia

water chemical potential in the blowing air as caused by the decreased air temperature’ co
le temperature can be compensated by the lower relative humidity of the circulating air. To g
ctions, one can utilize the tabulated values of thermophysical properties of water.available frg

specified aim of the relative humidity of the air shall be established for'the air temper
air in the region of the sample. One approach is to locate the sensar jin the region of
bver the sensor shall not be directly in the light. Alternatively, based on the temper
een the air temperature in the region of the sample and the airtemperature next to t
b1, calculate the control percentage RH to achieve the requiréd aim percentage RH at t

2 In rotating rack chamber designs, the humidity sensor«an be placed behind samples
erature sensor. In flat panel chambers, a small shade can be used in front of the sensor to block t
ndering the airflow.

relative humidity shall be maintained and controlled throughout testing with an
nation within + 6 %RH of aim during test perjods when the lightis onand + 3 %RH of ain
ds when the light is off. The 24 h runningaverage of the operational fluctuation, sam
y 15 min, shall be within * 2 %RH of aimiy The running average shall not include the te
ition time which occurs when the test condition is initiated. This transition time sha
perational uniformity of the equipment at the test conditions shall be evaluated prior
hall be within * 6 %RH of aim during test periods when the light is on and + 3 %RH o
periods when the light is offjat'a constant air temperature. Regions of the test cham
ted for use to comply withrthe required operational uniformity conditions. If the runy
e operational fluctuatiofi does not meet the requirement it shall be documented and ex

Temperature control

sample aim demperature shall be within the range of 25°C to 30°C and shall be c

configuring the\light exposure equipment and its environment to achieve the appropriate]

temp]
desc
Thes

erature (BPT) (uninsulated) or white panel temperature (WPT) according to the
Fibedbelow. The air temperature shall be maintained no lower than 5,0°Cbelow sample t
e temperature conditions shall be maintained and controlled throughout testing with an

fluct

1ation within + 2,0°C of aim, and with not more than 3 % of temperature measurement

the increase
pared to the
ret numerical
m NIST.[27]

ature of the
the sample,
ature offset
he humidity
e sample.

and near the
he light while

operational
1 during test
pled at least
st condition
1 be at most
to test start
f aim during
ber shall be
ling average
plained.

ntrolled by
black panel
e procedure
bmperature.
operational
b in any 24-h

period to exceed this operational fluctuation limit. For the sample temperature as represented by the
calibrated BPT (uninsulated) or WPT, the 24-h running average of the operational fluctuation, sampled
atleast once every 15 min, shall be within + 1,0°C of the aim value. The running average shall not include
the test condition transition time which occurs when the test condition is initiated. This transition time
shall be at most 1 h. Operational uniformity of the equipment at the test conditions shall be evaluated
prior to test start and shall be within *+ 5,0°C of aim during test periods when the light is on and +2,0°C
of the aim value during periods when the light is off. Regions of the test chamber shall be selected such
that they comply with the required operational uniformity conditions. If the running average of the
operational fluctuation does not meet these requirements, it shall be documented and explained.

NOTE Considerations for the actual choice of the test temperature are dependent on the non-accelerated
use case and the capability of the equipment as follows: 25°C might be closer to the non-accelerated use case.
However, some test equipment might not be able to meet the temperature and humidity operational requirements
at temperatures below 30°C.
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BPT (uninsulated) and WPT, whichever is used, shall be constructed in accordance with ISO 4892-1 and
ASTM G151, as follows:

The WPT or BPT (uninsulated) should be mounted on a support within the sample print’s exposure
area so that it receives the same radiation and experiences the same cooling conditions on all sides
as do the test samples.

The sensor accuracy shall be better than or equal to #1,0°C throughout the measuring range. The
sensor shall be small enough to attach to the panel and shall have a known response throughout the

expecte

d temperature range.
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In the case of a black p;\np]’ the top (m(pncpd) surface of the pqnp] shall absorb 90 9% or greater

gths from 300 nm to 2500 nm.

hse of a white panel, the top (exposed) surface of the panel shall exhibit reflectance of
er at all wavelengths between 300 nm and 1 000 nm and 60 % or greater at allwaveler
n 1000 nm and 2500 nm.

value of the BPT (uninsulated) or the WPT shall be determined prior to actual use
the temperature calibration procedure) in order to control the sample temperature 3
1ple temperature aim. The actual sample patch temperatures depend on the print mate
it materials and each patch’s colour, in addition to the equipmentenvironmental condit

bose of calibrating the BPT (uninsulated) or WPT to theysample temperature for usg
Kt, the average sample temperature shall be the average temperature of a set of 0,75 s
' density neutral patches from a set of samples that\are printed with print materialg
aterials representative of the materials that will betested.

1g temperature calibration procedure shall be used, prior to conducting a light fade
e the control value of the BPT (uninsulated) or WPT, whichever is used, and to ¥
temperature and air temperature meet. the requirements of this International Stan
uidance for sample temperature calibration, calculation, and control is provided in Anyj

temperature calibration test samples that each contain one or more neutral patches
L or status T density, as appropriate for the material under test, of 0,75 * 0,10 status
shall be prepared. The neutral patches shall be large enough for the precise tempers
ement; for example 20 mm % 20 mm. A number of temperature calibration test samples

F fade test chamber.. When more than one type of print material is planned to be light]

samples.

If the neltral patches of the temperature calibration test samples contain carbon black
fe in tempeyature between such neutral patches and other colour patches can be accentuated
bn blackbeing warmer.

hture calibration test samples shall be placed in the light fade test chamber in accord

D0 %
1gths

(see
t the
rials,
ions.

ina
ratus
and

test,
erify
Hard.
lex C.

with
A or
iture
shall

ed so that the temperatute calibration test samples can be distributed over the voluime of

fade

he printed temperature calibration test sample set should include a representative vafriety

t, the
with

ance

with the planned manner of placement to be used in light fade testing. As Necessary to approxi

mate

the planned distribution of light fade sample materials over the volume of the light fade test
chamber, the sample positions not occupied by printed temperature calibration test samples shall
be populated with a representative range of materials normally tested.

The equipment and its environment shall be configured in an initial configuration according to the
planned light fade test process. This may include setting up to achieve a preset BPT (uninsulated) or
WPT. The light fade test equipment shall be operated in accordance with the planned light fade test
process to expose the temperature calibration test samples.

NOTE 2  The light exposure equipment is configured and operated in the same manner that will be used

for the intended light fade tests. The test unit is warmed up and operationally stabilized according to the
manufacturer’s recommendations.
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d) For the equipment and environment configuration, the temperatures of the one or more 0,75 + 0,10
status A or status T density patches on each of the samples used for calibration shall be measured
undertheactual plannedlightfadetestconditionsusingaflatthinthermometer,suchasthermocouple
or PT-100 type sensor, attached with removable non-conductive adhesive to the back of the sample

patch, a radiation thermometer, or a flat thin thermometer inserted between the colourant layer

g)

h)

i)

and the substrate layer of the sample patch.

NOTE 3 The radiation thermometer is incapable of being used with intervening material
instrument and the samples.

NOTE 4

likely be 51mllar to the air temperature rather than the sample face temperature Alternatlve
thermocouple sensor between the sample and the backing.

he average sample temperature for the current configuration shall be computed.

If the objective is to record the average sample temperature that corre§pends to the

lemperature and air temperature shall be recorded and the tempeérature calibratio
¢nded.

the initial configuration, then the equipment and room €onfiguration shall be adjustg
o obtain the average sample temperature. The reem configuration refers to the (

fan IR filter, the irradiance level, etc.) shall he incrementally adjusted to obtain the
gample temperature and to ensure that the aif’temperature and sample temperature arj
f each other.

After adjusting the configuration, the;manufacturer’s recommendation for equipment

ry

ir temperature are achieved.

OTES5  When the light\fade chamber is properly controlled, and taking multiple sample m
he standard deviation of the sample measurements is expected to be less than 2°C. When
eviation of the samplé)measurement is larger than 2°C, more measurements with more sampl

between the

If a sample prlnt has a sample backmg, temperature measurement usmg a thermocouple type

le patch will
ly, insert the

preset BPT

(uninsulated) or WPT and confirm that the temperatures obtained meet the sample femperature
dnd air temperature requirements of this International Standard, then the obtained average sample

h procedure

[f the objective is to obtain a particular average sample temperature and this result was pot obtained

d as needed
onfigurable

¢omponents of the chamber and the room environment (the temperature of the air inside or outside
;Ef the equipment chamber, the airflow rate insidé.and outside of the equipment chamber, addition

him average
e within 5°C

btabilization

ghall be followed before repeating~sample temperature measurements. The sample temperature
easurements shall be repeated at least once again after the aim sample temperature gnd required

Pasurements,
the standard
bs can reduce

easurement errér)lf the standard deviation of the sample temperatures cannot be reduced sufficiently,
hen the chambér does not meet requirements of this International Standard. One mitigation gpproach is to

void using certain volume regions of the chamber.

he BPT-(irninsulated) or the WPT that corresponds to the verified aim average sample femperature
nd.aiftemperature shall be the control value of the BPT (uninsulated) or the WPT uged in actual

ight exposure tests.

The air temperature test conditions shall be reported. For the measurement of air temperature when
the illumination source is in operation, air temperature-sensing equipment shall be shielded from the
light source as stipulated in ISO 4892-1 and ISO 4892-2. A practical method for determining the air
temperature may be to measure the temperature at the exit of the test chamber, depending on chamber
design.

Sample surface temperature should be measured according to the procedures described in Annex C.

5.8 Air quality in the test environment

Some types of print materials can be highly sensitive to degradation caused by ozone or other airborne
pollutants. Therefore, the test facility where print samples are made, dried, and measured, should be
sufficiently free of these pollutants. In particular, for materials sensitive to ozone, levels of that gas shall

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=6aaefc1c97fb47e0acb99cd491e63930

ISO 18937:2014(E)

be less than 2 nl/1 average ozone concentration over any 24 h period. Ozone sensitivity of materials
shall be determined in accordance with ISO 18941. A material that is not sensitive to ozone shall have
demonstrated no measurable Dy, or printed patch colour change at ambient ozone exposure levels and
test condition temperature and humidity, over time periods consistent with test time duration.

NOTE 1 nl/1=1ppb (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.

