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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

In image permanence testing, there are four environmental variables known to affect the stability of a
photographic image: heat, light, moisture and air pollution, such as ozone[131[14][15][16][17][18][19][20][21]
[22][23][24][25][26], Although natural ageing under “real-world” environmental levels of these variables is
considered the only certain test for image permanence, the high stability of most modern photographic
products makes testing under ambient conditions too lengthy a process to be of practical use. Thus, a
widely used alternative to natural ageing is accelerated ageing, whereby a sample specimen is exposed
to each environmental variable individually and at levels considerably greater than ambient, forcing
degradation of the image by that single factor in a far shorter length of time.
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uct lengevity predictions are to be made, this ozone concentration needs to be detg
I exceeded during testing.

ute product
d regarding

eciprocal behaviour of the test product under the experimental accelerated ozone conditions. See

hte at which
he nature of
nd colorant
ariables can
ted data.

products in
b first needs
1olecule and
the surface
bss, a simple
tion rate as

sion, adsorption and, in some cases, desorption may be the dominant factor controllinfg the rate of

eaction and

rocal behaviour. Under the-assumed ambient conditions, a photographic image would iindoubtedly

bcules in the
the absence
nal increase
1ld be equal
hse in ozone
ionship that

quired for converting accelerated data into predictions of ambient performance. For this reason, if
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This document has been primarily developed via testing with inkjet images on porous "instant-dry”
photographic media, which have been shown to be susceptible to fading by oxidative gases present in
polluted ambient air[13][14][19][20][21], While many chemical species may be present in polluted air, it has
been shown that most of the fade observed for current inkjet systems can be explained by oxidation
by ozonel21l27][28] Additionally, this method may reasonably be used for colour photographic images
made with other digital and traditional “continuous-tone” photographic materials such as chromogenic
silver halide, silver dye-bleach, dye transferl26], dye-diffusion-transfer “instant” and other similar
systems. However, since these systems have, in general, been shown to be much less sensitive to
oxidative degradation by ozone, relatively small levels of image degradation with this accelerated test
method may not be realized within the typical duration of such a test for these imaging systems.

High levels of ozone, often found outside major metropolitan areas in summer months, together with
high levels of humidity, will greatly accelerate the fade. Since ozone is a highly reactive gas, storage of
photographs in any kind of gas-impermeable enclosure, such as framed behind glass or in an album,
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will greatly reduce image degradation due to ozone. This method therefore relates primarily to the
display of unprotected photographs.
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Imaging materials — Colour reflection prints — Test
method for ozone gas fading stability

1 Scope

This document describes the equipment, methods and procedures for generating a known ozone
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est method described in this document uses increased levels of ozone to achieve an
fthe principal “gas fading” mechanism for a system is not ozone, this method might noj
ight give misleading results as to resistance of the test image to polluted-air.

Normative references

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 — Detisity measurements — Part 4: Geometric c|
Ction density

431-3, Rubber, vulcanized or thermopldastic — Resistance to ozone cracking — Part 3: R
native methods for determining the.ozone concentration in laboratory test chambers

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

8913, Imaging materials +— Permanence — Vocabulary

18944, Imaging mdterials — Reflection colour photographic prints — Test print cons
urement

[erms and definitions

he purposes of this document, the terms and definitions given in ISO 18913 and the foll
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ndAEC maintain rprminnlngiral databases for use in standardization at the fn]lnwing 4

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

SO Online browsing platform: available at http://www.iso.or

air/gas
mixture of atmospheric air and ozone inside the test chamber

3.2

volume turnover
complete replacement of the air/gas (3.1) volume within the test chamber

© ISO

2017 - All rights reserved


http://www.electropedia.org/
http://www.iso.org/obp
https://standardsiso.com/api/?name=1b817982195c566d1e4d7051e60a333d

ISO 18941:2017(E)

3.3
volumetric turnover rate
rate at which volume turnover (3.2) occurs

34

agitation

degree to which air/gas (3.1) is circulated within the chamber resulting in a mixing of the air/gas at the
surface of the test sample to overcome concentration gradients

Note 1 to entry: Agitation can be directly related to flow rate but inversely related to volume turnover (3.2).
For a given incoming gas-flow velocity, the actual flow across the samples, and therefore the agitation, can be

affected by c

ambervolume with forexample larger chambervolumesresulting in lower flow overthe sa
T T T T O (=]

nples.

Agitation of
test samples.

3.5

air velocity
rate of flow
volume, or v

Note 1 to ent

3.6
effective cd
concentrati

Note 1 to entr

3.7
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ir/gas is important to ensure mixing so that any reaction by-products are carried away frio

at sample
bf air/gas (3.1) across the sample plane, as opposed to the flow of air/gas,within the cha
Uithin the entering or exiting ports

Fy: Expressed in reciprocal milliseconds (m-s-1).
ncentration
n of ozone as experienced by the test object

y: Concentration that results in a specific change in a specific sample after exposure for a specifid

system

system in which the air/gas (3.1) volume is recirculated within the test chamber, with ozone add

needed to ni

3.8

open-loop {
system whe
recirculatio

39

ideal mixing

sufficient ag
localized co

3.10
operationa
set point forj

aintain the desired aim concentration

ystem

1

jitation (3.4) that-results in uniform concentration throughout the chamber, such th
hcentration gradients exist across the test samples

| control point
equilibrium conditions measured at one or more sensor locations in an exposure devi

[SOURCE: A

BTM G113]

re the air/gas (3.1) volume centinually enters, flows through and exits the system wif

m the

mber

time.

bd as

h no

at no

3.11

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

[SOURCE: ASTM G113]

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=1b817982195c566d1e4d7051e60a333d

ISO 18941:2017(E)

3.12

operational uniformity

range around the operational control point (3.10) for measured parameters within the intended
exposure area, within the limits of intended operational range

[SOURCE: ASTM G113]

3.13

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 [l to entry: The parameter might be, for example, a standard deviation (or a given multiple 6f it), or the half-
width of an interval having a stated confidence level.

