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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 testing the low humidity fastness of reflection
colour photographic prints. Low relative humidity exposure is covered; for high relative humidity
testing see ISO 18946. Both low and high relative humidity testing is of particular relevance to dye- and
pigment-based inkjet prints printed on swellable and porous media, dye diffusion process prints, and
silver halide prints, see References [11] to[17].

In this test method the impact on the sample to be measured is the result of low moisture content in the
sample, caused by low absolute humidity. When a temperature is fixed and equilibrium reached in the
test grvirerrer —the-meastrementofthe-moistire-contentinthetestenvironmer is-mes{ easily done
by specifying the relative humidity, not the humidity or absolute humidity. Therefore,‘thle term “low
relatjve humidity” will be used throughout this document.

The method and procedures described in this document can be used to test.any cologir hardcopy
techmnology. Some types of colour photographic prints experience changes in.ithage appedrance when
exposed to a low relative humidity environment. It has been observed thatlow relative humidities
can pccelerate the substrate yellowing of certain types of inkjet papens and this incease in the
blue|D,,;, (substrate white) has been observed with certain types6fJporous media, rgsulting in a
yellow appearance. A possible mechanism for this effect is degradation of optical brighteners, see
Reference [12].

The Jow relative humidity indoor environment can arise from.cold dry air being drawn intq the storage
environment and heated to room temperature. Indoor low~relative humidities are commpn in colder
climates and can be especially prevalent in higher latitudée countries in winter where outfide air dew
point temperatures can be well below 0 °C. When this-air is warmed to room temperature in the print
stordge environment, relative humidities as low as 5 % or lower can be encountered.

Indopr low relative humidities are also comimon in hot, dry climates in combinatipn with air
condiitioning. Low relative humidity environment is often encountered in desert environments or areas
with|long dry seasons..

In addition to substrate yellowing, véry low relative humidities have also been shown to capuse physical
degrhdation of image receiving layers. Visual assessment and reporting of physical degfadation are
included.

© IS0 2019 - All rights reserved v
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Imaging materials — Reflection colour photographic
prints — Method for testing stability under low humidity
conditions
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Terms and definitions

document describes test methods to evaluate reflection colour photographic prints with regard to

observed changes relate primarily to substrate yellowing. Other observed: humi
ical damage factors such as curl, cockle, cracking, or delamination due to humidity cyc
n the scope of this test method.

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

13655, Graphic technology — Spectral measurement and colorimetric computation
Images

8913, Imaging materials — Permanence — VYocabulary
[R 18931, Imaging materials - Recommendations for humidity measurement and control

8941, Imaging materials — Colourreflection prints — Test method for ozone gas fading

he purposes of this document, the terms and definitions used in ISO 18913 and the foll
nd IEC maintain tefminological databases for use in standardization at the following g

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

EC Electropedia: available at http://www.electropedia.org/
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RCE: ASTM G113]

operational fluctuation
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 (3.1) for measured parameters within the intended exposure

area within

the limits of intended operational range

[SOURCE: ASTM G113]

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
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measuremen
components
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:{ry: The parameter can be, for example, a standard deviation (or a given multiple of it), or thg

terval having a stated confidence level.

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

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.
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planar distofrtion in flat materials, especially paper or vellum, that is characterized by puckering, wi
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compliance with the reporting requirements of this document. Comparisons shall be limited to test
cases using test equipment with matching specifications.

5 Outlin

e of test procedure

The eight-patch test target shown in Figure 1 shall be printed at 23 °C + 2 °C and 50 % RH * 10 % RH.

The test samples shall be conditioned, positioned with unrestricted airflow, for 24 h+ 2hat 23°C+ 2 °C
and 50 % RH * 10 % RH.

The printed

samples shall be exposed to low humidity as specified in Clause 7.

Colorimetric measurements shall be taken from ISO 13655 as specified in Clause 8.
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The colour and minimum density, D, ;,, patches shall be measured using CIELAB colorimetry before
and after the relative humidity exposures. The CIELAB colour difference, AE*,, for each of the eight
test patches of the test target shall be calculated.

This document specifies a test method that demonstrates the degree of the deterioration (average AE
of the printed image) quantitatively in a fixed relative humidity condition. This includes demonstrating
the propensity of the image receiving layer or underlying substrate to yellow upon exposure to low
relative humidities, i.e. 25 °C at 10 % RH for 12 months, see Reference [19]. This test method is most
useful for research and development of printing systems or printing materials where humidity fastness
of many samples can be screened and closely compared.