To ensure that ozone levels meet this requirement either active or passive monitoring can be used.
Active monitoring includes real-time measuring and logging of ozone levels in the test facility. Passive

monitoring measures Inng-fprm cumulative ozone levels yip]ding a final verification that pnl] 1tant
levels were jat or below the minimum during the test. Active monitoring is to be preferred as passive
monitoring fannot indicate whether test conditions were valid until the test is completed.
5.9 Duration of exposures
The duratioh of exposures shall be determined with the following considerations:
a) Total exlposure required, for example:

1) totdl exposure expected in the usage;

2) total exposure required for the warranty;

3) totadl exposure stipulated as end point criteria in the applicable International Standards for

spefification of print life, when such a specification dogument is available.

b) Total exposure that will cause an aim change, for exaniple:

1) totdl exposure that will cause expected change;

2) total exposure that will reach end point criteria specified in the applicable Internatjonal

Stapdards for specification of print life.

This test method does not include test.end points to establish test duration. When the end point
requirements of a print life specificatien'standard are not applicable to a test and the materials ynder
test are highly stable, such that the materials require a long test period to show a light fade changg, it is
acceptable tjo halt the test when achange is reliably detected. A reliable change is considered det¢cted
when the tept result has progréssed beyond the noise of the test system. The smaller of the test result
changes: pefcentage colourdnt‘loss, change in colour balance, or change in Dyj,, may be assessed for
highly stable materials to,determine that a signal can be distinguished from test system noise.
6 Test equipment
6.1 Light|source measurements

Light sources shall be measured at the sample plane in terms of illuminance or irradiance. Illuminance
(Ix) shall be measured with an illuminance meter as specified in CIE S 023. Irradiance (W/m2) shall be
measured with a radiometer as specified in ISO 9370 over a wavelength range from 300 nm to 400 nm,
which is effective to monitor the overall light intensity when used with a defined spectral power
distribution of this standard.”

NOTE Measurement of irradiance is used as an integral part of the control system in light test equipment.
The control system can then compensate for reduced UV transmission due to solarisation of the lamp and filters.
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6.2 Light exposure equipment

6.2.1 Xenon arc light exposure equipment

Xenon arc lamp equipment that can achieve the test conditions and the tolerances stipulated in Clause 5
shall be used.[10] Temperature and humidity control equipment shall be used to attain the sample
temperatures and the air relative humidity stipulated in this International Standard.

Any configuration of xenon arc light exposure equipment can be used while it achieves the required
test conditions and the tolerances. One illustrative configuration with vertical sample holders rotating
around a xenon arc lamp is shown in Figure E.1. Other configurations may have fixed horizontal sample
hold¢rs placed below horizontal xenon arc lamps, or may be constructed using a stand-aloe xenon arc
unit flesigned to be placed in a temperature and humidity controlled room.

6.2.2 Fluorescent light exposure equipment

Fluorescent light exposure equipment that can achieve the test conditions andthe tolerancgs stipulated
in Clause 5 shall be used. Temperature and humidity control equipment,shall be used tp attain the
sample temperature and the air relative humidity stipulated in this Intérniational Standard

An ilJustrative example of a fluorescent light fading test unit is shown in Figure E.2.

6.2.3 Equipment with other light sources

Equipment with other light sources shall meet the requirements stipulated in Clause 5. Temperature
and humidity control equipment shall be used to attain the sample temperature and the air relative
humidity stipulated in this International Standard.

6.3 | Specifications for optical filters

6.3.1 General

The spectral power distribution of-the test illumination source can be modified by the use of optical
filters in order to simulate a particular usage condition. UV filters with cut-off wavelengths below
400 pm are especially important in that context.

To cqntrol the sample surface temperature at the desired aim value, it may be required to emnploy one or
mord IR filters in orderto’reduce infrared energy above 800 nm.

Suitgble UV cut-off filters and IR filters are described in the following subclauses.
NOTH Ultraviolet radiation is considerably more harmful to some types of pictorial colour hard copy images

than |it is tovothers and, therefore, variations in the level (and spectral power distribution) of tle ultraviolet
radiationdindthe illumination will affect some materials more than others.

6.3.2 Specifications for “standard” window glass

The window glass specified in some of these tests shall be a soda lime float glass. Spectral transmission
characteristics shall conformto the tolerance of Table 1. The typical spectral transmission characteristics
of the “standard” window glass are shown in Table D.1.

In order to maintain conformance, the glass shall be cleaned or replaced when it is stained or damaged
and it does not conform to the values given in Table 1.
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Table 1 — Relative spectral transmittance of standard window glass

Wavelength | Relative trans- Wavelength Relative trans-
nm mittance nm mittance
300 to 315 <0,5 380 80 to 99
320 <3 385 83 to 102
325 3to9 390 86 to 105
330 9to 20 395 87 to 107
335 21to 35 400 to 475 88 to 109
340 371to 51 28U to boo 90 to I11
345 53to 66 565 to 610 88 to 109
350 64 to 79 615 to 645 86 to 106
355 72to 89 650 to 685 84 to 104
360 78t0 96 690 to 715 82 to 101
365 81 to 100 720 to 740 80.to 98
370 83 to 102 745 to 765 78 to 96
375 82 to 101 770 to 780 76 to 94
NOTE Data are normalized to 100 at 560 nm. An example of the spectfal data of standard window glass is

shown in Tablle D.1.

6.3.3 Specifications for standard UV cut-off filter (half cat wavelength of 370 nm to 375 nm) for
simulating indoor daylight typical home display

The standaid UV cut-off filter with half cut wavelength (A at T = 50 %) of 370 nm to 375 nm shall be
used for simulating indoor daylight typical home display. The standard UV cut-off filter shall megqt the
spectral trahsmission characteristics shown in Aable 2.

In order to haintain conformance, the filter'shall be cleaned or replaced when it is stained or damjaged
and it does 1ot conform to the values given in Table 2.

NOTE1 Examples of the UV cut-off filter'are L-37 and SC-37. The spectral transmission data for L-37 and[SC37
are shown in|Table D.2 and Table D.3;xespectively.

NOTE 2  Wlhen SC-37 filter iscuséd, the general practice is to replace the filter within two months or before it
reaches a totfl exposure of 150, Mix h.

Table 2 — Transmission characteristics of UV cut-off filter

Wavelength Transmittance Wavelength Transmittance

nm % nm %

<330 <0,5 375 50to 70
335 <0,7 380 55to0 80
340 <1 385 60 to 80
345 <2 390 >70
350 <5 395 >75
355 <13 400 >80
360 <25 405 >85
365 5to 37 >410 >85
370 20to 50
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6.3.4 Specifications for UV filter (half cut wavelength of 402 nm to 414 nm) for protecting

prints from exposure to UV radiation with all illumination sources

A polycarbonate plastic filter shall be used as a standard UV filter to simulate the protective effects of
plastic or treated glass UV filters placed in front of illumination sources or used as a glazing material
for framed and displayed prints and to simulate the effect of diffusers in some fixtures. The spectral
transmittance of the standard polycarbonate filter is shown in Table 3. The polycarbonate shall be
cleaned or replaced when it is stained or damaged and it does not conform to the values given in Table 3.

Table 3 — Transmission characteristics of the standard polycarbonate filter

NOTH

6.3.5

An IR filter may be used as needed to meet the sample-ahd surrounding air temperature r¢

of th

NOTH

6.3.6

Opti
requ
gap b
filter

Exan

6.4

Chan
samy
test

Wavelength Transmittance Wavelength Transmittance
nm % nm %
<385 <0,5 410 34to 82
390 <2 415 53 10,89
395 <14 420 69 t0 96
400 4 to 47 425 to 650 >77
405 16 to71 >660 >77

An example of the spectral data of standard polycarbonatefilter is shown in Table D.4.

Specifications for IR cut-off filter

s International Standard.

ISO 105-B02 is recommended as a reference.

Filter configuration

ral filters shall be placed at any ‘pésition between the light source and the samples to|
red SPD conditions. The filtexs can be placed near the light source or near the sample
etween the samples and thefilter shall be at least 2 mm with an unobstructed airflow
and the samples.

1ples of a layout forlight sources and filters are shown in Figure F.1 or Figure F.2.

Chamber fade uniformity

hber fadé uniformity (CFU) assessment is required to qualify the initial irradiance cqg
le mounting, air flow configuration, and filter placement configuration with the li

condjfitiohs) configured according to the light stability test plan.

ronditions (including lamp and filter SPD, light intensity, air quality, temperature a

Pquirements

achieve the
5 but the air
between the

nfiguration,
bht stability
nd humidity
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The chamber fade uniformity, Ucp, between any two locations in the sample plane used for sample print
exposure, as indicated by percentage optical density change, shall be at least 80 %; however, a Ucf of

85 % or higher is preferred:

Ucr =

Csoc

x100

LOC

where

Ucr is

the chamber fade uniformity (CFU);

€y

Csoc

CLoc iS

For chambe

Design the §
evaluating d
number of s
of refrigeraf]
and fixed bg

The chambe
light stabilif]
density) pat|
fade uniforn

The chambd
such as ozof
dye inkjet o
distributed

In a chambe
holders plar
same space,
at least thre
example, twj

The chambsg
planned ligh
more of the
and comput

icb

tha coaallact antiao]l dosn ity ch o gn (COCY,
HE-Sthamestopeearaenstey- thange1ooTy;

the largest optical density change (LOC).

