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Foreword

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

This document covers the methods and procedures for measuring the long-term, dark storage stability
(thermal stability) of colour photographs.

Today, the majority of photographs are made with colour dyes and pigments. 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
may not be known at the outset. Knowledge of the useful life of colour photographs is important to many
users, especially since stability requirements often vary depending upon the application. For museums,

Fres-af hre astble hre-cate . sraphic-materials—an anding of the
essential if\they are to be

iour of these materials under various storage and display conditions is
erved in good condition for long periods of time.

change in density, contrast or stain, whether due to colourant fading,~changes in colourant
ology or discolouration of residual substances will change the appearaneg of the phdtograph.

h
lost damaging change tends to be contrast balance distortions brought about by differ¢ntial fading
e three image colourants. These manifest themselves as shifts in coleur balance from highlights to
shadpws that are especially noticeable in a scale of neutrals, for exariiple a shift from magepnta to green
due to fading of the photograph’s magenta image colourant, or from‘yellow to blue or cyan fo red due to
fadirlg of the yellow or cyan colourant.

The 1
a dis
the [

hy simply be
a change in

econd most consequential change is that caused by aniincrease in stain. The result m
colouration of the D;, areas (unexposed processed<nedia or unprinted substrate) o
min colour balance.

Cyar|, magenta, yellow, and sometimes black, red;*green and blue colourants that are dispersed in
trangparent binder layers, or absorbed onto speeial receiver layers coated onto transpar¢nt or white
opaque supports, form the images of most modern colour photographs. Colour photographic images
typidally fade during storage and display; they will usually also change in colour balance [because the

imag
stain
and
the (
displ
proc
such
coloy

The

relat
tow
hum
imag

e colourants seldom fade at the sanierate. In addition, a yellowish (or occasionally ang
may form and physical degradatioh may occur, such as embrittlement and cracking of]
mage layers. The rate of fading and staining is governed principally by the intrinsic
olour photographic material and by the conditions under which the photograph is
ayed. The quality of chemical processing or post-processing is another important
bssing treatments and;in the case of digitally generated photographs, post-production
as application of laCquers, plastic laminates and retouching colours, also may affect th
r materials.

three main factors that influence storage behaviour or dark stability are the temp
jve humidity (RH) of the air that has access to the photograph, as well as atmospher

ther colour)
the support

stability of

stored and
factor. Post-
treatments,
b stability of

erature and
c pollutants

hich the-photograph is exposed. High temperature, particularly in combination with high relative

dity, wWill accelerate the chemical reactions that can lead to degradation of one or
e(celourants. Low-temperature, low-humidity storage, on the other hand, can greatly

more of the
prolong the

life @

fphotograptic colour-inmages for typical matertats—Other potentiat causes of inmage

are microorganisms and insects.

legradation

Most modern photographs degrade too slowly under normal room conditions to permit evaluation of
their dark storage stability within reasonable periods. However, it is possible to assess the probable, long-
term changes of some photographs under low and moderate storage conditions with accelerated, high-
temperature tests, because recognizable losses in image quality under high temperatures are apt to be
generated also under milder temperatures, if at a slower pace. The effects of relative humidity on thermal
degradation can also be evaluated with Arrhenius tests conducted at two or more humidity levels.

Long-term changes in image density, colour balance and stain level can be reasonably estimated only
when good correlation has been confirmed between accelerated tests and actual conditions of use.
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Density changes induced by the test conditions and measured during and after incubations include
those in the support and in the various auxiliary layers that may be in a particular product. With most
materials, however, the major changes occur in the image-bearing layer. An exception to this is found in
some inkjet papers where the inks are thermally stable and substrate yellowing is the failure mode (see
Reference [9]).

The tests for predicting the stability of colour photographic images in dark storage are based on an
adaptation of the Arrhenius method described by Bard et al. (see References [2] and [3]) and earlier
references by Arrhenius, Steiger and others (see References [4], [5] and [6]). Although this method
is derived from well understood and proven theoretical precepts of chemistry, the validity of its
application to predicting changes of photographic images rests on empirical confirmation. Although
many chronfogenic- Tmage fading and staining data In both accelerated and
non-accelerated dark ageing tests that are in agreement with the Arrhenius relationship, some’pther
types of products do not. For example, integral-type instant colour print materials often exhibit atylpical
staining at [elevated temperatures. The treatment of some chromogenic materials at(témperatures
above 80 °( and 60 % RH may cause the loss of incorporated high-boiling solvents and abngrmal
image degradation. The dyes of silver dye-bleach images deaggregate at combindtions of very|high
temperatur¢ and high relative humidity, causing abnormal changes in colour balance and saturption
(see Refererice [7]). In general, photographic materials tend to undergo dramatie’changes above 60 %
RH (especidlly at the high temperatures used in accelerated tests) owing¢oschanges in the physical
properties ¢f gelatine and other binder materials. Lower maximum relative humidity may ne¢d to
be tested for some of the more humidity-sensitive inkjet materials becduse of phase changes suth as
melting point or glass transition temperature.
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Imaging materials — Processed colour photographs —
Methods for measuring thermal stability