NOT] achieveretative-humiditiesastowas oriteanrbe-necessarytoeitherreducethe-ampient relative
humidity in and around the test chamber environment to well below 50 %, or install a dry air‘tank to provide
sepatfate dry air to the humidity test chamber.

The test procedure is summarized in Table 1.

Table 1 — Summary of the test procedures

Stepis Procedures and test conditions
Sample preparation Test target Eight patch target shown in Figure 1
Temp and RH 23°C*2°Cand 50 % RH# 10 % RH
Sample conditioning Temp and RH 23°C+2°Cand 50 %RH * 10 % RH
Duration 24 h + 2 h, unrestricted airflow
Meagurement Method CIE colorimetry conforming to ISO 13655, M2 conditjons.
Optionally,condition M1 may also be used
Parameter L*a*b* ofteight patches in the test target before the hyimidity
exposute
Humlfidity exposure Method 25°C at 10 % RH for 12 months
Measurement Method GIE colorimetry conforming to ISO 13655, M2 conditjons.
Optionally, condition M1 may also be used
Parameter L*a*b* of eight patches in the test target after the humidity
exposure.

Visual observations for physical changes

Calcylation Individual AE*,,, of eight colour patches in the test tafget after
the humidity exposure. All AE* measurements calculpted from
measurements taken before and after the humidity ekposure.

Repart Measured deterioration at a fixed relative humidity, both AE*
and physical

6 S$ample preparation

6.1 General
The test target shown in Figure 1 shall be printed at 23 °C £ 2 °Cand 50 % RH * 10 % RH.

NOTE The sample printing conditions in this test method refer only to the ambient printing environment,
not the conditions inside the printer during the printing process.

The test samples shall be conditioned for 24 h + 2 h at 23 °C £ 2 °C and 50 % RH + 5 % RH before the
humidity exposure, positioned with unrestricted airflow.

The sample holding environment shall be ozone free (<2 nl/1 average concentration over any 24 h period)
for ozone sensitive samples, as determined according to ISO 18941. A material that is not sensitive to
ozone shall have demonstrated no measurable D ;, or printed patch colour change at ambient ozone

© IS0 2019 - All rights reserved 3
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exposure levels and measurement condition temperature and humidity, during the 12-month test and
measurement time periods.

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

Reference samples are recommended to be included in every exposure test to track consistency of the
test procedures as well as unintended changes of test conditions. See Reference [10].

6.2 Test target

The test pa ; gl i

contained i} the Low Humidity Print Stability Digital Test File collection!). The standard Low Hu
Print Stabiljty Digital Test File shall be downloaded and maintained in the Tagged Image File Format
(TIFF). No lpssy image or file compression shall be applied to the target file.

The change fin the CIELAB colorimetric value of each patch in Figure 1 caused by lowyrelative humjidity
exposure shlall be measured as specified in Clause 8.

It is recommended that a printed reference be kept at 23 °C + 2 °C and 50 % RH-+ 10 % RH.

ISO 158949
Low Humidity Test Target

.\'\

Figure 1 — Test target for low humidity fastness test

6.3 Printer driver setting

When making prints for the low humidity test, the printer driver settings in accordance with the
manufacturer’s recommendation should be used for each applicable media. Other printer driver
settings may be used, dependent on the objectives of the test. The driver setting used shall be reported.

The standard target file shall be used with no density or colour adjustment in the preparation of the
test samples.

1) http: .imaging.org/site/IST/IST ndards/Im Permanen

4 © IS0 2019 - All rights reserved
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6.4 Printing conditions

The test samples shall be printed according to the manufacturer’s recommended procedures for each
printing system. The temperature and the relative humidity for printing shall be 23 °C + 2 °C and
50 % RH * 10 % RH.

6.5 Sample conditioning

The printed samples shall be conditioned for 24 h+2hat23°C+ 2°Cand 50 % RH + 10 % RH before the
humidity test, positioned with unrestricted airflow. This is not mandatory for traditional chromogenic
prints and electrophotographic prints. These prints shall be prepared within one month before the
startling time of the test.
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ugh other standards on imaging materials (e.g. ISO 18941) specify two weeks for.the
d, this test method specifies a shorter conditioning time. This is to bettermeplicate
ice, and take into account that most inkjet manufacturers recommend dxying print
hight before framing or placing in an album. Prolonged conditioning cafh-pften impro
ess in some systems due to the removal of not only water from the media; but also org4
b ink, both of which can contribute to the diffusion of the colourants.

ample holding environment shall be ozone free (<2 nl/l average concentration over any
zone sensitive samples, as determined according to ISO 18941. A material that is not
e shall have demonstrated no measurable D, ;, or printed\patch colour change at anj
sure levels and measurement condition temperature andhumidity, during the 12-mo
urement time periods.