" fade uniformity testing, the following requirements apply:

ample and equipment configuration that will be used in the light stability testing b
hamber fade uniformity. Each aspect of the sample and equipmentcenfiguration incly
hmples, size of samples, placement of samples, sample holders, lightintensity, filtratioy
ion, percentage RH of the environment, and chamber airflow sh@ll be specified in the d
fore beginning the chamber fade uniformity verification.

r fade uniformity target and the patches in the target shall be the same size as the pla
y test target and shall contain at least one column of eégqual value 0,75 = 0,05 OD (optical
ches for each primary colourant of the print systemgunder test. See the example of cha
hity target in Annex [.

r fade uniformity samples shall include media types that are sensitive to air contamin
le, and temperature and humidity variation. A combination of silver halide photo medi
h porous photo media can satisfy this requirement. The media types selected shall be
throughout the chamber.

r with stationary samples, print materials shall be evenly distributed to fill all the sa|
ned for use in the light fade.test. In a chamber design in which samples rotate throug
such as a rotating rack style, the print materials shall be distributed such that ther
e replicates per print material per rotational tier planned for use in the light fade tes

r fade uniformityfade exposure cycle shall be conducted in a manner consistent wit
it stability teSting, continuing until reaching an average of 30 % * 10 % OD fade in o
primary cyan, magenta, and yellow colourants for each of the two test materials. Mez

frequency

media. Recqrd‘and retain sample location and patch within sample location with each data recor

use in deter

t(;Lensure capturing the 30 % *= 10 % OD average fade values for at least one primary for

ining chamber fade uniformity improvements

efore
iding
,use
psign

nned
print
mber

htion
h and
each

mple
h the
b are
. For

p print materials would require 18 total samples for a three-tier rotating rack style chamber.

h the
he or
sure

e primary.colourant average fade percentage for the samples of each media type at sufficient

each
1, for

Calculation of the chamber fade uniformity shall use the fade data of all of the patches in each primary
colourant patch set, for each print material, that achieves 30 % * 10 % OD average fade. Note that the
uniformity of the colourants that do not complete to at least an average 30 % OD fade need not be
calculated. For example, if all cyan patches of a print material in the test measure between 14 % to
24 % 0D fade with an average of 17 % OD fade, then the cyan patch set for that print material shall not
be included in the uniformity calculation (until further testing of these samples causes them to reach
30 % = 10 % OD average fade). However, if, for example, 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 fade, then the calculated uniformity is 64 %. Moreover, if
the yellow patches on that print material measured 33 % OD average fade, then fade uniformity would
also be calculated using the full set of yellow patches on that print material.
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Based on the measured results, adjust the sample area, sample mounting, sample rearrangement plan,
air flow system, and filter placement to achieve the required chamber fade uniformity, while maintaining
the required sample temperature. Sample rearrangement, if expected in the light stability test plan, may
be included to manage fade uniformity.

One method to improve uniformity without changing equipment is simply to reduce the utilized sample
holder light exposure area by reducing the area used by the test sample print within the sample holder.
For example, eliminate patches near the edges of the bracket or reduce patch size. The patch size shall
comply with the required patch size relationship to the planned measurement instrument aperture, as
stated in ISO 18944. Continuing with the above-mentioned example, in which the magenta uniformity
was calculated to be 64 %, if eliminating the outer most patches of the sample area results in a range of
22 Y%To 25 % OD Tade, then the unitormity 1s improved to 89 %.

With| each change in the configuration to improve chamber fade uniformity, the chamber fade

unifd
cond
COrT

light

In gd
issud
coan

the

rmity test shall be repeated. If space allows, the chamber fade uniformity/samg
ucted concurrently with a light fade test in a rotating rack style test chambef;-however,
bsponding to locations outside the required uniformity criteria shall notchbe’used in th
fade test results.

neral, in chamber configurations using a filter near the sample,~fion-uniformity du
s can be reduced by moving the filter away from the sample, to a‘position near the lam
gurations typically are arranged so that the airflow directign is perpendicular to the
ir gap. For this reason, flat panel xenon chambers should e configured to locate the fi

les may be
any patches
b analysis of

e to airflow
|p- Flat panel
sample and
ter near the

lamp rather than close to the sample.

iture should
nfigured with airflow conditions identical to the.samples. For example, if a filter is Jocated near
le, then a filter should also be located near theitemperature sensor so that it experieng¢es the same
w conditions as the samples.

The black panel or white panel sensor that is calibrated to indirectly control sample temper
be cd
samyj
airfl

In a
over
the p

rack configuration, if the in-tier fade meéasurements meet the required fade uniformity and the
11l chamber fade uniformity does not;sample rearrangement from tier to tier several tifnes through
eriod of the test time can be evaluated to improve overall chamber fade uniformity.

or the lower
mple holder

Inas
end (
sevel

ingle-tier system, if the non-uniformity appears to occur primarily at either the upper
f the sample holder light exposure area, inverting the test sample target print in the sg
ral times through the peripd of the test time can be evaluated to improve uniformity.

If an
samyj
arec
this |

 related aspects of:the light stability test plan, such as placement and size of sample$, number of
le holders, lightdntéensity, filtration or filter placement, use of refrigeration, and chanyber airflow,
hanged to achievethe required chamber fade uniformity, the temperature calibration procedure of
nternationakStandard shall be repeated to re-establish sample temperature control.

NOTE1 Infernal reflection can contribute to fade non-uniformity.

NOTH
procg

2
dure.

Fast-fade print materials can be used to decrease the time required for the fade uniformity assessment

NOTE 3 Inrackconfigurations with the filter close to the sample, airflow configurations that control and direct
airflow over the samples can exhibit excellent uniformity. A small air gap can be effective for maintaining sample
uniformity in configurations with air forced through the sample filter gap. On the other hand, in configurations
which do not control and direct airflow over the sample, increasing the sample filter spacing to allow a larger air
gap can be ineffective.

7 Illumination specifications

7.1 General

A number of different types of light stability tests are described in this subclause. These tests are
intended to simulate common use conditions found in houses, apartments, and other dwelling places,
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offices, and commercial display, and in gallery and museum display. Selection of the appropriate tests to
address specific environments should be based on the conditions of intended use.

7.2 Simulated indoor daylight typical home display

7.2.1 Purpose

This testis intended to simulate common use conditions found in houses, apartments and other dwelling
places. In many homes, for example, indirect or direct daylight through window glass is often the

principal illumination causing displayed photographs to fade. UV-filtered xenon illumination is found to
provide a reasepablematchto-indirectwindow-filtered-daviaht [1811341135]
Cl JUTIOODTIC TITOCCIT CU TITUIT CC Gy vy IITOo vy TIfcocr oot \AMJ AAE,AAI.- T TC T T

7.2.2 Filtéred xenon arc configuration to simulate typical indoor display conditions

A xenon arc Jamp stipulated in 6.2.1 shall be used as the light source. The xenon lamp shallbe configured
with an UV flilter specified in 6.3.3, and may be used with or without a standard IR filter{the IR filter can
be used if itfis necessary to attain the BPT (uninsulated) or WPT specified in 7.2.5.)

Optical filtefs shall be positioned according to 6.3.6.

7.2.3 Spectral power distribution (SPD)

The spectra] power distribution (SPD) shall conform closely to the Table G.1 or Table G.2 and conform to
the tolerances in Table 4 and Table 5.

Table 4 — Relative spectral power distribution for filtered Xe-arc lamp
for jndoor daylight home display (up to 450nni)}normalized at 540 nm to 550 nm

Wavelength Relative spectral Wavelength Relative spectral
nm power nm power
<310 <0,2 380 to 390 33to 56
310 to 320 <0,2 390 to 400 49 to N.D.*
320to 330 <0;2 400to 410 59 to 82
330 to 340 <0,5 410 to 420 65 to 85
340 to 350 0<1,0 420 to 430 70 to 88
350 to 360 0,2to0 3,0 430 to 440 74 t0 90
360 to 370 3,5to 14 440 to 450 78 to 93
370 to.380 17 to 35
NOTE«-The upper limit is not specified for 390 nm to 400 nm, because Xe-arc lamp has a
spikejin'this range.

Table 5 — Relative spectral power distribution for filtered Xe-arc lamp
for indoor daylight home display (overall)

Spectral passband Energy

A = wavelength %
nm

310 <A <340 0,0to0,1
340 =A< 370 0,1to 1,0
370 =A< 400 2to5
400 =A <430 4to8
430 =A <800 86 to 93
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7.2.4 Illumination intensity

[llumination intensity shall be less than or equal to 80 klx. The light intensity shall be maintained and
controlled throughout testing with an operational fluctuation within +7 % of aim. The 24 h running
average of the operational fluctuation, sampled at least every 15 min, shall be within #4 % of aim. The
running average shall notinclude the test condition transition time which occurs when the test condition
is initiated. This transition time shall be at most 1 h. If a reciprocity behaviour test is conducted, lower
illumination intensity, e.g. 10 % of nominal condition, shall be used (details are described in Annex A).

NOTE [llumination intensity can be measured in irradiance units in place of the stated illuminance units.
7.2. Temperature and humidity
The femperature and humidity conditions of 5.6 and 5.7 are required.
7.3 | Simulated direct sunlight indoor in-window display
7.3.1 Purpose
This|test is intended to simulate direct sunlight indoor in-window display. A typical exarhple of such
display can be found when images are displayed in store windows, facing toward the outdpors, so that
they|may be viewed by people outside of the store.14),24)
7.3.2 Spectral power distribution (SPD)
The $PD shall conform closely to the Table G.3 and couférm to the tolerances in Table 6 and|Table 7.
Table 6 — Relative spectral powér distribution for filtered Xe-arc lamp
for indoor daylight home display (up to 450 nm) normalized at 540 nm to 550 nm
Wavelength Relative spectral Wavelength Relative spectral
nm power nm power
<310 <09 380to 390 61 to 69
310 to 320 05<7 390 to 400 73to 82
320 to 330 6<17 400 to 410 72 to 80
330 to 340 16 <29 410 to 420 76 to 85
340 t6-350 28to 41 420 to 430 79 to 86
350-t6 360 39to 51 430 to 440 79 to 89
360 to 370 49 to 58 440 to 450 84 to 94
370 to 380 57 to 64 - -
Fabte-7=—Relativespectratpowerdistributionforfittered-Xe-arctamp
for indoor daylight home display (overall)
Spectral passband Energy
A = wavelength
nm %
310 <A <340 0,5t01,2
340 =A< 370 2,8t03,5
370 =A <400 3to5
400 =1 <430 4to7
430 =1 <800 83 to 88
© IS0 2014 - All rights reserved
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7.3.3 Light source and filter

Xenon lamp stipulated in 6.2.1 shall be used as the light source.

The standard window glass defined in 6.3.2 shall be used as the filter. An IR filter may be used in order
to achieve lower temperatures, as specified in Table 8.

Optical filters shall be positioned according to 6.3.6.