1 Scope

This document describes test methods for determining the long-term dark storage stability of colour

phot

It is
imag
trang
dark
dye ]

DETAPITIC ITAgES-

applicable to colour photographic images made with traditional photographic(matg
es are generated with systems such as chromogenic, silver dye-bleach, dye transfer, dy

rials. These
e-diffusion-

fer “instant”, and similar systems. The test method specified in this docuinent als¢ covers the

stability of digital colour images produced with dry- and liquid-toner elegtrophotogra
ransfer (sometimes called “dye sublimation”), and inkjet printing systems.

2 Normative references

The
cons
unda

ISO §

ISO §
refle

ISO
arts

ISO 1
ISO 1
ISO 1

3
Fort

ISO 4

following documents are referred to in the text in such away that some or all of t
fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

-3, Photography and graphic technology — Density.fmeasurements — Part 3: Spectral co

-4, Photography and graphic technology — Deisity measurements — Part 4: Geometric c|
Ction density

13655, Graphic technology — Spectral-measurement and colorimetric computation
Images

8913, Imaging materials — Permanence — Vocabulary
8924, Imaging materials +~Fest method for Arrhenius-type predictions

8941, Imaging maternials — Colour reflection prints — Test method for ozone gas fading

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 18913 and the foll

nd IE€Gmaintain terminological databases for use in standardization at the following 2

— 1

bhy, thermal

heir content
applies. For
hts) applies.

hditions

pnditions for

for graphic

btability

bwing apply.

ddresses:

S@_Online browsing platform: available at https://www.iso.org/obp

— 1
3.1

EC Electropedia: available at http://www.electropedia.org/

operational fluctuations
positive and negative deviations from the setting of the sensor at the operational control set point
during equilibrium conditions in a laboratory-accelerated weathering device

Note 1 to entry: The operational fluctuations are the result of unavoidable machine variables and do not include
measurement uncertainty. The operational fluctuations apply only at the location of the control sensor and do
not imply uniformity of conditions throughout the test chamber.

[SOU
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operational uniformity
range around the operational control point for measured parameters within the intended exposure

area within

the limits of intended operational range

[SOURCE: ASTM G 113]

3.3

uncertainty of measurement
parameter, associated with the result of a measurement, that characterizes the dispersion of the values

which could

be reasonably attributed to the measurement

Note 1 to entfry: The parameter may be, for example, a standard deviation (or a given multiple of it), or the

!

width of an iterval having a stated confidence level.

Note 2 to enty
may be evaly|
by experime
deviations, a

Note 3 to en
measuremen
components

[SOURCE: A

4 Requil

This docun
permitted 1
as time-bas
from these
accordance

The test m¢

stability of fmage materials with respeetito one specific failure mode. The data from the test mefj

of this docu
materials w
accordance

test results
matching sp

Further cla

which may directlylead to a predicted product lifetime. Fundamentally, the Arrhenius method de

a rate of chj
predictor of]

y: Uncertainty of measurement comprises, in general, many components. Some of thése-<compo
hted from statistical distribution of the results of series of measurements and can.bé characte

fry: It is understood that the result of the measurement is the best estimate of the value
L, and that all components of uncertainty, including those arising from systematic effects, sy
hssociated with corrections and reference standards, contribute tg the dispersion.