Note P to entry: Uncertainty of measurement comprises, in general, many components. Sorhe of thes¢ components
can ble evaluated from statistical distribution of the results of series of measurements-and can be ¢haracterized
by ejperimental standard deviations. The other components, which can also bet‘¢haracterized|by standard
devigdtions, are evaluated from assumed probability distributions based on experience or other infgrmation.

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

[SOURCE: ISO/IEC Guide 98-3:2008, 2.2.3]

4 Requirements

Thisdocument specifies a set of recommended testiiethods with associated requirements f¢r permitted
repofting. Data from these tests shall not be used to make life expectancy claims, such aq time-based
pring lifetime claims, either comparative or absolute. Conversion of data obtained from th¢se methods
for the purpose of making public statements regarding product life shall be in accordarce with the
applicable documents for specificationef print life.

stability of image materials with-respect to one specific failure mode. Data from the testl methods of
this locument can be used in‘stand-alone reporting of the absolute or comparative stability of image
matdrials with respect to.the specific failure mode described in this document, when [reported in
accordance with the reporting requirements of this document. Caution shall be used when comparing
test results for different materials. Comparisons shall be limited to test cases using equlpment with
matdhing specifications and matching test conditions.

The ftest methods in this document can be useful as stand-alone test methods for coglparing the

5 Targetselection

For general testing purposes, users of this document are free to choose whatever taiget patches
and sfarting densities they feel are appropriate for their testing needs. An example of slich a target
is included in ISO 18944, along with requirements and recommendations for sample preparation.
Applicable International Standards for specification of print life may require the use of specific targets.
Other recommendations for sample preparation are contained in ISO 18909. Image prints may also be
used. When specific starting densities are desired or required, there may often times 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 can be used to predict the values for the exact desired starting
density. See Annex A for details on interpolation between two neighbouring density patches.

© IS0 2017 - All rights reserved 3
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6 Measurements

6.1 Use of replicates and reference samples

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.

It is recommended that reference samples be included in every exposure test to track consistency of the
test procedures as well as unintended changes in test conditions (see Reference [12]).

6.2 Holdi

ngand measurement conditions
a2 S

Measureme
in a control
constraint.
densities.

NOTE1 “S
phases, such

The controlled sample holding environment with no time constraint skiall meet the followin

of condition

Tt I C OO T eI C ITC- CUITOI Tt U I

ed environment with no time constraint, or in a less controlled environment‘with a
[he measurement environment and sample holding environment can influenee meag

hs before and after measurement, while the samples are not in the active’test environment.

s: samples shall be kept in the dark at (23 + 2) °C and (50°¢ 10) % RH while waitin

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

time
ured

ample holding environment” refers to the environment in which samplessare held between test

b set
g for

measurement and while holding between test stages.

The sample|holding environment shall be ozone-free (<2 nl/1 average ozone concentration over any
24 h period] for ozone-sensitive samples.

NOTE2 1nl/l =1 ppb (1 x 10 — 9). Although the notation\“ppb” (parts per billion) is widely used in the
measuremenf and reporting of trace amounts of pollutantsgin' the atmosphere, it is not used in International
Standards bejcause it is language-dependent.

Ozone sensi
sensitive to
patch colouj
over time pé

The contro
meet the fol
temperatury
any 24 h pef

If either san

be held or mpeasured-in(the less controlled environment for a maximum of 2 h for each test stage|

less control
maximum t¢

Livity is determined in accordance with this document and ISO 18944. A material that i
pzone shall have demonstrated no.méasurable change in minimum density, dpin, oOr pr
, at ambient ozone exposure levels and measurement condition temperature and hum
riods consistent with measurement and test-staging time periods.

led measurement envirenment with no measurement-process time constraint

lowing set of conditiens” ambient illuminance on the sample surface not less than 2
e of (23 £ 2) °C, (5@+-10) % RH and ozone-free (<2 nl/l average ozone concentration
iod) for ozone-sénsitive samples.

\ple holding‘er-measurement is conducted in a less controlled environment, samples

ed environment may be unfiltered for ozone and shall have a maximum RH of 75 % {
emperdature of 30 °C, with ambient illuminance on the sample surface up to 1 000 Ix.

s not
nted

fidity,

shall
0 Ix,
over

shall
The
ind a

NOTE3 St
Shielding the
not less than

measurement instrument from direct lighting so that the ac
200 Ix can improve measurement accuracy and repeatability.

ents.

tual measurement surface lighting is

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.

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

The CIE colour coordinates of the dpin patch (unprinted paper) shall be measured in accordance with
ISO 13655 measurement condition MO for the relative spectral power distribution of the flux incident
on the specimen surface. White backing is recommended in accordance with ISO 13655. Report the

4 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=1b817982195c566d1e4d7051e60a333d

ISO 18941:2017(E)

backing used or the material opacity according to ISO 2471, stating that the backing has no influence
on the measurement. Measurement conditions shall be consistent throughout the test process. In
accordance with ISO 13655, calculated tristimulus values and corresponding CIELAB values shall be
computed using CIE illuminant D50 and the CIE 1931 standard colorimetric observer (often referred to

asth

NOTE 4

backi

e 2° standard observer).

ng has no relevance.