7.3.4

Intermittent
and relative

Illumination intensity, temperature and humidity

4 4 heo

humidity for the light cycle and dark cycle are shown in Table 8. If a

testis condycted, lower illumination intensity, e.g. Ten % of nominal condition, shall be used (details are

described iff Annex A).
Table 8 — Set values for cycling conditions for simulated sunlight indoor in-window display
Light cycle Dark cycle
[lluminatjon intensity at the sample plane less than 100 klx less than 10 Ix

Cycle duration 3,8h 1,0h

Air temperature 40°C 25°C
Air relative humidity 40 %RH 80 %RH
BPT (uninsulated) 63°C

Thelightint
within + 7 §

ensity shall be maintained and controlled throughout testing with an operational fluctu
o of aim. The 24 h running average of the gperational fluctuation, sampled at least ¢

15 min, shall be within * 4 % of aim. The running average shall not include the test condition trans

time which

If areciproc
shall be use

NOTE 1]
7.4 Fluory
7.4.1 Pur

This test is
dwelling pl4

bccurs when the test condition is initiated. This transition time shall be at most 1 h.

ity behaviour test is conducted, lower illumination intensity, e.g. 10 % of nominal cond
1 (details are described in Annex.A).

umination intensity can be measured in irradiance units in place of the stated illuminance uni
escent illuminatienyusing “cool white” fluorescent lamps

pose

ntended tossimulate cool white fluorescent illumination in houses, apartments, and
ces, offices and commercial display.

tsource

7.4.2 Ligh

htion
very
ition

tion,

ts.

bther

“Cool white” fluorescent lamps shall be used for this test. The spectral distribution of cool white lamps
shall conform closely to that given in Annex H and shall conform to the tolerance in Table 9.

Table 9 — Relative spectral power distribution for F-6 cool white fluorescent lamps

Wavelength | Relative spectral | Wavelength Relative Wavelength Relative
nm power nm spectral power nm spectral power
300 <1 465 92to 112 630 111to 136
305 <1 470 93 to 114 635 96 to 117
310 6 to 24 475 94 to 115 640 82 to 100
315 14 to 54 480 94 to 115 645 70 to 85

16
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Table 9 (continued)

Wavelength | Relative spectral | Wavelength Relative Wavelength Relative
nm power nm spectral power nm spectral power
320 <1 485 94 to 115 650 60to 73
325 <1 490 94 to 115 655 51 to 62
330 <1 495 92 to 112 660 43to 53
335 <5 500 90 to 110 665 37 to 45
340 <1 505 89 to 109 670 32to 39
375 <Z 510 89 to 103 675 ZV to 33
350 <2 515 90 to 110 680 2B to 28
355 <4 520 95to 116 685 2P to 24
360 10to 12 525 102 to 125 690 18 to 23
365 50 to 168 530 114 to 139 695 1p to 18
370 26 to 60 535 130 to 159 700 1B to 16
375 13to 16 540 150 to 184 705 1P to 14
380 15to 18 545 284 to 636 710 1P to 12
385 19 to 23 550 263 to 305 715 9to 11
390 23to0 29 555 22450274 720 <9
395 27 to 33 560 247to0 302 725 <8
400 45 to 54 565 266 to 325 730 <8
405 143 to 422 570 278 to 340 735 <8
410 49 to 60 575 330 to 390 740 <7
415 47 to 58 580 338to 424 745 <6
420 53 to 64 585 278 to 340 750 <7
425 58to 71 590 266 to 325 755 <6
430 64to 78 595 250 to 305 760 <7
435 295 to 968 600 231 to 282 765 <7
440 129t0-255 605 210 to 256 770 <6
445 79 to 96 610 188 to 230 775 <5
450 83 to 101 615 167 to 205 780 <4
455 86 to 106 620 147 to 180 -
460 90 to 109 625 128 to 157 -

The ¢ldest one-half of the lamps shall be replaced after each 2 000 h of test equipment operjation.

NOTE The spectral power distributions of other types of fluorescent light sources might not correspond to
cool white fluorescent due to differences in phosphors, etc.

7.4.3 Filters

In this test method, a window glass filter stipulated in 6.3.2 is the standard filtration condition. In
addition to window glass filtration, users of this International Standard may also conduct tests with
a polycarbonate filter stipulated in 6.3.4 to simulate the use of plastic or treated glass UV absorbing
filters with the illumination source or as a UV-absorbing glazing material for framed prints and to
simulate some fixtures of ceiling mounted equipment with metal or plastic diffuser plates. Users of
this International Standard may also conduct tests with “bare-bulb” exposure with no filter in place to
simulate direct exposure to the illumination from bare-bulb fluorescent lamps where no glass or plastic
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diffuser is used with the fluorescent lamps and when displayed prints are not protected with glass or
plastic glazing.

Optical filters shall be positioned according to 6.3.6.

7.4.4 Illumination intensity

[llumination intensity shall be less than or equal to 80 klx. The light intensity shall be maintained and
controlled throughout testing with an operational fluctuation within 7 % of aim. The 24 h running
average of the operational fluctuation, sampled at least every 15 min, shall be within +4 % of aim. The
running average shall notinclude the test condition transition time which occurs when the test condition
is initiated. This transition time shall be at most 1 h.

If areciproc
shall be use

ity behaviour test is conducted, lower illumination intensity, e.g. 10 % of nominalcond
1 (details are described in A.2).

tion,

NOTE [lumination intensity can be measured in irradiance units in place of the stated iluminance unifts.

7.4.5 Tenlperature and humidity

The temperature and humidity conditions of 5.6 and 5.7 are required.

7.5 Other light sources

7.5.1 Purpose

These tests|are intended to simulate use conditions foundin houses, apartments and other dwglling

places, in of]
with multip
efficiency, c

fices, commercial display, and in galley and museum display where prints are illumiy
e phosphor fluorescent lamps with impreved colour rendering characteristics and er]
pmpact fluorescent bulbs, tungsten-halogen lamps, LED lamps, halogen discharge 14

1ated

ergy
mps,

and other tyjpes of illumination technologies.

7.5.2 Spectral power distribution

The relativd each

5 nm value,

SPD (250 nm to 800nm)(shall be measured and reported, accurate to within 5 % at
50 as to permit other users of this International Standard to reproduce the result.

7.5.3 Filt¢rs

Various typ¢ ulate

specific use

s of filters (e;g.window glass, polycarbonate, and acrylic UV filters) may be used to sim
" conditions§:

Optical filtefs shall'be positioned according to 6.3.6.

7.5.4

INlumination intensity

A sample-plane illumination intensity shall be less than or equal to 80 klx. The light intensity shall be
maintained and controlled throughout testing with an operational fluctuation within +7 % of aim. The
24 h running average of the operational fluctuation, sampled at least every 15 min, shall be within +2 %
of aim. The running average shall not include the test condition transition time which occurs when the
test condition is initiated. This transition time shall be at most 1 h.

If a reciprocity behaviour test is conducted, lower illumination intensity, e.g. 10 % of nominal condition,
shall be used (details are described in A.2).

NOTE [llumination intensity can be measured in irradiance units in place of the stated illuminance units.
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7.5.5 Temperature and humidity

The temperature and humidity conditions of 5.6 and 5.7 are required.

8 Sample preparation

8.1

Samples

8.1.1 Use of replicates and reference samples

At le
diffe

Refel
test |

8.1.2

Itist
such
or st
(ass

8.1.3

Inal
whic|
tests

8.2

8.2.1

Forg
targd
such
Appl
targg
othe

8.2.2
The {

hst two replicate prints are required for each test case. Replicates shall be located.f
Fent regions of the test chamber volume.

‘ence samples are recommended to be included in every exposure test to track.consig
brocedures as well as unintended changes of test conditions (see ASTM G156)

Backing of test sample prints during light stability tests

ecommended that reflection prints be backed with a non-reactive.and non-yellowing w
as 100 % cotton cellulose mount board (100 % “rag” board) or rhetal (e.g. white-painte
hinless steel plate) to ensure dimensional stability. If a backing material is used, it shall
becified in ISO 2471).

Setting of dummy samples for the open space

ight exposure chamber, all sample positions shal be filled with samples (or with dum
h are equivalent in average density or reflectance to the actual test samples) for both lig
and for the calibration of light and temperature/humidity.

Sample preparation

Test target design and format

eneral testing purposes users of this International Standard are free to choose whatever
t, patches and starting densities they feel are appropriate for their testing needs. A
a target is includedindS0 18944 with requirements and recommendations for sample
cable International'Standards for specification of print life may require the use of speci
ts. Other recommiendations for sample preparation are given in ISO 18909. Prints with
Fimages may<also be used.

Processing of traditional photographic materials

exXposed test sample prints shall be processed using the processing system of primary

!

br testing in

tency of the

ite material
aluminium
be reported

my samples
ht exposure

testimages,
example of
breparation.
fic standard
pictorial or

interest and

in accordance with the manufacturer s recommendations.

The processing chemicals and processing procedure can have a significant effect on the dark-keeping and
light-keeping stability of a colour photographic material. For example, a chromogenic (“silver-halide”)
colour negative print paper processed in a “washless” or “non-plumbed” system with a stabilizer rinse
bath instead of a water wash can have stability characteristics that are different from the same colour
paper processed in a “traditional” chemistry and a final water wash. Therefore, the specific processing
chemicals and procedure shall be listed along with the name of the colour product in any reference to
the test results.

Stability data obtained from a colour material processed in certain processing chemicals shall not be
applied to the colour material processed in different chemicals, or using a different processing procedure.
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8.2.3 Conditioning the prints after printing

Aqueousandsolventinkjetprints,and printsofany type thatrequire curing/stabilization/dry-down shall
be conditioned for two weeks after printing, in an environment with a temperature of (23 + 2) °C, with a
RH of (50 + 5) %. The print conditioning environment shall be ozone-free (<2 nl/1 average concentration
over any 24 h period) for ozone-sensitive target prints, as determined in accordance with ISO 18941.
During the conditioning period the prints shall be maintained with unrestricted airflow. Prints of any
types that do not require curing/stabilization/dry-down shall be held for 24 h. Measurements shall be
conducted after conditioning or print hold.

9 Measurements-and-ecaletiations

9.1 Holding and measurement conditions

The measur
Measureme
inacontroll
with a time

ement environment and sample holding environment can influence meastred dengities.
hts and sample holding for measurement and next test phase preparation‘shall be conducted
bd environment with no time constraint or may be conducted in aless controlled environment
Constraint.

NOTE1 S4
test phases, §|

mple holding environment refers to the environment in which sample prints are held in-bet
uch as before and after measurement, while the sample prints arefiot in the active test environ

ween
ment.

et of
g for

The control
conditions:
measureme

led sample holding environment with no time constraiut shall meet the following {
bample prints shall be kept in dark, (23 + 2)°C, (50 £ 10) %RH conditions while waitin
ht and while holding between test stages.