5TM G 113]

fements

ent specifies a set of recommended test-imethods with associated requirement
eporting. Data from these tests shall not be used to make life expectancy claims,
ed print lifetime claims, either comparative or absolute. The conversion of data obtg
methods for the purpose of making public statements regarding product life shall

with the applicable document(s) for{specification of print life.

thods in this document may, be useful as stand-alone test methods for comparison d

mnent may be used in stand-alone reporting of the absolute or comparative stability of i
ith respect to the specific failure mode dealt with in this document, when report
with the reportingrequirements of this document. Caution shall be used when comp
for different materials. Comparisons shall only be made when using equipment
ecifications, uider matching test conditions.

ificationds\tequired for this method because it makes use of the Arrhenius method

inge (see ISO 18924). This document shall use the ISO 18924 Arrhenius method only
rate'of change for chemical reactions, not as a predictor of print longevity.

half-

hents
rized

htal standard deviations. The other components, which can also be characterized by stapdard
e evaluated from assumed probability distributions based on experience or other information.

f the
ch as

5 for
such
lined
be in

f the
hods
nage
bd in
hring
with

logy
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as a

5 Sampl

e preparation

5.1 Target selection

For general testing purposes, users of this document are free to choose whatever target, patches
and starting densities they feel are appropriate for their testing needs. An example of such a target
is included in ISO 18944[26], along with requirements and recommendations for sample preparation.
Applicable documents(s) for specification of print life may require the use of specific targets. Other
recommendations for sample preparation are contained in ISO 18909[20l, Image prints may also be
used. When specific starting densities are desired or required, there may not be a step on a printed test
target that corresponds to the exact desired density. Interpolation between two neighbouring density

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=ccdfffce8e036374be50dd3902b27cc5

ISO 18936:2020(E)

patches can be used to predict the values for the exact desired starting density. See ISO 18944:2018,
Annex B for details on interpolation between two neighbouring density patches.

5.2 Use of replicates and reference samples

At least two replicate prints are required. Replicates shall be located for testing in different regions of
the test chamber volume.

It is recommended that reference samples be included in every exposure test to track consistency of the
test procedures as well as unintended changes of test conditions (see Reference [21]).

6 1

Mea{
ina

cons
dens

NOTH
phasq

The
cond
whil

The
24 h

NOTH
meas

dolding and measurement conditions

urements and sample holding for measurement and next test phase preparation shall b
Controlled environment with no time constraint, or in a less controlled environment
[raint. The measurement environment and sample holding environmentcan influend
ties.

1  "Sample holding environment" refers to the environment in whiely samples are held
s, such as before and after measurement, while the samples are not in‘the active test environr

fitions: samples shall be kept in the dark at 23 °C * 2 °Cé&nd at a relative humidity of
e waiting for measurement and while holding betweentest stages.

sample holding environment shall be ozone-free (2 nl/l average ozone concentrati
period) for ozone-sensitive samples.

2 1nl/l=1ppb (1 x 10-9). Although the%iotation "ppb" (parts per billion) is widely

becayse it is language-dependent.

Ozor
A mi
proc
level
meas

The

the ff
temp]
conc

Whe
shall
The

hum

e sensitivity shall be determined.in accordance with ISO 18941; ISO 18944 may a
iterial that is not sensitive to. 0zone shall have demonstrated no measurable D,
pssed media or unprinted substrate) or printed patch colour change at ambient ozo
and measurement condition temperature and humidity, over time periods con
urement and test staging/time periods.

D

e conducted
with a time
e measured

between test
hent.

rontrolled sample holding environment with no time comstraint shall meet the follpwing set of

(50 + 10) %

bn over any

used in the

urement and reporting of trace amounts of.pollutants in the atmosphere, it is not used in this document

so be used.
(unexposed
he exposure
bistent with

rontrolled measurement environment with no measurement process time constrai

bntration over any 24 h period) for ozone-sensitive samples.

beeld or measured in the less controlled environment for a maximum of 2 h for ea

shall meet

ollowing set of ‘eoniditions: ambient illuminance on the sample surface no greater than 200 Ix,
erature of 23yC* 2 °C and a relative humidity of (50 + 10) %, and ozone-free <2 nl/1 average ozone

h sample*holding and/or measurement are conducted in a less controlled environmgnt, samples

test stage.

[€ss controlled environment may be unfiltered for ozone, and shall have a maximum relative

less than or equal to 1 000 Ix.

NOTE 3

dity of 75 % and maximum temperature of 30 °C, with ambient illuminance on the sample surface

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 1x 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.
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The measurement environment and sample holding environment, with respect to temperature,
percentage relative humidity, ozone and light levels, and with respect to fluctuations and uniformity
shall be reported in the test report.

The CIE colour coordinates of the D, ;, patch (unprinted paper) shall be measured using ISO 13655
measurement conditions for the relative spectral power distribution of the flux incident on the
specimen surface. The conditions are chosen to be relevant to the characteristics being investigated.
White backing is recommended in accordance with ISO 13655. Report the backing used or report
the material opacity, according to ISO 2471, such that backing has no influence on the measurement.
Measurement conditions shall be consistent throughout the test process. Conforming to ISO 13655,
calculated tristimulus values and corresponding CIELAB values shall be computed using the illuminant
and standard observer conditions applicable to the material under test.