With completely opaque materials, such as the aluminium substrate used in outdoor testing, the

Optical densities shall be measured according to ISO 5-3, with the relative spectral power distribution
of the flux incident on the specimen surface conforming to CIE illuminant A, ISO 13655 measurement
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defin
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NOTH
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6.3

6.3.1
The {

6.3.2

The
treat

Hion MO and chnactral neradnc
o roaha-Spectarproate

rial under test.

tec conforminag to Statiic A or CHatie T dongcity Ac A
5 tootaTH o O otorcoro— Tt Ty, oot T

ToO—COTITOT I CSITOT PP

e backing is recommended in accordance with ISO 5-4. ISO 5 standard reflectior
ed in ISO 5-4 shall be used, allowing either annular influx mode or annularefflux
e or black backing is allowed. Report the backing used. Measurement conditions shall b
1ghout the test process.

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

gle measurement instrument shall be used for all of the‘measurements taken per
cular test. For example, initial patch values of a test tagget/print and subsequent deg
bs of that particular test target print shall be measured using the same measurement
cate prints may be measured on separate measurenient instruments as long as each is
ured on the same instrument used for its initial readings. According to best practice

'mined for the test measurement conditions dnd materials such as those being measy
when the original instrument is not available. In this case, all measurements shall &
the known offset.

6 It is useful to retain freezer check print samples of the measurement materials so thg

rred to measurements using BCRA tiles. See ISO 18920 for print storage methods.
Measured attributes

Definition of density terms

ymbol for measured density is d.

Density attributes to be measured

density as
node. Either
e consistent

l status A or

taining to a
raded patch
instrument.
consistently

in the case

uipment failure, the test should be invalidatediA replacement instrument with a known offset,

red, may be
e corrected

t instrument

s can be measured if needed. Offset measurements from materials matched to those umder test are

following Status A or Status T densities of the specimens shall be measured before
ment interval.

a|nd after the

a)

dN(R)¢, dN(G)t, dN(B):

The red, green and blue Status A or Status T densities of neutral patches that have been treated for
time, t, where t takes on values from 0 to the end of the test.

b)

dC(R)¢, dM(G)t, dY(B):

© IS0 2017 - All rights reserved

The red, green and blue Status A or Status T densities of cyan, magenta and yellow colour patches
that have been treated for time, ¢, where t takes on values from 0 to the end of the test.

dR(G)s, dR(B);, dG(R);, dG(B);, dB(R),, dB(G)s,

The red, green and blue Status A or Status T densities of the composite secondary R, G, B colour
patches that have been treated for time, ¢, where t takes on values from 0 to the end of the test.
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6.3.3 Definitions of colorimetry terms

L* is CIELAB lightness, a* and b* are the CIELAB a* and b* coordinates, respectively, as defined in
ISO 11664-4.

6.3.4 Colorimetry values to be measured

The following colorimetry values of the specimens, prepared as described in Clause 5, shall be measured
before and after the treatment interval: L*;, a*¢, b*;, which are the lightness, red-green and blue-yellow
colour coordinates, respectively, for the unprinted areas of specimens (paper white) that have been
treated for time, t, where t takes on values from 0 to the end of the test.

7 Calculations and computations

7.1 Computation of densitometric attributes

Calculationg for 7.2 to 7.8 shall be performed for selected patches with a range of-initial densities.

7.2 Densjty change in dpi, patches

a) Red derfsity change: Admin(R)¢ = dmin(R)¢ — dmin(R)o
b) Green density change: Admin(G)¢ = dmin(G)¢ - dmin(G)o
c) Blue density change: Admin(B)¢ = dmin(B)¢ = dmin(B)o

7.3 Percentage density change in primary colour‘patches
a) Cyan patch: %AdC(R)¢ = {[dC(R)¢ — dC(R)o] + dC(R)o} x 100

b) Magenta patch: %AdM(G)¢ = {[dM(G)¢ — dM(G)o] + dM(G)o} x 100
&) Yellow patch: %AdY(B), = {[dY(B): - dY(B)o] = dY(B)o} x 100

7.4 Percentage density change in secondary (mixed) colour patches
a) Magentj in red patch: %AdR{G): = {[dR(G)¢ - dR(G)o] + dR(G)o} x 100

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

c) Cyaninfgreen patch=%AdG(R); = {[dG(R)¢ - dG(R)o] + dG(R)o} x 100

d) Yellow in greefpatch: %AdG(B): = {[dG(B)¢ - dG(B)o] + dG(B)o} x 100

e) Cyan in[blue patch: %AdB(R): = {[dB(R): - dB(R)o] + dB(R)o} x 100

f) Magenta in blue patch: %AdB(G)¢ = {[dB(G)¢ - dB(G)o] + dB(G)o} x 100

7.5 Percentage density change in composite neutral patch

a) Cyan in neutral patch: %AdN(R)¢ = {[dN(R)¢ - dN(R)o] + dN(R)o} x100

b) Magenta in neutral patch: %AdN(G)¢ = {[dN(G)¢ — dN(G)o] + dN(G)o} x 100
c) Yellow in neutral patch: %AdN(B); = {[dN(B); - dN(B)o] + dN(B)o} x 100

6 © IS0 2017 - All rights reserved
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7.6 Colour balance shift in composite neutral patch

Contrast and colour balance distortions brought about by differential fading of the three image
colorants can result in significant visually degrading effects. These can be measured as shifts in colour
balance from highlights to shadows and are especially noticeable in a scale of neutrals. For example, a
shift from magenta to green due to fading of the photograph’s magenta image colorant, or from yellow
to blue or cyan to red due to fading of the yellow or cyan colorant.