The controlled sample holding environment shall be ozonesfree (<2 nl/1 average concentration ovef any

ance

24 h period|
with ISO 18
printed patg
and humidit

The control

for ozone sensitive sample prints. Ozone sensitivity shall be determined in accord
D41. A material that is not sensitive to ozone shall have demonstrated no measurable Dy
h colour change at ambient ozone exposure levels and measurement condition tempers
y, over time periods consistent with'measurement and test staging time periods.

ed measurement environment with no measurement process time constraint shall

the followin|

temperatur¢ (23 = 2)°C, humidity (50 2 10)%RH, and ozone-free (<2 nl/l average concentration ove
24 h period] for ozone sensitive saniples.

NOTE 2
chambers wh
test period. A
an average 0}

When samp
shall be held

One way to comply witlitherequirement forthe ozone free condition is to use humidified environm

set of conditions: ambient iluminance on the sample print surface no greater than 2

ich rely on the airof'the laboratory to have an average ozone concentration of < 2 nl/I over any

one concentration of < 2 nl/1 over any 24 h test period.

| or measured in the less controlled environment for a maximum of 2 h for each test s

The less co

rolled environment may be unfiltered for ozone, and shall have a maximum RH of 75 §
and a maxiwmwwmpm;mﬂss

hin OT
hiture

meet
D0 1%,
r any

ental
F 24 h

n alternative méthod is to use humidified environmental chambers which themselves can maintain

e holding.or measurement are conducted in the less controlled environment, sample prints

tage.
o RH

or equal to 1 000 Ix.

than

NOTE 3  Stray light decreases the accuracy of measurements taken in less controlled lighting environments.
Shielding the measurement instrument from direct lighting so that the actual measurement surface lighting is no
more than 200 Ix can improve measurement accuracy and repeatability.

The temperature and humidity tolerances for the sample holding and measurement environments apply
specifically to the vicinities in which the samples are held and measured. Operational fluctuations,
operational uniformity, and uncertainty of measurement shall be contained within the stated tolerances
in those vicinities.

Measurement environment and sample holding conditions, if differing from those specified with respect
to temperature, relative humidity, ozone, and light levels, fluctuations, and uniformity, shall be reported
in the test report.
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The CIELAB colour space values of the Dy, patch, i.e. unprinted paper patch, shall be obtained from
measurements using [SO 13655 measurement condition MO for the relative spectral power distribution
of the flux incident on the sample print’s surface. In accordance with the MO illuminant, the relative
spectral power distribution of the flux incident on the sample print’s surface shall conform to CIE
illuminant A (corresponding to a distribution temperature of 2 856 K + 100 K). The metamerism index
of the MO light source used in the measurements, comparing with CIE illuminant A (corresponding to a
distribution temperature of 2 856 K), shall be equal or less than 1,5.

NOTE4  Measurement condition MO is used for the relative spectral power distribution of the flux incident on
the sample print’s surface. Instruments conforming to M1 are not generally available at the time of publication
of this International Standard. Image permanence measurement deals primarily with relative data and image
perm

rs rs lc d rs 1 H 1 ol H = 3 H H rs
ATICTICCTCSTT CSUTtS OO TIOTT CTy OT v rstraT IracCITg it o COTT CSpPOTIOITTE v IC VvV It CTTv IT OTITCTTe:

Whif]
matd
Meas

e backing is recommended in accordance with ISO 13655. Report the backing used o
rial opacity, in accordance with ISO 2471, such that backing has no influence on the m
urement conditions shall be consistent throughout the test process.

r report the
basurement.

NOTES5  With completely opaque materials, such as the aluminium substrate used in outdoo
backing has no relevance.

" testing, the

hes shall be
ten referred

Confprming to ISO 13655, calculated tristimulus values and corresponding CIELAB val
computed using CIE illuminant D50 and the CIE 1931 standard coleurimetric observer (off
to as|the 2° standard observer).

Opti
relat
CIE i
coloy
to st
refle
Whif]
to co|
used

NOTH
statu

fal densities of the colourant patches shall be measuréd in accordance with ISO 5
jve spectral power distribution of the flux incident.on'the sample print’s surface co
[luminant A (corresponding to a correlated colour;temperature of 2 856 K). The tole
r temperature is 2 856 K + 100 K. A UV-cut filter.shall not be used. Spectral products

Measurement conditions shall be consistent throughout the test process (as specified

6  When testing in accordance with an image life specification standard, either standar
5 T density is selected accordingto that specification standard.

A siq
part

gle measurement instfument shall be used for all of the measurements taken per
cular test. For example, initial patch values of a test target print and subsequent deg

htus A or status T density shall be formed as appropriate for the material under test. U
ction density as defined in ISO 5-4, allowing’either annular influx mode or annular ¢
e backing is recommended as noted in [SQ 5-4, particularly for measurements of spectr
mpute both density and colourimetry. Either white or black backing is allowed. Report]

-3, with the
nforming to
rance of the
conforming
se standard
pfflux mode.
al data used
the backing
n SO 2471).

l status A or

taining to a
raded patch

valugs of that particularfest target print shall be measured using the same measurement|instrument.
Repljcate prints maybe measured on separate measurement instruments as long as each is fonsistently
meagured on thessame instrument used for its initial readings. According to best practice} in the case
of equipment fajlure, the test should be invalidated. A replacement instrument with a kown offset,
determined forthe test measurement conditions and materials being measured, may be usgd when the
original instrument is not available. In this case all measurements shall be corrected with the known

offs

NOTE 7 It is useful to retain freezer check print samples of the measurement materials so that instrument
offsets can be measured if needed. Offset measurements from materials matched to those under test are
preferred to measurements using British Ceramic Research Association (BCRA) tiles. For cold storage methods,
see ISO 18920.

9.2 Attributes to be measured

9.2.1 General

Any change in density, contrast, or stain, whether due to colourant fading, changes in colourant
morphology, or discolouration of residual substances, can change the appearance of a photograph.

With many materials exposed to light during display, the most damaging change tends to be colour
balance distortions brought about by differential fading of the image colourants. These manifest
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themselves as shifts in colour balance from highlights to shadows that are especially noticeable in a
scale of neutrals; e.g. a shift from magenta to green due to fading of the photograph’s magenta image

colourant, o

r from yellow to blue or cyan to red due to fading of the yellow or cyan colourant.

Also important are changes that can be caused by an increase in stain. The result could simply be a

discolourati

9.2.2 Den

on of the Dy areas or a change in the Dpj, colour balance.

sity attributes to be measured

d is the symbol for measured density. Dy i density is included; no correction for changes of Diyjn during
exposure shall be applied.

The followiy
treatment ix

a) dN(R)y

the red, gre
t, where t ta

b) dC(R),

the red, gre
have been tj

¢ dR(G)y,

the red, gre
that have be

9.2.3 Definitions of colourimetry terms

L* is CIELA

ISO 11664-4.

9.2.4 Cold

The following colourimetry values ofthe sample prints, prepared according to the sample prepari

testing, and
before and 4

L*tl a*t:

The lightne;
(paper whit

1g status A or status T densities of the sample prints shall be measured before and jaftd
iterval.

[IN(G)t, dN(B)¢

en and blue status A or status T densities of neutral patches that have beén treated for
[kes on values from 0 (zero) to the end of the test;

dM(G)t, dY(B)t

en and blue status A or status T densities of cyan, magenta&ahd yellow colour patcheg
eated for time t, where t takes on values from 0 to the end‘of the test,

AR (B)t, dG(R)t, dG(B)t, dB(R)t, dB(G)t,

bn and blue status A or status T densities of the composite secondary R, G, B colour pa
en treated for time ¢, where t takes on values from 0 to the end of the test.

B lightness, a* and b* are the CIELAB a* and b* coordinates, respectively, as defin

urimetry values to be measured

measurement condition requirements of this International Standard shall be meag
fter the treatmentirterval.
)*t

s, red*green, and blue-yellow colour coordinates for the unprinted areas of sample p
p), which have been treated for time ¢, where t takes on values from 0 to the end of the

r the

time

that

rches

bd in

tion,
ured

rints
test.

9.3 Calculations and computations

9.3.1 Computation of densitometric attributes

Calculations for 9.3.2 to 9.3.7 shall be performed for selected patches with a range of initial densities.

9.3.2 Den

a) Red density change:

b) Greend

c) Blue density change:

22

sity change in dpi, patches

Admin(R)t = dmin(R)t - dmin(R)o
Admin(G)t = dmin(G)t - dmin(G)o

Admin(B)t = dmin(B)t - dmin(B)o

ensity change:
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9.3.3 Percent density change in primary colour patches

a) Cyan patch: %AdC(R)t = [(dC(R)¢ - dC(R)g) + dC(R)o] x 100

b) Magenta patch:  %AdM(G)t = [(dM(G)t - AM(G)o) + dM(G)o] x 100

0 Yellowpatch:  %AdY(B); = [(dY(B): - dY(B)o) + dY(B)o] x 100

9.3.4 Percent density change in secondary (mixed) colour patches

a) Magentainred patch:  %AdR(G)t = [(dR(G)t - dR(G)o) + dR(G)o] x 100

b) Yellow in red patch: %AdR(B)¢ = [(dR(B)¢ - dR(B)g) + dR(B)g] x 100

)

e)

f) Magenta in blue patch:  %AdB(G)t = [(dB(G)t - dB(G)o) + dB(G)o] ¥-100

9.3.3 Percent density change in composite neutral patch

b) Magenta in neutral patch:  %AdN(G)t = [(dN(G)¢ - dN(G)o) + dN(G)o] x 100

9.3.6

Cont
can 1
from
mags
cyan

Neut
prim|

patch is defined in 9.855)

a)
b) 1

c

d) Yellow in green patch: %AdG(B)t = [(dG(B)t - dG(B)o) + dG(B)o] x 100
]

[yan in green patch: %AdG(R)¢ = [(dG(R)¢ - dG(R)o) + dG(R)o] x 100

[yan in blue patch: %AdB(R)t = [(dB(R)t - dB(R)o) + dB(R)o] x 100

[yan in neutral patch: %AdN(R)¢ = [(dN(R)¢ - dN(R)g) + dN(R)g] x 100

‘ellow in neutral patch: %AdN(B)¢ = [(dN(B)¢* dN(B)g) + dN(B)o] x 100

Colour balance shift in composite neutral patch

Fast and colour balance distortions:brought about by differential fading of the imag
esult in significant visually degrading effects. These can be measured as shifts in co
highlights to shadows and are especially noticeable in a scale of neutrals; for example
bnta to green due to fading ofithe photograph’s magenta image colourant, or from yelld
to red due to fading of the'yellow or cyan colourant.