NOTE 4 ith completely opaque materials such as the aluminium substrate used in outdoor._festing, the

backing has njo relevance.

1ition
ment
ng to

Optical dengities shall be measured according to ISO 5-3, with the relative spectral péwer distrib
of the flux ihcident on the specimen surface conforming to CIE illuminant A, ISO 13655 measure
condition applicable to the characteristics being investigated, and spectral products conformiy
Status A or $tatus T density, as appropriate for the material under test.

White backing is recommended in accordance with ISO 5. The ISO 5 standard reflection density|shall

be used as
or black ba
throughout

NOTE5 W
or status T d¢

A single me
particular t
values of th
Replicate prj
measured o

of equipment failure the test should be invalidated. A replacement instrument with a known o

determined
used when

with the knpwn offset.

NOTE6 It
be measured
and then stor

matched to those under testare preferred to measurements using BCRA tiles. See ISO 18920[23] for print st

methods.

7 Testm

efined in ISO 5-4, allowing either annular influx mode or amifular efflux mode. Either v
cking is allowed. Report the backing used. Measuremeént”conditions shall be consi
the test process.

hen testing in accordance with an image life specification standard, then either standard sta
nsity is selected according to that specification staridard.

asurement instrument shall be used for all’of the measurements taken pertaining

vhite
Ktent

tus A

to a

bst. For example, initial patch values of a test target print and subsequent degraded
ht particular test target print shall be measured using the same measurement instru
ints may be measured on separate.-nieasurement instruments as long as each is consist
h the same instrument used for(its initial readings. According to best practice, in the

for the test measurement ¢onditions and materials such as those being measured, m
he original instrument-s-not available. In this case, all measurements shall be corr¢

is useful to retain ah.dentical set of print samples for comparison so that the instrument offset
later if needed,~These print samples are measured together with the test samples prior to a
ed in a sealed/bag’in a freezer while the test samples are aged. Offset measurements from mat

eéthods — Thermal stability

hent

ently
case
ffset,
hy be
pcted

s can
geing
brials
brage

7.1 General

7.1.1

“Free hanging” versus “sealed bag” methods

Long-term dark stability is evaluated by a series of tests carried out at several elevated temperatures
at a particular relative humidity. Two test techniques, known as the “sealed bag” and the “free
hanging” methods, are available for accelerated dark stability testing. These test methods, which can
simulate two kinds of storage conditions, tend to give somewhat different results (see, for example,
Reference [8]). In one storage condition, the photographic material is stored in a sealed container with
very little air. Any substance released by the photographic material is trapped inside the container and
can interact with the image or support. This situation is best simulated by the “sealed bag” method,
in which preconditioned specimens are sealed in a moisture-proof bag from which most of the air
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has been expelled. An appropriate number of such bags are placed into ovens maintained at different
test temperatures to permit specimen evaluation at periodic intervals. If this method is being used in
conjunction with an image-life specification standard that defines endpoint criteria, evaluate at periodic
intervals until at least one predetermined end point has been reached for the image-life parameters
listed in the specification standard. The second storage condition, where images are kept in an open,
unprotected environment (such as displayed print), is simulated by the “free hanging” method, in which
the specimens are suspended in a relatively large test chamber at a sufficient distance from each other
to ensure free access of the circulating air to all surfaces. In this free hanging condition, air circulation
is controlled equally in the vicinity of all prints so that test results are consistent and repeatable.

Users of this document should be aware that the moisture content (by mass) of the specimens would
diffef somewhat wi € two test methods, especially at increasingly high oven tempefatures (see

Reference [8]). With the “sealed bag” method, the moisture content within each bag

esseltially constant, independent of oven temperature. With the “free hanging” method, |
moisfture content of the chamber environment will generally increase as the tempérdture

is in¢reased at constant relative humidity. The influence of these differences,on specim
cont¢nt and of the glass transition temperature of the gelatine emulsion or other binder on
of ageing behaviour may vary depending on the photographic material, the range of oven t¢
used} and the selected relative humidity value. If it is suspected that-these differences d
significant impact on fading and/or staining behaviour with a particular'photographic mat
be ugeful to conduct tests with both methods.

The
evall
repo

hoice of test method should be based on the known properties of the photographic ma
lated and the expected storage conditions of these materials. The choice of test met
Fted.