Neutral colour balance shift is calculated as the difference in percentage change between any two
primary colours of a neutral patch. The percentage change of individual primary colours in a neutral
patch is defined in 7.5.

a) (yan-magenta shift: %AdN(R-G)¢ = |%AdN(R)¢ = %AdN(G)¢|
b) Magenta-yellow shift: %AdN(G-B)¢ = |%AdN(G): — %AdN(B)¢]|
c) Yellow-cyan shift: %AdN(B-R)¢ = |%AdN(B)¢ — %AdN(R)¢]

7.7 | Colour balance shift in secondary (mixed) colour patches

Secopdary colour balance shift is calculated as the difference in pekcentage change between the two
primary colours of each secondary colour patch. The percentage“change of the individpal primary
coloyrs in each secondary colour patch is defined in 7.4.

a) (yan-magenta shift in blue patch: %AdB(R-G)¢ = |%AdB(R): - %AdB(G)¢|
b) Magenta-yellow shiftin red patch: %AdR(G-B): = |%AdR(G)¢ — %0 AdR(B)¢]|
c) Yellow-cyan shift in green patch: %AdG(B-R)=Y%AdG(B): - %AdG(R)¢|

7.8 | Colour balance in dy,j, patches bycolorimetry

Colotfir balance in the dp,j, patches is cal¢ulated using Formula (1):

AE, = \/(L’,‘ — L)’ +(a —ay)f+(b, —b,) 1)

whete L* a*, and b* are the ‘eolour coordinates of the dnin patch at the initial time 0 and [at time ¢, as
defirled by ISO 11664-4,

7.9 | Effects of colorant fading and stain formation on colour photographs

Any ¢hange inrdensity, contrast or stain, whether due to colorant fading, changes in colorant morphology,
or digcolouration of residual substances, will change the appearance of the photograph.

The most damaging change tends to be contrast balance distortions brought about by| differential

fadl anfthathraon imagn ~alarantc
£-6+ e-tnreeHage-€or6rats:

The second most consequential change is that caused by an increase in stain. The result may simply be
a discolouration of the dp,jy areas or a change in the dpj, colour balance.

8 Test methods — Gas fading (ozone)

8.1 General

For the purpose of predicting fade rates, it is assumed that increasing ozone concentration should
proportionally increase the rate of fading. This has been generally shown to be the case, but exceptions
are knownl13][15][16][17][23] (see also Annex B).
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8.2 Apparatus

WARNING — Attention is drawn to the highly toxic nature of ozone. Efforts should be made to
minimize the exposure of workers at all times. In the absence of more stringent or contrary
national safety regulations in member body countries, it is recommended that 0,1 pl of ozone
per litre of air of the surrounding atmosphere by volume be regarded as an absolute maximum
concentration to which a worker shall be exposed, while the maximum average concentration

should be a

NOTE

ppreciably lower.

An exhaust vent to remove ozone-laden air is advised.

8.2.1 Ozo

8.2.1.1 G¢g

Two general
test samples
ozonized ail
8.2.5).Itisd
0zone conce

8.2.1.2 Dg

This design
can be sim
converted t

relative humidity (RH), volume turnover and agitation. Preliminary tests should be run to ensure

this regime
recommend

NOTE Af
incoming gas
chamber voly
it is importa|
equilibration|

The chambd
aluminium
be such that

The chambé
to examine
not to confo
shall preven

[nt to meet the requirements of 8.2.5 with respect to effective mixing within the chambe

he test device

neral

types of ozone test device can be used, each having unique systems to deliver ozone 4
. Both designs may be combined with either open- or closed-loop circuits for feeding
. Additionally, there are inherent differences in the ozone control strategies for each
ritical that any chamber design result in turbulent, not laminar, flo¥sto maintain consi

sign 1 (chamber circulation design)

consists of an enclosed chamber at atmospheric pressure into which multiple test san
hltaneously placed and ozonized air (i.e. air whoSe“oxygen content has been par
b a specific ozone concentration) can be delivered-at a given concentration, temperd

is not in the concentration-sensitive regionyof the materials being tested (see 8.2.5)
ed that the laboratory run reference samples periodically to maintain this condition.

vitation can be directly related to flow~tate but inversely related to volume turnover. For a
flow velocity, the actual flow acrossthe samples, and therefore the agitation, can be affect
me, with, for example, larger chamber volumes resulting in lower flow over the samples. Ther

into the media.

r ozone-resistant polycarbonate) that does not readily decompose ozone. Dimensions
the requirements of’'Clause 9 can be met.

r may be providéd with a window through which the test specimen can be observed. A
the test specimen may be installed. Light entering the test chamber shall be limited
ind results. If an ultraviolet (UV) source is used for ozone generation, the equipment d
t anytUV radiation from entering the test chamber.