ral colour balance shiftis calculated as the difference in percentage change betwsg
ary colours of a neutial patch. (The percentage change of individual primary colours

[yan-magentd shift: %AdN(R-G)t = |%AdN(R)¢ - %AdN(G)¢]
Magenta-yellow shift:  %AdN(G-B)¢ = |%AdN(G)¢ - %AdN(B)¢|
‘ellow-cyan shift: %AdN(B-R)¢ = |%AdN(B)¢ - %AdN(R)¢|

b colourants
our balance
a shift from
w to blue or

en any two
in a neutral

9.3.7 Colour balance shift in secondary (mixed) colour patches

Secondary colour balance shift is calculated as the difference in percentage change between the two
primary colours of each secondary colour patch. (The percentage change of the individual primary
colours in each secondary colour patch is defined in 9.3.4.)

a) Cyan-magenta shiftin blue patch:  %AdB(R-G)t = |%AdB(R)t - %AdB(G)¢|

b) Magenta-yellow shiftinred patch:  %AdR(G-B)t = |%AdR(G)t - %AdR(B)¢|

c) Yellow-cyan shift in green patch: %AdG(B-R)t = [%AdG(B)t - %AdG(R)¢|
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9.3.8 Colour balance in dy,j, patches by colourimetry

Colour balance in the d;, patches is calculated using Formula (3):

AB* y =(Ls — )2 +(a; —ag)? +(b; —bg)>? 3)

where L% a* and b* are the colour coordinates of the dnyi, patch at the initial time 0 and at time ¢, as
defined by ISO 11664-4.

10 Test report

The requirements of this clause supersede statements of reporting in other clauses of this Interhatjional

Standard.

Reporting based solely on this test method shall be restricted to reporting the specific light stability test
result for thie specific system tested. Users are cautioned that results from this test method apply|only
to the specific system tested. For example, in inkjet systems, a specific inkset used\with a specific paper

have very different results from another. Test reporting shall include this disclaiimer.

The results pf these tests are reported as the amount of densitometric or colourimetric change obsgrved
for a given |cumulative exposure [Ix h (or lx-hour)], or cumulative exposure to reach the obsgrved

densitometific or colourimetric change.

The report ¢f test results shall include the following.

a)
b)

d)

f)

g)

24

A referdnce to this International Standard, i.e. ISO 1893%

Details pf sample prints. For digital output sample.ppints, the printer model, printer driver version,
printer friversettings, printer front panel settings;the name ofthe hostapplicationusedin generpting
the print, and the colour controls selected in thatapplication; the cartridge configuration/ink/donor
or coloyrant used (manufacturer’s name and:part number); the paper used (manufacturer’s pame
and modlel number), and any other necessaty information, such that the print file can be reproduced
by another user of this International Standard. For silver-halide based sample prints, the procefsing
conditigns (i.e. chemicals, procedures). In all cases, any post-processing treatments that could|have
been applied to the prints.

Test target design, including the'target patch encoding values of the patches selected for monitpring
in the test, and the corresponding initial densities (i.e. 1,0) of the neutral and colour patcheg; the
number] of replicate test'sample prints included in the test.

The test method (thé.light source and the filtration) and test conditions (light intensity, aim yalue
of sampl|e tempetature, BPT (uninsulated) or WPT, air temperature, relative humidity). If the actual
test conditionS:deviate from the nominal conditions specified in this International Standard|then
an explanation shall be provided. If alternative illuminants such as those described in 7.5 are fised,
the spec¢tral characteristics of the illuminant shall be specified in sufficient detail, explicitly pr by
reference, so as to permit other users of this International Standard to reproduce the result.

A statement as to whether or not a backing material was used behind the sample print in the test (if
a backing material was used, specify its characteristics).

The duration of the test, including the extent and level to which the test was conducted.

NOTE When reporting for comparison, test reporting is valid only when the test conditions have
produced a fade signal (loss or gain) that can be statistically separated from test noise. For other test
purposes, reporting the results from tests conducted for a cumulative exposure or test condition that does

not produce a separable fade signal can be useful.

Measurement environment and sample holding conditions, temperature, relative humidity, ozone,
and light levels, fluctuations, and uniformity, if they differ from the stipulated conditions.
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h) The backing used during measurement or the material opacity in accordance with [SO 2471.

In cases where results from the testing methods of this International Standard are cited in part (such
as a paper appearing in a technical journal or a product reference sheet), there shall be a reference to an
easily accessible source (such as an Internet website) that supplies information and data, which meets
the complete reporting requirements detailed above (in this clause).
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Annex A
(informative)

Evaluation of light stability reciprocity behaviour

A.1 General

It can be im;|>0rtant for the user to know how well products track for light degradation at high inten

versus lowe
of performa
assumption

The recipro
law). It stat
the total en
total energy
In many phd
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brgy received and is independent of the rate at which the energy‘is-supplied,[15] wher
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s of performance are to be made based on tests:dtwvery high light levels, it is recomme
for adherence to the reciprocity law be performed. To do so, it is recommended that
Es be conducted at two or more intensities toa common cumulative exposure. As is the
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inder environmental conditions of temperature, humidity, and air quality such that thg
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al contribution of these factors to.the observed amount of change. For example, if a sample

pwer

intensity fo1 longer periods of time would be confounded by the larger contribution to the observed fade
caused by the longer exposure to ambjentozone.[19]
A reciprocity factor is defined as theratio of the change in density at low intensity, plow intensity, tp the
change in density at high intensity, phigh intensity, With both intensities run to a common cumulative
exposure, a§ provided by Formula (A.1):

Re =Apihw intensity :Aphigh intensity (A1)
for a specified cumulative exposure.
Reciprocity [factors greater than one and less than one have been observed in imaging systems,[121[20]
which can restinunder—and-overpredictionofthe-colourantloss—Beeausereciprocityfactors'both

greater and less than one have been observed in imaging systems it is important that reciprocity 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 dark 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.[19][36]

If reciprocity failure is still noted after double checking for confounding factors, any comparisons or
predictions with respect to light fade should be based solely on the lower intensity condition. Using 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 data.[13][14]

IMPORTANT — 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
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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 can result in an incorrect and variable factor when the colour fade follows other than
a linear function.

A.2 Practical test method of reciprocity characteristics

When evaluating reciprocity, use a high-intensity test and a low intensity test with the illumination level
of the lower intensity test set to 1/10 or less than the high intensity test. The lower intensity tests will
requfreproportionatty tongertest timres—Tohetpreducethetimerequired-foraeciprocity evaluation,
it mdy be useful to use relatively small amounts of density losses and colour balance changes (e.g. 5 %
or 1( %).[13][14]
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Method for interpolation

Often there will not be a step on a properly designed and printed test target that is of exactly the desired
density. Interpolation between two neighbouring density patches may be used to predict the values for

the exact de
to calculate
used for intd
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cired starting density. For example, the densities of the two steps nearest to 1,0 may befused
the desired density by linear interpolation. After each fading time, the same cogeffici¢nt is
brpolating the density after fading.

le unfaded strip, the step with the density d just below 1,0 and the step with'the density d»
0 are chosen (see Figure B.1). After fading, these two steps will have reaghed the densities
t). The density d(t) of the initial d = 1,0 is then estimated through linear interpolation:

(B.1)

(B.2)

28

Figure B.1 — Interpolation of a test target starting density patch
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Procedure to calibrate the temperature relationship between the
test sample prints and the control set point of the black panel
or white panel used to control temperature in a light stability

C1

In a ljght stability test chamber a calibrated relationship between the temperatures of the a
prints and the control set point temperature for the black panel or white/panel is required
for oyerall temperature control in the chamber.

NOTH The specific differential between a BP or WP and sample‘femperature can chang
tempprature related light stability results each time the sample and eqtfipment configuration is chg

C.2
The

C.2.1 Five or more movable and qualified temperature sensors, with removable nof
adhesive used to attach the sensors as needed.

Two |sensors will be used for the BR/WP temperature measurement and one will be use
temperature measurement. If it is feasible in the equipment to extract the built-in equipy
temperature or air temperatureensor readings to a spreadsheet then reduce the number
sensprs needed accordingly.

testchamber or test room

Principle

Equipment and preparation

rtual sample
as the basis

e and affect
nged.

following equipment and setup are required sfor the calibration procedure in addition to the
instrjuments and features of the light stability test chamber and its typical setup:

1-conductive

1 for the air
hent BP/WP
bf additional

EXANPLE Examples of\témperature-measurement equipment are type T thermocouple, using two-point

calibration with respect‘to-chilled mirror hygrometer (RTD) and digi-sense 12-channel scanning t
thermometer used to-eapture data.

Temperature sensors are to be qualified by determining the temperature sensor uncertai
following procedure to qualify temperature sensors.

a)

b)
‘)

d)

e)

f)
g)

se4he adhesive to attach all of the temperature sensors to be used in the test on the

hermocouple

nty. Use the

BP or WP of

hle'equipment as close together as possible.

Turn light source off.

Operate the equipment (with light source off) until it reaches steady-state before beginning to take

measurements. Disable rack rotation if this is a feature of the equipment.

Record the WP/BP temperature readings no less frequently than every 15 s, continue collecting

readings for at least 10 min.

Analyse the data collected to ensure that the temperature readings are all within a 0,2 °C range of

each other.
Recalibrate or discard any sensor that does not fit the required uncertainty bounds.

Repeat until the full set of sensors that will be used conforms.
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C.2.2 Data collection mechanism, to collect the sensor readings from the five or more temperature
sensors used in this measurement procedure and convey the sensor readings to a spreadsheet application
or similar analysis program.

NOTE To understand additional details regarding the sources of variability in temperature measurement in
light stability testing, see ASTM G113.

C.3 Procedure

C.3.1 Step 1: design the sample and equipment configuration that will be used in the light stability
testlng for and

holders, light intensity, filtration, use of refrigeration, percentage relatlve humidity of the env1r0n ent,
and chambef airflow shall be specified in the design and fixed before beginning the calibration‘procefure.
equipment configuration includes the design of the patch layout. A sample and equipment
may or may not include constraining the media and ink types. Samples should npt be
planned to he located near the incoming air stream to the chamber, as the incoming air might be cplder
than the bulk chamber air temperature.