7.1.1 Humidity effects

At rd
temp

lative humidity above 50 % RH, misleading results may be obtained, especially
eratures used in accelerated tests, because of significant changes in the physical and
properties of some components of photographic imaging layers. For example, photograg
changes from a solid to a gel state (glass'transition temperature, T;) at about 50 °C and

the gel state, the structure and distribution of the image colourants may change with
chanfges in spectral absorption and/or covering power. An example of this is the smearing
of colourants in some dye-based'inkjet systems, which is manifested as an initial density §
fadirlg that occurs at temperature and humidity combinations above the glass transition t
(see Reference [10]). Thiscan cause changes in hue, colour density, or both. This multiple
may [come into play onlg-iinaccelerated ageing tests and, if so, precludes accurate predictig
behayviour under norfral storage conditions. Furthermore, ferrotyping and other physical
be induced at elevated temperatures and humidity.

7.1. Testing of low glass transition temperature products

Disproportionate increases or decreases in density values and/or pronounced changes in thd

will remain
lowever, the
of the ovens
b moisture
predictions
mperatures
ould have a
erial, it may

rerials being
hod shall be

at the high
or chemical
hic gelatine
b0 % RH. In
consequent
or bleeding
rain prior to
emperature
mechanism
ns of ageing
defects may

appearance

of the“test specimens usually indicate the deleterious effects of high temperature treatment. Data
derived from such specimens should be excluded from the computation of the test results if this results
in non-linearity of the Arrhenius treatment as illustrated in Annex A. Exceeding the T, of a material can
in some (but not all) cases result in such non-linearity. In the case of such non-linearity, this document
requires the use of lower temperatures and longer times to do the analysis.

While outside the scope of this document, other options exist for testing materials with limited T,
ranges without having to resort to extremely long, low temperature tests. The constant dew point
method has been applied in some of these situations (see References [11], [12] and [13]).

7.1.4 Concerns around the effects of atmospheric pollutants

The major destructive influences on inkjet, electrophotographic and thermal dye diffusion images
are heat, humidity, atmospheric gases and light exposure. Therefore it is prudent to separate these
effects as much as possible into their individual components. Recent work has shown that for those
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materials studied (and especially so for the porous inkjet media) the effects once thought to be light-
fade reciprocity failure are actually dark interactions of atmospheric pollutants with the prints. (See
Reference [15]). Separate testing for sensitivity to atmospheric pollutants shall be conducted following
the methods specified in ISO 18941.

Because of the potential sensitivity to air pollution for some imaging materials, the tests described
in this document shall be run in an ozone-free condition, which is defined as <2 nl/1 average ozone
concentration over any 24 h period. While the sealed bag method is relatively immune to atmospheric
pollutants, there is potentially a concern in the free hanging method. One way to comply with the
requirement for the ozone-free condition is to use humidified environmental chambers in a laboratory
with an average ozone concentration of <2 nl/1 over any 24 h test period. An alternative method is to
use humidiffed environmental chambers WIth an average ozone concentration of <Z nl/I over any| 24 h
test period.

7.2 Test methods and equipment

7.2.1 Temperature

At least fou
The test ten
performanc
range can b
The temper

I different temperatures shall be used at any one of the test codditions described in 7.2.
hperature range shall be at least 20 °C. When the highest temperature possible for linear
e (see 7.1.3) with a particular material is less than or equalto 55 °C, then the temperature
e 15 °C, provided that four points are still tested per the@¥rrhenius method in ISO 18924.
nture intervals shall be approximately equal, e.g. 55 °C, .65 °C, 75 °C and 85 °C.
1l be

The preferred air temperature shall be according to the test method. The air temperature shg

maintained
The 24 h ru
+1,0 °C of al
after operat
chamber sh
mirror hygr
prior to tes
for use to c
operational

7.2.2 Relative humidity

As the effed
useful to ev
relative hur
lower than j
[SO 1892012
selected for
conditions @

and controlled throughout testing with an operational fluctuation within +2,0 °C of]
hning average of the operational fluctuation, sampled at least every 15 min, shall be wj
m. The running average shall not include the test condition transition time of at mog

11l be recalibrated for temperature using’a reference calibration standard, such as a clj
ometer. Operational uniformity of the-equipment at the test conditions shall be evalt
F start and shall be within +2,0-°G of aim. Regions of the test chamber shall be selg
bmply with the required operatiohal uniformity conditions. If the running average d
fluctuation does not meet thé\requirement, it shall be documented and explained.