Jumidity exposure

Equipment and calibration

t chamber which can control teniperature and relative humidity to within the sj
ribed below shall be used.

test chamber shall be calibrated for relative humidity control and measurement accur
led mirror hygrometer er.other type of measurement device as specified in ISO/TR 18
e calibration shall be.performed when there is any indication of sensor failure. On
hdant sensors is reecommended so that sensor integrity can be ascertained.

Test environment control

relative iumidity shall be maintained and controlled throughout testing with an
ationwithin +3 % RH of aim. The 24 h running average of the operational fluctuati

cond

|ition transition time of at most 1 h after operation at the test condition is initiated.

ronditioning
actual user
for 24 h or
ve humidity
nic solvents

24 h period)
sensitive to
bient ozone
nth test and

ecifications

acy by using
D31. A check
boing use of

operational
on, sampled

ist.every 15 min, shall be within #1 % RH of aim. The running average shall not include the test

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.

The air temperature shall be maintained and controlled throughout testing with an operational
fluctuation within 2,0 °C of aim. The 24 h running average of the operational fluctuation, sampled
at least every 15 min, shall be within #1,0 °C 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 2,0 °C of aim. 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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The air flow shall be sufficiently high to produce uniform temperature and relative humidity conditions
in the chamber.

NOTE To achieve relative humidities as low as 10 %, it can be necessary to either reduce the ambient relative
humidity around the test chamber to well below 50 %, or install a dry air tank to provide separate dry air to the
humidity test chamber.

The test chamber design must also eliminate the possibility of light exposure on the print surface.

Because of the potential sensitivity to air pollution for some imaging materials, the tests described in

this document shall be run in as near to pollutant-free conditions as possible. One way to comply with

the requirement for pollutant-free conditions is to use environmental chambers in a laboratory with an
average ozope concentration of <2 nl/1 over any 24 h test period.
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Recent worl
the effects o
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shall be con

L has shown that for those materials studied (and especially so for the porous inkjet m
nce thought to be light-fade reciprocity failure are actually dark interactions efrlatmosp
rith the prints, see Reference [20]. Separate testing for sensitivity to atmosphéric pollu
Hucted following the methods specified in ISO 18941.

7.3 Fixed low relative humidity condition

The print sg
be done bef
intervals, su
been shown
shall also bé
25°C and re

mples shall be held at 25 °C at 10 % RH for 12 months. Colorimetric measurements
pre and after the humidity exposures for 12 months. Additional measurements at sh
ch as three and six months, are also recommended. Althgugh low relative humidities
to primarily affect the colorimetry of the D, ;,, patches;the colour patches of the test t
measured. Studies have shown it takes considerabletime for the D ;, changes to ocg
lative humidities as low as 20 %, hence the requirément for very low relative humidit;

long test times, see References [19][21]. As an alternative to these test conditions, an Arrhenius tg

constant de
dew point o}
requiremen

8 Colori
The low hun

Measureme
in a control
constraint.
densities.

The control
conditions:
measureme

W point and elevated temperatures can beceonsidered, see References [19][21]. Con
13 °C at arange of temperatures up to 50<C'is recommended. See ISO 18936 for detail
[s on Arrhenius testing.

metric measurement

nidity test target patches shall be measured as follows.

shall
brter
have
hrget
ur at
y and
est at
stant
5 and

hts and sample holding for measurement and next test phase preparation shall be condicted

ed environment with-nho time constraint or in a less controlled environment with a
[he measurement. environment and sample holding environment can influence meag

led sample\hiolding environment with no time constraint shall meet the following §
samples'shall be kept in dark, 23 °C £ 2 °C, 50 % RH + 10 % RH conditions while waitin
ht andwhile holding between test stages.

The sample

time
ured

et of
g for

helding environment shall be ozone free (<2 nl/l average concentration over any

24 h

period) for ozone sensitive samples, as determined according to ISO 18941. A material that is not

sensitive to

ozone shall have demonstrated no measurable D,

or printed patch colour change at

ambient ozone exposure levels and measurement condition temperature and humidity, during the
sample measurement time periods.

The controlled measurement environment with no measurement process time constraint shall meet
the following set of conditions: ambient illuminance on the sample surface no greater than 200 Ix,
temperature 23 °C £ 2 °C and relative humidity 50 % RH = 10 % RH, and ozone free (<2 nl/] average
concentration over any 24 h period) for ozone sensitive samples.