Figure 1 and Figure 2 provide illustrative examples of loop-system chamber designs, in which the]

ntrations at the sample surface (see 8.2.5 for additional information on turbulent flow).

o the
with

(see
stent

hples
tially
ture,
that
It is

given
ed by
fore,
r and

r shall be lined with, o0r’constructed from, a material (such as stainless steel, anodized

shall

light
50 as
Psign

loop

is either closed or open. In the case of a closed-loop system (see Figure 1), ozonized air for feeding the
chamber is only partially replenished, whereas in an open-loop system (see Figure 2), ozonized air is
continuously prepared fresh from purified laboratory air. In any case, replacement of air is necessary to
remove reaction products. For Figure 1, make-up air would be added just ahead of the ozonizer.
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3
7
5 8
A
4 b
Key
1 lower 9  cooling unit
2 ow meter 10 preconditioning chamber
3 urifying column for NO; 11 heating unit
4  ¢zonizer 12 temperature/humidity controller
5 Yaporizer 13 purifying column
6  test chamber (velocity of ozone gas 14 ozone concentration measurement devjce
,3m/s<v<0,6m/s) 15 exhaust dehumidifier
7 fpn

8  heat exchanger

Figure 1 — Example of a closed-loop system
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and
1ined
h the

Key
1 activated carbon filter 11 temperature sensor
2 dust filtdr 12 humidity sensor
3 blower 13 plate with holes
4 airdryey 14 circulation blower,
5 ozone ggnerator 15 extra blower
6  flow meter 16 valve and*e€xhaust hood
7  valve 17 ozoneanalyser
8 valve 18 pressure meter
9  temperafure control 19 ~flow meter
10 humidity control 20 pump
a  Fresh aif
b Circulatipg air.
¢ Exhaust.
Figure 2 — Example of an open-loop system
8.2.1.3 Dg¢gsign 2 (localiinjection or direct-impingement design)
This design|consists\of a delivery system that supplies aim-concentration ozonized air directly
uniformly, tp thesentire surface of each individual test sample. Conceptually, each sample is cont3
within its own’test chamber and isolated from the effects of ozone quenching by other samples i
test device.

The chamber shall be lined with, or constructed from, a material (such as stainless steel, anodized
aluminium, or ozone-resistant polycarbonate) that does not readily decompose ozone. Dimensions shall
be such that the requirements of Clause 9 can be met.

Figure 3 describes a typical direct-impingement design.

10
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1 A
T | |
6 [
2 =l
« s
v S
v I NT - > < >
ol >
2 3 4
7 3 9 10
Key
1 make-up air 9  steamhumidifier
2 bas dryer 10 variable speed recirculation fan
3 PRV 11 _.ezone measurement
4 fotameter 12\* temperature/RH measurement
5 JV light source Y3 ozone chamber
6 Control valve 14 exhaust
7  ¢ooling coil 15 plenums to impinge ozone-enriched air direcfly on targets
8  heating element
Figure 3 — Example of a direct-impingement system
8.2.2 Source of©zonized air
Any methodology that can generate ozone with sufficient quantity, purity and flow rate may be used as
an oZone spurce. Examples of such apparatus include:
a) n #ltraviolet lamp;

b) acorona discharge unit.

It is known that corona discharge units can generate other pollutants (such as oxides of nitrogen) when
air, rather than purified oxygen, is used as the ozone source, and that this feature can change as the unit
ages. In addition, if the air is not dried before ozonation, significant quantities of acids from oxides of
nitrogen can be produced. In any case, total oxides of nitrogen in the chamber shall not exceed 2 nl/1
when testing at 1 pl/l or 0,2 % of ozone concentration when testing at ozone concentrations greater
than 1 pl/l

NOTE 1 ul/I =1 ppm (1 x 10 - 6). Although the notation “ppm” (parts per million) is widely used in the

measurement and reporting of trace amounts of pollutants in the atmosphere, it is not used in International
Standards because it is language-dependent.
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For corona discharge systems that are designed to eliminate or exclude oxides of nitrogen or their
precursors (for example, ones that start with pure oxygen instead of air), the measuring and reporting
of oxides of nitrogen is not necessary. It should be understood that, for some systems, very small levels
of oxides of nitrogen can cause rapid image degradation and would confound the measurement of
change attributable to ozone. In any case, the reporting shall reference the manufacturer’s specification
for ozone purity.

Air used for generation of ozone shall first be purified, for example, by passing it over activated
charcoal. It shall be free from any contaminants likely to affect the ozone concentration, sample fading,
or estimation of ozone concentration.

1l be
ified

The ozonized-airs be-tedfrof geferator-into-theair-dehvery-systenr—Aheate
provided tojadjust the gas temperature to that required by the test and shall be brough
relative humidity level by the introduction of moisture into the gas flow.

t to the spec

8.2.3 Means for adjusting, controlling and maintaining ozone concentration

8.2.3.1 Gdneral

of the concentration of ozone may be, but does not have to be, automatic. The voltage/firive
lamp or corona discharge unit can be varied to control the production of ozone. Alternatjvely,
be used to mask part of the lamp. The adjustment shall be-stich that the concentration and
iven in 9.4 can be maintained.

Adjustment
signalto the
a shield can
tolerances g
Each test dg bd in
8.2.3.2 and

bvice design described in 8.2.1 has unique controléconsiderations, which are outlin
8.2.3.3.