ts of humidity omjmage stability can differ markedly from one product to another
hluate its effect\This is done by means of a temperature test series carried out at diff
hidity conditions. If the relative humidity during storage is expected to be signific
0 % RH, su¢h'as when stored in accordance with some conditions specified in ISO 1891
bl or in_annarid climate, or significantly higher, as in a tropical climate, the relative hum
the test should correspond to the storage conditions. Such tests are often conduct
f various % RH levels, such as 20 % RH to pick up low humidity effects and 70 % RH td

aim.
ithin
tlh

ion at the test condition is initiated. Each tilme the chamber aim temperature is changed, the

iilled
lated
pcted
f the

it is
brent
hntly
1024])
idity
bd at

pick

up high hum

idif‘y effects

The preferred level of relative humidity shall be 50 % RH at the control temperature. Other levels may be
used, such as 20 % RH and 70 % RH, where such levels reflect actual product use conditions. In all cases,
the relative humidity test conditions shall be reported. The relative humidity shall be maintained and
controlled throughout testing with an operational fluctuation within +6 % RH of aim. The 24 h running
average of the operational fluctuation, sampled at least every 15 min, shall be within #2 % RH of aim.
The running average shall not include the test condition transition time of at most 1 h after operation
at the test condition is initiated. Operational uniformity of the equipment at the test conditions shall
be evaluated prior to test start and shall be within +3 % RH of aim, at a constant temperature. Regions
of the test chamber shall be selected for use to comply with the required operational uniformity
conditions. If the running average of the operational fluctuation does not meet the requirement, it shall
be documented and explained.
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Each test chamber shall be calibrated for relative humidity control and measurement accuracy 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.

7.2.3 Number of specimens

The specimens should be representative of the products and modes of processing to be evaluated. Paper
materials used in testing should be obtained fresh from sealed packaging. Samples should be handled

only

Thes|
the {
spec

with gloves. Exposure to ambient light should be minimized during sample measuremgnts.

e specimens are measured before incubation and at predetermined interwals th
pecimens are withdrawn from the temperature/humidity-controlled ovens.” Whi

ereafter, as
e the same

mens are generally used throughout the test period in the free hanging,method, there may be

situdtions where it is advantageous to put multiple samples into one chamber{-discarding e3

itha
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b reached its intended exposure increment.

hally, measurements should be made at five or more time intervals during a period
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requ
obse

It is {
an in
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red time intervals at the lower temperatures can be deduced from the fading and st
rved at the higher temperatures.

uggested that additional tests with identical specimens be repeated at different time
dication of the repeatability of the test procedures-and testing equipment.

Free hanging method at constant relative’humidity

ach temperature condition described in Z2.1, samples of all materials shall be hung, for
or rods such that they are freely exposed to the atmosphere within a temperature ar
rolled chamber. Weights may be attached to the lower end of the samples, if necessar)
bsive curl due to humidity or to prevent excess movement of the samples if air is movi
e chamber. Specimens shall be free hanging in air of controlled temperature and relati

culating forced-air envirénmental chambers shall be used. Airflow shall be consistent
print hanging area, and-at the various temperatures. Airflow measurements shall
ppriate locations in-the chamber. One temperature- and humidity-controlled chambej
hch temperature-condition. However, if there is a problem with gas phase cross-cont
les, some samples may have to be segregated in their own chamber. A single set of ta
ising this method. Samples are removed for reading and generally replaced after re
made.

bw can-be an issue with respect to variability in unprinted sample yellowing. After ¢

urement, samples can be returned to the chamber in another location to minimize t

ch one after

that is long
enerally, the
aining rates

s to provide

example, by
d humidity-
y, to prevent
ng very fast
e humidity.

throughout
be read in
is required
imination of
rgets can be
adings have

ach interval
he effects of

airflow=variation around the chamber This can alsa he a factor with use of multiple chl
Reference [18]).

hmbers (see

The use of desiccators containing aqueous solutions as humidity chambers has several practical
difficulties, and the aqueous solutions could lead to chemical contamination of the test specimens. For
this reason, desiccators shall not be used for the tests specified in this document. The atmospheric
requirements can be obtained with temperature- and humidity-controlled environmental chambers of
the type in which the relative humidity is maintained by controlled contact of recirculated air with
humidifying water or controlled injection of humidified air.