— Consult|the equipment/light source supplier to determine how frequently'to conduct this procgdure
for a giyen sample and equipment configuration. This will depend on the light and filter aging
charactgristics of the equipment.

— Consider redoing this procedure after any recalibration of thelight or temperature sensors ih the
equipment.

— During the operation of the light stability testing for which the calibration result of this procddure
is inten¢led, keep the number and placement of samples consistent with the sample and equipment
configufation of the calibration by using extra non-test (i.e. “dummy”) samples when actual test
sampleg do not fill chamber.

C.3.2 Step 2: prepare the sample and equipment configuration.

a) Print the samples required according to the sample and equipment configuration design. [Each
sample phall contain the target design, i.e. patch layout, size, and OD, to be used in the light stability
testing for which the calibrationwresult of this procedure is intended. The target design shall coptain
at least|a white patch and,a\gray patch with a density of 0,75 OD *= 0,1 OD. The patch size gf the
design ghall be sufficient-so-that the temperature sensors to be used can be placed on the back of a
single pptch. Dry the samples according to the standard light stability test procedure.

If the light stabiljtyitesting for which the calibration result of this procedure is intended will fest a
variety |of ink and/media combinations, calibration results may be improved by including an ¢qual
number] of samples representing each type of ink and media system that will eventually be tested.

b) Set the pittemperature operational control set point, and airflow operational control set pqgint if
controllable, to an initial value according to the sample temperature operational control set point
and the sample and equipment configuration design.

1) Initially chamber airflow rate, if adjustable, should be set to 1-3 m/s at the sample.

2) After adjustment as needed for temperature calibration, hold chamber airflow consistently
for a given air temperature operational control set point and illumination intensity control set
point.

3) Measure chamber air temperature out of direct line of sight of the light source, but within the
chamber.

NOTE1 Xenon sample temperature is typically 3 °C to4 °C above air temperature at 80 klx and 2 m/s
airflow.
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NOTE 3 Varying sample position, patch size, etc. can influence the temperature.
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Set the relative humidity operational control set point according to the sample and equipment
configuration design.

Chamber humidity sensor should be measured out of direct line of sight of the light source, but
within the chamber so that it measures the humidity near the sample.

NOTE 2  Humidity sensors not within the chamber might not be at the same temperature and therefore
can measure a different relative humidity than the relative humidity of air near the samples.

Position the BP or WP of the equipment if this option is available.

Chamber black panel or white panel sensor should be located at the same distance from light source
s the test samples. The sensor should be insulated to prevent conduction with the mounting so as
o better mimic test samples, which are not conductive.

lace all of the samples into the equipment according to the sample and equipment c¢nfiguration
esign.

C.3.3 Step 3: measure and collect temperature data for,the combined operational uniformity and

operftional fluctuation of control of the sample and equipment configuration.

a) (onfigure retrieval of measurements from the ‘equipment BP/WP temperature senjsors if data
gutput is available.
1) Alternatively, using the adhesive, attach two temporary temperature sensors on|the BP/WP.
Locate the temperature sensors-on the panel facing the light source on either side|of the panel
Sensor.
2) Configure retrieval of measurements from the temporary BP/WP temperature sersor or built-
in BP/WP sensor intothe'data collection mechanism used to convey the sensor readings to a
spreadsheet or similar-dnalysis program.
NOTE 1 Tempaorary sensors are used when it is not feasible to extract the built-in equigment
BP/WR-Sensor readings to a spreadsheet.
b) Configure retrieval of measurements from the equipment air temperature sensor if dgta output is

available.

1) Alternatively, using the adhesive, attach a small conductive thermal mass (e.g. a couple grams,
such as a metal washer 10 mm to 12 mm in diameter) to a temperature sensor and dangle it
hanging in the vicinity of the sample that will be used to measure sample temperature. The
air temperature sensor shall not be in direct line of sight with the light source and air flow
should not be obstructed in its vicinity. The air temperature sensor should be near the relative
humidity sensor.

2) Configure retrieval of measurements from the temporary air temperature sensor or built-in air
sensor into the data collection mechanism used to convey the sensor readings to a Microsoft
Excel spreadsheet or similar analysis program.

NOTE 2 Temporarysensorsareused whenitisnotfeasible toextractthebuilt-in equipmentairtemperature
sensor readings to a spreadsheet.
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c) Setthe illumination intensity operational control set point according to the sample and equipment
configuration design.

d) Place two temperature sensors on a single sample. Place one sensor contacting the back of a white
patch, and one sensor contacting the back of a gray patch that has a density of 0,75 OD + 0,1 OD.
Disable rack rotation if this is a feature of the equipment. Select a sample location that is moderate
with respect to the light source and the airflow vents. As closely as possible, position the sensor in

contact

with the back of the sample to be within the area of a single patch.

Configure retrieval of measurements from the sample temperature sensors into the data collection
mechanism used to convey the sensor readings to an excel spreadsheet or similar analysis program.

If additjonal pairs of temperature sensors are available, place each pair on another sample lo

in anoth
such arf{

e) Operatg

f) Record
and the
reading]

During
manual
tempor

g) Repeat
differen
range o
the cha
select a
the chal
in the s
measur

(ink andl media combinations) is included in the samples to be tested, then include measuregllents
samples in the data collected. Include measurements of patch densities over the ranfge of
hite to 0,750D * 0,10D fer.each of the hue colour groups contained in the target desigy.

of thosd
paper w

NOTE 4
balance

C.3.4 Step

a) For eac]
average

er part of the chamber volume. Select alternative patches of different colours or densit
e available in the target design.

the equipment until it reaches steady-state before beginning to take measurements.

Lhe two sample temperature readings, the configured WP/BP sensortemperature read
configured air temperature readings, no less frequently than every-15-s; continue colle
s for at least 10 min.

y record the built-in equipment BP/WP sensor readings~As closely as possible, recor
hiry BP/WP and equipment BP/WP temperature readings on the same time interval.

t parts of the chamber, until temperature measurements have been collected for th
f conditions: sample proximity to various localized airflow conditions, sample positi
mber, patch position in the sample, patch gélour, and patch density. In each test iterg
sample to test for the effect of: sample-proximity to localized airflow, sample positi
mber. Select the two patches in the seléeted sample to test for the effects of: patch pos
ample, patch colour, and patch demsity. Ensure that the full set of samples’ temper:

ated
ies if

ings,
cting

the first iteration, if the built-in equipment BP/WP sensords limited to manual reading,

d the

steps d), e) and f), placing the two sample measurement sensors on different samples in

b full
bn in
tion,
bn in
ition
iture

ements is evenly distributed oveT the range of conditions. If a variety of sample print {

For example, if the ‘target design contains various hue colour groups and patch densitie
bf the measurementdata are improved if the same number of measurements is taken from eac

4: prepare the-measurement data for analysis.

1 time recording of a configured pair of sample temperature readings of the same saj
the tiwvo sample temperature readings [tj; = (first ¢j; + second tj;) divided by 2] .

b) For each time recording of the configured pair of WP/BP temporary sensor temperature read

ypes

|

5, the
h.

mple,

ings,

average

the two WP/BP temperature readings [p; = (first p; + second p;) divided by 2].

c) For each time recording, record b;, the ith time built-in equipment BP/WP sensor reading. If the
built-in equipment BP/WP sensor readings are taken manually, the number of readings will be less
than n due to manual recording only in the first iteration.

C.3.5 Step

5: determine the statistics of the sample and equipment configuration.

a) Determine the “mean WP/BP temperatures”, “mean samples temperature” and “mean samples
temperature to WP/BP difference” due to operational uniformity and fluctuation of control, using

the stat

32

istical sample mean equation:
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(c.1)

ITu and p; are not required if B_u is computed from b; configured and collected for all n temper-

ature readings (n = n*). If B_u is computed from b; configured and collected for all n tempera-

ture readings, then use b; in the D_u equation;

(%)

is the number of temperature readings measured [number of samples measured (n
of times at which measurements are taken (v)];

is the number of temperature readings available for the built-in equipment'BP/WP s
is the averaged sample temperature reading of jth sample at ith time;

NOTE ¢j; includes the sample temperature readings across all saraples (j=1-m) o
(i=1-v);

is the averaged WP/BP temporary sensor temperature reddings at each ith time;
built-in equipment BP/WP sensor temperature readinig at each ith time;

is the mean WP/BP temperature, measured from the temporary sensors;

is the mean WP/BP temperature, measured:from the built-in equipment BP/WP sen|
is the mean samples temperature, cefmputed from all of the sample measurements;
is mean samples temperature to"WP/BP difference.

NOTE Each ith difference ABS(tj; - p;) or ABS(¢j; - bj) is calculated using ith temper
ings recorded at the same time.

Lalculate the-standard deviation of the “samples temperature to WP/BP difference’
using p; or byaccording to the prior calculation of D,, .

my (ABS[tji_pi]__u)z

X number

ensor;

Ver time

Sor;

hture read-

. Calculated

A (n—1)
-7

V7=1i=1 o

using the statistical sample variance equation.

c) Calculate the standard error of the estimated mean, s
checks the quality of the data collected. If the standard error of the estimated mean approaches
10 % of the tolerance interval required for the aim sample temperature, this provides a warning
that the mean samples temperature mean is not a reliable indicator.

ue

ue’

Q‘|cn
SIS
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NOTE1 If the standard error of the estimated mean indicates a problem, consider increasing the number of
samples used in this calibration procedure (i.e. increase n). If a large number of samples has been measured,
then consider addressing the inconsistencies in the conditions throughout the test volume in the equipment. For
example if “aim” tolerance interval is 2 °C then 10 % = 0,4 °C.

NOTE 2  Decreasing light intensity will generally decrease the variation in conditions in the test volume in the
equipment. Low airflow and very high airflow can be expected to decrease the variation in conditions in the test
volume in the equipment. Midrange airflow might contribute to variation in conditions in the test volume in the
equipment.

C.3.6 Step 6: determine the set point for the temperature control of the equipment.

a) If (n > p*) and p; was used in the prior calculation of D_u, then compare P_u (the mean BR/WP

temperature, measured from the temporary sensor) to B_u (the mean BP/WP temperature, meadqured

from the built-in equipment BP/WP sensor) and compute the plus or minus () difference (i.e.
tolerange) between these. Record the difference as the BP/WP sensor ‘Adjustment

’ ’

Compute D_L = D_u + “adjustment” so that D_u is the “mean sample temperaturé to WP/BP differ¢nce”
referenced to the built-in equipment BP/WP sensor.

b) Determjne the correct temperature control setting for the sample’and equipment configurption
tested.