8.2.3.2 Degsign1

In a multi-s3
of ozone as
ozone, the
lower than {
chamber col
yield errone

mple chamber, it is common for a group of samples to begin quenching significant quan
they are placed into the chamber. As edch individual sample reacts with the surrour
pffective concentration to which<all other samples are exposed would consequent
he entering ozone concentration.If the entering concentration is on aim, then the effe
ncentration would be lower than aim. This is not an acceptable testing condition and w
ous results.

fities
1ding
y be
ctive
rould

In this cha
chamber oz
desired ai

ber design, the effective test ozone concentration is best represented by the ex
ne concentration.dtis important to note that if the exiting ozone concentration is g
and if significant quenching is occurring, then the entering ozone concentration w
be greater than aim. In this)situation, testing accuracy is highly dependent upon ideal (or near-i
mixing, to ensure that.aconcentration gradient does not exist across the chamber. Any concentr
gradient wquld result\in some samples receiving a greater exposure than others, depending on
proximity tp the_inceming air supply. Additionally, the greater the difference between entering
exiting ozome eoncentrations, the greater the potential of a gradient existing, and the greater the
amount of mi%ing that would be required to diminish the effect. A test piece carrier, like that described
in 8.2.6, can greatly aid In equalizing the effects of a concentration gradient present within a chamber.
Concentration gradients can also be minimized by layout and choice of sample positions such that no
shielding of agitated air flow occurs.

iting
t the
rould
deal)
htion
their

and

Another solution would be to have a sufficient bulk quantity of ozone in the chamber so that ozone
quenching by the sample specimens is virtually undetectable relative to the total bulk ozone quantity.
This can be achieved by removing samples from the chamber until quenching cannot be detected
from measurement noise, or by increasing the total bulk volume of aim-concentration air flow into
the chamber. It should be noted that, with fixed piping dimensions in the air/ozone delivery system,
an increase in the total bulk air volume will increase the velocity of flow across the samples. If the
test chamber is not already operating at a level that is insensitive to changes in flow, then this control
method will yield inconsistent results.
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Therefore, in a multi-sample chamber design, the exiting chamber ozone concentration shall be equal
to the desired aim ozone concentration, with an operational fluctuation within +4 % of aim, for the
duration of testing, and mixing shall be sufficient to demonstrate that an ozone concentration gradient
does not exist across the chamber. If rapidly fading reference samples (see 8.3) placed at different points
within the chamber fade at the same rate, then a concentration gradient is unlikely to exist across the
chamber and sufficient mixing has been demonstrated.

With the assumption of ideal or near-ideal mixing, the exiting chamber ozone concentration represents
the concentration within the chamber. Therefore, the exit concentration shall be monitored if only one
concentration is measured for the duration of the test.

I dats £ L. H £l ot 1 £ R L H L, - o H 43 fth t t
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specimen, the ozone concentration shall return to the test concentration within 10 % of thé total test time.

Proviision to purge the chamber of ozone before allowing access should be incorporated and a suitable
interfface fitted to prevent ozone generation while the chamber door is open.

8.2.3.3 Design 2

In thfis design, the supply of ozonized air to each individual sample shall be equal to the [desired aim
ozong concentration, with an operational fluctuation within 4 % of-aim for the duration of testing.

In addition, after each occasion that the test device is opened for insertion or inspection of the test
specimen, the ozone concentration shall return to the test concentration within 10 % of the total test time.

Proviision to purge the device of ozone before allowing ‘access should be incorporated and a suitable
interfface fitted to prevent ozone generation while the . chamber door is open.

8.2.4 Means of determining the ozone concentration

A me¢ans of sampling the ozonized air fromUthe desired location in the air circulation gnd delivery
systdm and a means of estimating its ozgne content shall be provided.

Two puitable apparatuses are
a) ¢lectrochemical, and
b) UV absorption.

The method used for calibrating each apparatus shall be as specified in [SO 1431-3.

8.2.§ Means of.controlling gas flow

For inkjet prints, in particular those on porous media, it is known that the flow rate over the¢ sample can
have|a sighificant impact on the results, especially for fast-fading systems[6l. It is imporfant that the
velodity of gas in the chamber be high enough to provide fast and effective mixing in the ghamber and
equi ibration into the mpdi:\’ aswell asto prnvnnf ozone starvation ofthe camp]nc Additio al]y’ a major

goal of this document is to maximize interlaboratory reproducibility of ozone testing.

Therefore, the velocity of gas inside the chamber in the vicinity of the samples shall be such that the
rate of fade or dpj, yellowing is independent of the rate of flow, for the photographic products under

test (see Figure 4).
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AN

X
Key
X ozone doncentration, flow rate or agitation, in arbitrary units (AU)
Y rate of ¢hange (AU)
1 dependent portion
2 independent portion
Figure 4 — Conceptual relationship between ozone concentration, flow or agitation and rate of

It is recomn]
ozone reple}
at 90°, or to|
laminar floy

NOTE W
upon the sam

If gas veloc
experiment
the samples
the rate of c

fade or yellowing

ended that the velocity of gas inside‘the chamber be 0,3 ms-1 to 0,6 ms-1. To achieve pt
nishment at the sample surface, it-isthelpful to have an air flow that impinges on the san
provide at least a turbulent component in the agitating chamber air flow. In case of
iy over the specimen, local depletion of ozone might occur.

hen using a rotating test piece carrier, such as that described in 8.2.6, air flow will not be impi
ple at an angle of 90° at-all times, but this is an acceptable test configuration.

ty values or gegmétries outside this range are to be used, the user shall conduct

is insensitive to air flow velocity and impingement angle. This is necessary to confirn
hange indmage density due to ozone is independent of the rate of flow for the photogr

oper
hples
slow

nging

such

b as are necessary, at several different gas flow rates, to ensure that the rate of chanige in

that
hiphic

products under test{(see Figure 4).