Care should be taken about the sensitivity of some samples to ambient ozone levels. Procedures to deal
with this are covered in 7.1.4.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=ccdfffce8e036374be50dd3902b27cc5

ISO 18936:2020(E)

7.2.5 Sealed bag method (constant moisture content)

Recirculating forced-air ovens of controlled temperature shall be used. Because control of relative
humidity within the test ovens is not necessary, dry ovens (which are much less expensive than
humidity-controlled ovens) may be used for the heat-sealed bag method.

In addition to the test specimens used for measurements, D ;, media of the same kind shall be used for
fillers for test media for heat-sealed bag incubations. Unprinted digital output can be used for fillers
for digitally generated output tests. The samples and fillers for each material shall be conditioned at
23 °C % 2 °C and the relative humidity of the test. Moisture conditioning shall sequentially follow the
dry down/cure period that is specified in 5.1 and clause 6. The moisture conditioning period shall be

seven days.
the dry dow
be inserted
The outside
High quality

from the baE

with a hot d|
be inserted
will then b
the replicat
required te
interleave s§
cannot be c(
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into a bag consisting of a layer of polyethylene inside coated with a layer of alundinit

bags shall be used to ensure that the test is not compromised by contamifrant off-ga
material. The air shall be squeezed out as much as possible and the bag’shall be s
y iron or an impulse sealer. Excess areas of bag shall be folded over and-this package
into a second bag. The outside bag shall have as much air squeezed out as possiblg
sealed with a hot, dry iron or impulse sealer. This process shall be repeated for ea

bt conditions, then 50 um to 75 um thick polytetrafluoroéthane (PTFE) may be us
nmples rather than the filler material as a separate test. Results using filler media and
mpared.

A separate

a
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a particularj
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g is needed for each of the multiple density measurements to be made during the ¢

gged and further incubated. The total numbexiof specimens and bags required to eva
product will depend on the number of withdrawals from the ovens for measurement,
be determined by the inherent stability of the product, the number of test tempera
itive humidity used. Withdrawal intervals of hours and days often are appropriaf]
temperatures, and weeks or months for the lower temperatures. Once specimens
ed from a bag for density meas@rements, the specimens shall not be subjected to fu

yond
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foil.
layer may be one of a number of substances, including paper, polypropylene,or polyarilide.

5sing
paled
shall

and
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e samples. If sticking is a problem such that test measurements are compromised at the
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ntire
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7.3 Computation of dark stability

ex A.
ified
d for
bove

The mathenatical procedures for€stimating image life by the Arrhenius method are shown in Ann
However, thfis can only be campleted when used with selected end points, for example those speq
in an appropriate print lifé.specification standard (see Clause 4). Alternative end points may be useg
other applidations of this.document. Note that the end points are to be qualified as sufficiently 4
the noise of the test.

8 Test r(fport

8.1 General reporting requirements

Reporting based solely on this test method shall be restricted to reporting the specific thermal
stability test result and shall include reporting of the test procedure (e.g. sealed bag, free hanging), the
humidity (% RH), the temperature and the test time duration. For the free hanging test case, both the
conditioning % RH and the test % RH shall be reported. For the sealed bag test case, the conditioning %
RH shall be reported. Arrhenius extrapolations using the conditions in this test method deal only with
thermal stability and exclude the potential effects of other factors such as gas fading that may also be
present in real-world conditions.

Users are cautioned that results from this test method apply only to the specific system tested. For
example, in inkjet systems, a specific ink used with a specific paper may have very different results
from another. Test reporting shall include this disclaimer.
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The results of these tests are reported as time to reach the observed optical densities at each testing
temperature, together with the percentage of optical density losses. In addition, while this test
has not been designed to cause physical deterioration of the print, any visual observations of print
quality degradation, such as sharpness, and physical deformations, such as curl, cockle, cracking, or
delamination, that occurred during the test shall also be reported.

The test results report shall include the following information:

a)

b)

d)

f)
g)

the target patch encoding values of the patches selected for monitoring in the test, and the

nnwvacnnnﬂIhn‘ nitial dancitiac (1 o 1 n\ ofthanautral and calanr natchac: tha numbhar
>pPo TSt ro S e o e eSS o O trre e trer o e e e oroar pPorter eyt Traro e

lest specimens included in the test;

the backing used during measurement or the material opacity according to ISO 2471;
for digital output samples, the printer model, printer driver version, printerdriver sett
¢ontrols selected in that application; the cartridge configuration/ink/donor or col
gdnd any other necessary information, such that the print file can"be reproduced by 3