When sample holding and/or measurement are conducted in the less controlled environment, samples
shall be held or measured in the less controlled environment for a maximum of 2 h for each test stage.
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The less controlled environment may be unfiltered for ozone and shall have a maximum of 75 % RH and
30 °C, with ambient illuminance on the sample surface less than or equal to 1 000 Ix.

NOTE1  Straylightdecreasestheaccuracy of measurements taken inless controlled lighting environments, see
References [22][23]. 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 relative 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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folour difference shall be measured using ISO 13655 measurement condition M2 (UVye
elative spectral power distribution of the flux incident on the specimen surface.

2 Measurement condition M1 (UV included) can also be used. Use of both measubement cq
de reliable data for analysing potential losses of optical brightening agents.

e backing is recommended in accordance with ISO 13655. Report the backing use
haterial opacity, according to ISO 2471, such that backing has no influence on the m
urement conditions shall be consistent throughout the test process. Conforming to
lated tristimulus values and corresponding CIELAB values shallbe computed using CI
nd the CIE 1931 standard colorimetric observer (often referted to as the 2° standard

3 With completely opaque materials such as the aluminium substrate used in outdoo

backing has no relevance.
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gle measurement instrument shall be used for-all of the measurements taken per

particular test. For example, initial patch values of a‘test target print and subsequent deg
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s of that particular test target print shall beemeasured using the same measurement
cate prints may be measured on separateseasurement instruments as long as each is
ured on the same instrument as its ifitial readings. According to best practice, in|
pment failure, the test should be inalidated. A replacement instrument with a ki
'mined for the test measurement-conditions and materials such as those currently ung

the known offset.

Data analysis

ow humidity testtarget patches shall be measured as described in Clause 8, before 4
dity exposure:

* values~of each patch measured after the humidity exposure test are compare
ured after the sample conditioning step before humidity exposure.

| is calculated using the following Formula (1):

xcluded) for

nditions will

d or report
basurement.
ISO 13655,
E illuminant
bserver).

r testing the

taining to a
raded patch
instrument.
consistently
the case of
1own offset,
er test, may

ed when the original instrumentis not available. In this case all measurements shall e corrected

nd after the

d to values

AE* o =L —Ly)? +(a; —ag)?+(b; —bg)?

(D

where L* a* and b* are the colour coordinates at the initial time 0 and at time t, as defined by
ISO/CIE 11664-4 (2],

In this test method, the initial values thus refer to measurements made on each colour patch just after
sample conditioning, and values at time t are the data for the corresponding patches re-measured after
humidity incubation at time ¢.

AE*,, of the eight colour patches shall be calculated according to Formula (1).
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10 Test report

10.1 General

Reporting based singly on this test method shall be restricted to reporting the specific humidity
fastness test result, and shall include reporting of the relative humidity (% RH) and temperature test
conditions, and the test time duration.

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.

10.2 Samgp

For digital qutput samples, the following details shall be reported:

the prir
name of
controlf
the colo

the pap
such th{

For silver-h{

10.3 Test ¢

The followiy

a) tempery

the test
b) type of
10.4 Resu

10.4.1 Genleral

The AE*, o

NOTE
used as a me
differences i

The colour\difference AE, which is measured on the eight colour patches after humidity expost

les information

ter model, printer driver version, printer driver settings, printer front panel setting:
the host application used in generating the print, the cartridge configuration, and the c
selected in that application;

urant (ink, toner, donor, ribbon, etc.);

er used (manufacturer’s name and model number), and-any other necessary inform4
it the print file can be reproduced by another user of this‘document.

lide based samples, the processing conditions (i.e. cheémicals, procedures) shall be repqg
ronditions

g test conditions shall be reported:

iture, relative humidity, duration andair flow (if it is known) for humidity exposure off
and reference samples;

Colorimeter or spectrophotometer, light source and measuring parameter.

ts

f the eight colour patches shall be reported.

hsure'of-colour change. The standard interpretation of AE values in terms of just noticeable g
thus not applicable. According to a psychophysical study, see Reference [14], the change ¥

, the
blour

tion,

rted.

both

re, is

olour
vhich

affects the v

lue-of the actual photo corresponds to the average AE of 7. However, this document does not re

er to

any criteria, because these criteria vary depending on the scenes captured or the usage of the photo prints.

10.4.2 Testresults

The values of AE*,; of a 12-month test duration shall be reported. It is recommended that measurements
and reporting of 3- and 6-month data also take place.

Any visual observations of print quality degradation, such as sharpness, and/or physical deformations,
such as curl, cockle, cracking, or delamination that occurred during the test shall also be reported.
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