8.2.6 Test piece carrier

Clamps or grips are often helpful for holding the test specimens. If used, the clamps or grips shall be
made of a material that does not readily decompose in ozone (for example, aluminium or stainless
steel). The sample mounting should ensure that the back face of the sample is held against aluminium or
stainless steel, or other such material, so that ozone attack from the reverse of the print is minimized.

The use of a mechanically rotating carrier mounted in the test chamber, and upon which the clamps
or grips are mounted, can be useful to equalize the effect of different ozone concentrations and gas
velocities within the chamber. In one example of a suitable carrier, the test specimens move at a speed
of between 20 mm/s and 25 mm/s in a plane normal to the gas flow. Each follows consecutively the
same path such that the same position within the chamber is visited by the same piece every 8 min to
12 min and the area swept by the test piece (shade shown in Figure 5) is at least 40 % of the available
cross-sectional area of the chamber.
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The ¢dlurdtion of each cycle of exposure should be set such that the test is within 10 % of its

90 %

chan
test f)r a number of cycles and to measure the change after each cycle of exposure, repeatin|

Figure 5 — Path of test piece and sweptiarea (shaded)

hever geometry or velocity is used, the user shall ensure that the results are indepe
le location in the chamber.

Test procedure

5t the rate of flow, temperature and relative humidity levels to that required and place
hred and conditioned samples into thé_chamber. Set the ozone concentration to th
tain the test parameters throughoutthe test period. When the test period is complete
Fation should be stopped and a purge cycle engaged. Although samples are preferably
lination as soon as the purge peried is completed, they may be left in the test chamber]
entrations are known to be léss than 2 nl/1.

nature of this test is Such that measurement of sample change is only possible
nding on the application, samples may be faded for a specific time period or to a design
e or endpoint. If tést samples are being faded to a specific endpoint, it may be necessa

ed or passedsthis chosen endpoint. An applicable specification standard can be used t|

er endpointCriteria, if necessary. The number of cycles required will depend on the 1
ycle duration should be set such that the sample reaches its endpoint in no less than th

6fthe test duration.

ndent of the

the suitably
at required.
d, the ozone
removed for
if the ozone

periodically.
hted density
'y to run the
p until it has
o determine
haterial, but
ree cycles.

set point for

It is recommended that each cycle of the exposure contain a reference sample, chosen such that it
loses between 20 % and 40 % density during the cycle. The reference sample should be of the same
technology as the test sample, for example, inkjet print on porous media.

A minimum of two duplicate test specimens shall be tested. It is recommended that they do not share
the same exposure cycles.

Unless constrained by the requirements of a lifetime specification standard, it is acceptable to test for a
shorter duration until a change is reliably detected, i.e. the test has progressed beyond the noise of the
system. Low-percentage colorant loss, change in colour balance or change in dnin can be used for stable
materials, so long as a signal can be distinguished from test system noise. A prediction shall only apply
for the endpoint used. Extrapolations cannot be made to other endpoints.
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9 Test environment conditions

9.1 Humidity control calibration

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 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.

9.2 Relat

The preferr
be used, sug
the relative
controlled t
average of t
within #2 9
1 h after op
test conditig
at a constan
operational
the requirer

9.3 Temy

The preferr
such tempe
maintained
The 24 hru
+1,0 °C of ai
after operat
conditions s
the test chai
running ave
and explain

9.4 O0zon

Unless othe

ive humidity

pd level of relative humidity shall be 50 % at the control temperature. Other levels
h as 30 % and 70 %, where such levels reflect actual product use conditions. In all ¢
humidity test conditions shall be reported. The relative humidity shall be“maintainec
hroughout testing with an operational fluctuation within 6 % of aim~xThe 24 h ruy
he operational fluctuation of the relative humidity, sampled at least.every 15 min, sh{
of aim. The running average shall not include the test condition tfahsition time of at

ns shall be evaluated prior to test start, and relative humidity shall be within +3 % of
t temperature. Regions of the test chamber shall be selected to comply with the reqy
uniformity conditions. If the running average of the operational fluctuation does not
hent, it shall be documented and explained.

erature

ed air temperature is 23 °C. Other temperatures, such as 15 °C or 40 °C, may be used W
ratures reflect product use conditions~and are reported. The air temperature shg
and controlled throughout testing with an operational fluctuation within +2,0 °C of]
ning average of the operational fluctuation, sampled at least every 15 min, shall be wj
m. The running average shall netiinclude the test condition transition time of at mos
ion at the test condition is initiated. Operational uniformity of the equipment at thg
hall be evaluated prior to/the'start of the test and shall be within +2,0 °C of aim. Regig
mber shall be selected tg comply with the required operational uniformity conditions.
rage of the operational fluctuation does not meet the requirement, it shall be docume
pd.

e concentration

rwise specified, the test shall be carried out at 1,0 ul/l, with an operational uniform

+0,1 pl/1 oz
concentrati
aim or the

;

bne. Qther optional concentrations, such as 0,5 pl/1 or 5,0 pl/1, may be useful for testi
ns“ether than 1,0 pl/1 are used, the operational uniformity tolerances shall be +10

may
ases,
| and
ning
1l be
most

eration at the test condition is initiated. Operational uniformity of the equipment at the

aim,
hired
meet

there
11 be
aim.
ithin
tlh
test
ns of
fthe
nted

ty of
ng. If
% of
shall

est achievable with the test equipment. If greater than +10 %, the actual tolerance

be reported. If optional concentrations are used, the tester should evaluate the materials for ozone
reciprocity behaviour before making any comparative conclusions. For testing at ozone concentrations
greater than 1,0 ul/l, reciprocity testing shall be conducted at an ozone concentration of 1,0 ul/1 or
lower (see Annex B).