If (n > n*) anld p; was used in the prior calculation of D_u :

7

WP/BP temperature operational control set point= + D_u +required aim sample temperature. Deterfmine

the sign of ZE by comparing TTH and P_u

’

For examplg D,, is negative in the equation if TTU > P_u

If (n = n*) anld b; was used in the prior calculation of D_u :
WP/BP Temperature Operational Contrel\Set Point = + D_u +required aim sample temperature.

Determine the sign of D_u by comparing 7Tu and B_u :

For examplg D, is negative jn'the equation if TTu > B_u

c) With thle equipment opéerating at the WP/BP Temperature Operational Control Set Point andl the
requirefl aim sampletemperature, repeattemperature measurements of actual sample temperatures
in various locations in the chamber to verify that the operational uniformity behaviour is such that
atleast P5 %wofthe time the sample temperatures throughout the chamber are within two starjdard
deviatiqns.of the mean T, . Hot spot and cold spot regions of the chamber, operating consistently

outside of thatTange, should be elminated {Tom use-

C.3.7 Step 7: determine the air temperature at the established WP/BP equipment temperature
operational control set point.

a) Locate the air temperature sensor near the RH sensor, out of the line of sight of any light source,
with unrestricted air flow in its vicinity.

If the built-in air sensor is not located near the RH sensor, using adhesive, attach a small conductive
thermal mass (e.g. a couple grams, such as a metal washer 10 mm to 12 mm in diameter) to a
temperature sensor and dangle it hanging in the vicinity of the RH sensor. The air temperature
sensor shall not be in direct line of sight with the light source and air flow should not be obstructed
in its vicinity.
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Operate the equipment at steady-state according to the WP/BP temperature operational control set
point and the designed sample and equipment configuration.

Record the air temperature, no less frequently than every 15 s; continue collecting readings for at
least 10 min.

Compute the mean air temperature:

Z:ia—"] (€.2)

C.3.4 Step 8: adjust the relative humidity operational control set point according tq I so that it
corrgsponds to 50 %RH at the chamber air temperature (e.g. use a relative humidity operatjonal control

set ppint of 47 % at a mean air temperature A = 24 °C).
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Relative spectral transmittance of filters

D.1 Standard window glass

Table D.1 — Relative spectral transmittance of standard window glass[10]
Wavelength Relative Wavelength Relative Wavelength Relative trgns-

nm transmittance nm transmittance nm mittance
300 0,0 475 99,9 650 94,2
305 0,0 480 100,0 6585 94,0
310 0,0 485 100,2 660 93,7
315 0,1 490 100,4 665 93,4
320 0,9 495 100,4 670 93,2
325 4,6 500 100,5 675 92,9
330 13,5 505 100,6 680 92,6
335 27,6 510 100,7 685 92,3
340 43,9 515 100,7 690 92,0
345 59,2 520 100,7 695 91,5
350 71,7 525 100,6 700 91,2
355 80,4 530 100,6 705 90,8
360 86,7 535 100,5 710 90,5
365 90,8 540 100,5 715 90,1
370 92,7 545 100,5 720 89,6
375 91,2 550 100,4 725 89,3
380 89,7 555 100,2 730 88,5
385 9233 560 100,0 735 88,4
390 95,6 565 99,8 740 879
395 97,5 570 99,6 745 87,6
400 98,5 575 99,2 750 87,1
405 98,7 580 98,9 755 86,6
410 98,3 585 98,5 760 86,1
415 97,9 590 98,1 765 85,8
420 97,8 595 97,7 770 85,3
425 97,8 600 97,5 775 84,9
430 97,8 605 97,2 780 84,4
435 97,7 610 96,9

440 97,7 615 96,6

445 98,0 620 96,3
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Table D.1 (continued)

Wavelength Relative Wavelength Relative Wavelength Relative trans-
am transmittance nm transmittance am mittance
450 98,4 625 95,9
455 98,8 630 95,6
460 99,3 635 95,2
465 99,6 640 94,9
470 99,8 645 94,6

NOTE Data are normalized to 100 at 560 nm. N
NS
D.2 | L37 filter ,\f}
Table D.2 — Relative spectral transmittance of L37,{ﬂ%r
Wavelength Transmittance Wavelength Transmittance %@length Transmittance

nm % nm % N~/ nm %
300 0,0 470 904 D 640 90,7
305 0,0 475 90,5 (\Y 645 90,7
310 0,0 480 904~ 650 90,8
315 0,0 485 906 655 90,8
320 0,0 490 _\(\Q)()b,S 660 90,8
325 0,0 495 ;Q\'\ 90,5 665 90,8
330 0,0 s00 W 907 670 90,7
335 0,0 5050y 90,5 675 90,9
340 0,0 ) $t§~" 90,6 680 91,0
345 0,0 515 90,5 685 90,9
350 0,0 L . 520 90,5 690 91,0
355 10 Y 525 90,5 695 91,2
360 6,6 O 530 90,6 700 91,0
365 207 535 90,6 705 91,0
370 _C370 540 90,6 710 91,0
375 o 526 545 90,6 715 911
380 (-\?‘\ 63,6 550 90,7 720 91,0
385 ‘\%V 72,0 555 90,6 725 91,2
390.° 77,4 560 90,6 730 91,1

_3\3% Q1'/I CAL on"7 735 91’2
400 84,1 570 90,6 740 91,1
405 86,0 575 90,7 745 91,1
410 87,1 580 90,7 750 91,4
415 88,2 585 90,5 755 91,1
420 88,7 590 90,6 760 91,3
425 89,2 595 90,7 765 91,2
430 89,5 600 90,5 770 91,3
435 89,7 605 90,5 775 91,5
440 89,9 610 90,7 780 91,1
445 90,1 615 90,7 785 91,0
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Table D.2 (continued)

Wavelength Transmittance Wavelength Transmittance Wavelength Transmittance
nm % nm % nm %
450 90,1 620 90,6 790 91,5
455 90,1 625 90,7 795 91,3
460 90,4 630 90,7 800 91,2
465 90,3 635 90,8

D.3 SC37filter
,\b‘
Table D.3 — Relative spectral transmittance of SC37 filter Q
N

Wavelength Transmittance Wavelength Transmittance Wavelength T}_y}ns’mittance
nm % nm % nm o\cb %
300 0,0 470 92,1 640 N 923
305 0,0 475 92,1 645y~ 92,3
310 0,0 480 92,1 650 " 92,4
315 0,0 485 92,2 < 655 92,5
320 0,0 490 92,2 DV 660 92,4
325 0,0 495 922 W] 665 92,5
330 0,0 500 923 o, 670 92,4
335 0,1 505 9225 675 92,5
340 0,1 510 922 680 92,6
345 0,4 515 92 685 92,5
350 15 520 ST 922 690 92,5
355 5,0 525 o 92,2 695 92,7
360 12,7 530 92,3 700 92,5
365 26,7 5535 92,3 705 92,5
370 42,5 540 92,2 710 92,6
375 588 () 545 92,3 715 92,6
380 70,5 N 550 92,2 720 92,6
385 79,0~ 555 92,2 725 92,7
390 K 560 92,3 730 92,6
395 _\\AB75 565 92,3 735 92,8
400 7 893 570 92,3 740 92,7
405 | Ch 904 575 92,4 745 92,8
410 90,8 580 92,2 750 92,7
415 91,3 585 92,2 755 92,5
420 91,5 590 92,4 760 92,6
425 91,7 595 92,2 765 92,8
430 91,7 600 92,2 770 92,7
435 91,9 605 92,3 775 93,2
440 91,8 610 92,3 780 92,5
445 91,9 615 92,3 785 92,5
450 91,9 620 92,2 790 93,1
455 92,0 625 92,4 795 92,9
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Table D.3 (continued)

ISO 18937:2014(E)

Wavelength Transmittance Wavelength Transmittance Wavelength Transmittance
nm % nm % nm %
460 92,0 630 92,3 800 92,7
465 92,0 635 92,4

D.4 Polycarbonate filter

ble D4 — Relat | traem lscarhanate ler

W:,Jvelength Transmittance Wavelength Transmittance Wavelength 'l‘ggﬂsmittance
nm % nm % nm (]Q %
300 0,0 470 85,6 640 A\ 86,3

y ’ 05 1
305 0,0 475 85,5 645, 86,2
A4
310 0,0 480 85,4 _650 86,5
315 0,0 485 85,4 _C655 86,5
o
320 0,0 490 85,4 Y 660 85,4
N/
325 0,0 495 852 < 665 82,5
N
330 0,0 500 8520V 670 78,1
Y
335 0,0 505 85 675 75,5
340 0,0 510 849 680 76,7
345 0,0 515 8 846 685 80,6
350 0,0 520 B 845 690 84,5
355 0,0 525 ] 84,1 695 87,2
360 0,0 530~ 84,1 700 88,5
365 0,0 R 83,9 705 89,2
370 0,0 . 540 83,7 710 89,4
375 00 S 545 83,4 715 89,8
380 00 (7 550 83,5 720 90,0
385 0,0)° 555 83,3 725 90,1
390 00 560 83,2 730 90,3
395 _O7a 565 83,3 735 90,2
400 oo 138 570 83,3 740 90,2
s05 N 406 575 83,4 745 90,2
a9 7~ 63,7 580 83,6 750 90,4
15 75,5 585 83,8 755 90,4
420 80,8 590 83,9 760 90,4
425 83,1 595 84,2 765 90,4
430 84,2 600 83,9 770 90,4
435 84,7 605 83,6 775 90,5
440 85,2 610 83,7 780 90,4
445 85,3 615 84,5 785 90,4
450 85,5 620 85,3 790 90,4
455 85,5 625 85,8 795 90,4
460 85,5 630 86,1 800 90,3
465 85,5 635 86,4
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ISO 18937:2014(E)
Annex E
(informative)

Examples of light exposure equipment

E.1 Xenon light exposure equipment

See Figure H.1.

\'\\\\

Key

black pa helthermao sensor or white. p:mp] thermo sensor

sample prints
xenon arc lamp with filters

BwWw N

light receptor

Figure E.1 — Example of xenon light exposure equipment

E.2 Fluorescent light exposure equipment

An example of typical chamber and configuration for fluorescent light exposure equipment is shown in
Figure E.2.
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