f this document; for silver-halide based samples, the processing conditions (i.g
rocedures) - in all cases, any post-processing treatments thdt may have been applied 4

he actual test method (constant RH or constant moisture) and conditions that were f|
he actual temperature, relative humidity, measured-\airflow, and test concentration
im level); if the actual test conditions deviate.fbom the nominal conditions spec
ocument, then an explanation shall be provided;

uration of the test, including the extent anddevel to which the test was conducted; as
the extent and level shall be at least long enough such that a fade signal (loss or g
gtatistically separated from test noise;

the experimentally derived Arrhenius equation and some measure of the “goodness of fit

fesults of the Arrhenius extrapolation such as years to end point, excluding reporting g

of duplicate

ngs, printer

front panel settings, the name of the host application used in generatingtthe print, and the colour

burant used

manufacturer’s name and part number); the paper used (manufactdrer’s name and moglel number);

nother user
chemicals,
0 the prints;

pllowed (i.e.
and control
fied in this

A minimum,
rain) can be

" of the data;

s image life.
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Annex A
(informative)

[llustration of Arrhenius calculation for dark stability

A.1 Plot of colour fading

This annex iIllustrates the Arrhenius calculation using as an example the fading of a yellow colour [Latch
and the resylting densities after incubation at 60 °C and 50 % RH. The required density parameterf can
be found in [fable A.1 to generate the fading curve at 60 °C. They are as follows:

— t, the tifne in the oven, ranged from 0 d to 231 d;
— dY(B)t, plue density of the yellow colour patch at time t (see note below);

— [100 - %AdY(B)t], the percentage of blue density retention of the yellowxcolour patch at time ¢ (see
note below).

Taple A.1 — Densitometry data for reflection material in a 60 °C/50 % RH oven

Time Density

t dY(B)t 100 - %AdY(B)t
day %

0 1,02 100
14 0599 97
28 0,98 96
42 0,96 94
56 0,95 93
70 0,94 92
90 0,90 88
112 0,89 87
133 0,85 83
161 0,82 80
196 0,76 75
231 0,71 70

NOTE Tllle density parameters, dY(B)t and %A4dY(B)¢, and calculation thereof, can be found in ISO 18944.

Densitometry of the yellow patches [dY(B)t] gives densities to blue light at each time, t. These densities
include both the density due to the presence of the yellow colourant as well as the blue density of the
support and other miscellaneous colourants.

[100 - %AdY(B)t] is plotted in Figure A.1 against the time, ¢, in days. A smooth curve is then drawn
manually through the points. The same procedure is applied to the data from all temperatures. From
these plots, one can interpolate the times required for the fading or decreasing of the original density
dY(B), to reach a specified value, such as 30 % loss (70 % retention of the original density). In this
example, the values of the time for 70 % retention are determined from the plot (see Figure A.1). These
times, t, at each temperature are then used to make the Arrhenius plot.
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in the form In k = (-E,/RT) + In A, where R is the universal gas constant and E, is the activg

and

to be linear, and over a reasonable temperature range, the equation has been confirme
apprpximation for a large number of both simple and complex chemical processes (see Reft

In a

specified density (e.g. a-30 % density loss) against values of inverse temperature; this gen
a positive slope(E,/R) that can be extrapolated to estimate the time to reach the ch¢sen density
chanige at a tempervature of interest, such as 23° C (see Figure A.2).

with

Computerization of this methodology not only permits a convenient handling of large amo

but

well ps &stimates of errors for the extrapolated values. Computer software can be used to

fits,

ISO 18936:2020(E)
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Figure A.1 — Density versus time of incubation (at 60 °C)

Computer implementation of the'Arrhenius method

Arrhenius equation (see Reference\[4]) describes an empirical relationship betwsg
derature (7, in degrees Kelvin) and.the rate constant (k) for a chemical reaction and ca

4l is the pre-exponential factér characteristic of the reaction. A plot of In k versus 1/7

pplications related ta this document, it is usual to plot the log of the times necessar

250 X

en absolute
h be written
tion energy,
is expected
d as a good
brence [18]).
y to reach a
brates a plot

ints of data,
st-fit line, as
obtain such

}!so camimprove the quality of the extrapolated estimates by providing an unbiased be

s-well as provide a plot of the data for visual confirmation. Most simply, the software

can be used

to calculate the reciprocal of the absolute temperature (K1) and the corresponding log of the time for
a particular density loss from, respectively, the measured temperature and the corresponding density
change [e.g. %AdY(B)t]. For an example, see Table A.2.
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