NOTE Some studies have shown that ozone fade can be different under ambient conditions, with some
studies showing it to be worse than predicted based on higher concentration testingl21127],

If the tester has evaluated reciprocity behaviour, then the conditions closest to ambient shall be
understood as more valid. No product comparisons shall be made between tests conducted at different
ozone concentrations. For additional information on reciprocity and reciprocity testing, see Annex B.

Monitor ozone concentration as required in 8.2.3 and 8.2.4 according to the chamber design in use. The
maximum deviation shall be +4 % (operational fluctuation) at any point during the test, when sampled
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continuously. Cumulative time outside the tolerance range shall be less than 10 % of the test duration. If
average did not meet set point, the results shall document and explain this deviation.

Before running actual tests on materials, the user shall verify that no concentration gradients exist
within the chamber. This can be verified by using worst-case, high-quench-rate materials throughout
the chamber and verifying uniform response throughout.

The user shall also verify that air flow within the chamber is sufficient so that the rate of change in the
samples is independent of the rate of air flow. This can be done by performing preliminary testing with
the samples throughout the chamber at increasingly high air flow velocities until the rate of change
in the sample versus air flow is minimized. The same test set can also be used to control the overall

hom
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[est report

10.1f General reporting requirements

Repdg

rting based solely on this test method shall be restricted to reporting the specific g

stability test result and shall include reporting of the ozone concentration, the ozons
od, the percentage relative humidity, the temperature and test duration. This test method does not

metH
cont
indej

User
exan|
from|

10.2

The 1
in mi
togef

hin endpoint criteria, and therefore, the measurement results of this test method shall
pbendently to estimate or predict any aspect of print image;life.

5 are cautioned that results from this test method apply only to the specific systen]
Iple, in inkjet systems, a specific ink used with a specific paper may have very diffd
another. Test reporting shall include this disclainier.

Ozone test reporting

esults of these tests arereported as cumulative exposure, i.e. the product of the ozone cq
crolitres per litre and the exposuretime in hours [(ul/1)-h], to reach the observed optig
her with the percentage losses i optical densities, or the amount of densitometric and

chanige observed for a given cumulative exposure.

zone fading
generation

not be used

tested. For
rent results

ncentration
al densities,
rolorimetric

NOTH 1 (pnl/Dh = 1 ppm-h.‘Although the notation “ppm-h” (parts per million-hours) is widely used in the
measurement and reporting of.trace amounts of pollutants in the atmosphere, it is not used in [nternational
Standards because it is language-dependent.

The report of test results shall include the following items:

a) areferencetothis document,i.e. ISO 18941;

b) the target’patch encoding values of the patches selected for monitoring in the t¢st, and the
¢orresponding initial densities (i.e. 1,0) of the neutral and colour patches; additionally,|the number
(|>f duplicate test specimens included in the test.

c) for digital output samples, the printer model, printer driver version, printer driver settings,
printer front panel settings, the name of the host application used in generating the print, and the
colour controls selected in that application; the cartridge configuration/ink/donor or colorant
used (manufacturer’s name and part number); the paper used (manufacturer’s name and model
number); and any other necessary information, such that the print file can be reproduced by
another user of this document. For silver-halide-based samples, the processing conditions (i.e.
chemicals, procedures) shall be reported;

d) the test conditions that were actually used (i.e. the actual temperature, relative humidity, ozone
generation method, test concentration and control aim level); if actual test conditions deviate from
the nominal conditions specified in this document, then an explanation shall be provided;
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f)

g)

18

The duration of the test, including the extent and level to which the test was conducted. 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. Otherwise, when the
test results will not be compared to other products, reporting the results from tests conducted for
a cumulative exposure or test condition that does not produce can be useful.

For tests carried out above 1,0 pl/l ozone concentrations, results of reciprocity testing at lower
concentrations.

When corona discharge equipment is used for ozone generation, the measured level of oxides of
nitrogen or the manufacturer’s specification for ozone purity.
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Annex A
(informative)

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 can be used to predict the
Valu]s for the exact desired starting density. For example, the densities of the two steps I:iarest to 1,0

may e used to calculate the desired density by linear interpolation. After each fading\tinpe, the same
coefflicient is used for interpolating the density after fading.

First] on the unfaded strip, the step with the density dj just below 1,0 and the step with the density d»
just above 1,0 are chosen (see Figure A.1). After fading, these two steps will have reached the densities
di(t)]and dz(t). The density d(t) of the initial d = 1,0 is then estimated through linear intepolation as
shown in Formula (A.1):

qr =dy) +doy —dygeyle (A1)
where
1,0—d -
e 1(t=0)
dy(t=0) ~d1(t=0)
d A
dzm
dl’
d1(c)

1 2 (t=0)

Figure A.1 — Figure interpolation of a test target starting density patch
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