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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 ISQ, alsa take part in the work. 1SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Paft’3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International [Standard 1SO 18924 was prepared by Technical Committee ISO/TC 42, Photography.
This International Standard is one of a series of standards dealing with the physical properties and fstability of
imaging materials. To facilitate identification of these International Stahdards, they are assigned a number within

the block from 18900 to 18999 (see informative annex A).

Annexes A t¢ D of this International Standard are for informatian only.
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Imaging materials — Test method for Arrhenius-type predictions

1 Scope

This Interpational Standard specifies a test method for the prediction of certain physical or chem
changes df imaging materials.

This Interhational Standard is applicable to the Arrhenius test portion of ISO 8225f |ISO 9718

ISO 10977

This Inter
materials.
by non-ch
density ch

— residu
—  exces
— tempsg
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generatior
energy ab
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The follow
this Intern
publication
investigatq
undated r

and ISO 18919.

Photographic dye images may be produced by chromogenic processing, by formation of d
omogenic methods such as dye diffusion and silver dye-bleaching precessing. This standar
anges caused by

al coupler changes in dye images,

s residual processing chemicals in silver black-and-white 'materials,

rature effects on thermally processed silver images.

hational Standard is applicable to the prediction of support degradation. One such ex

of acetic acid by degradation of cellulosé.acetate film support. Another example is the cha
orption of black-and-white paper support.

native references
ng normative documents;econtain provisions which, through reference in this text, constitute
s do not apply. Hewever, parties to agreements based on this International Standard are e

the possibility of-applying the most recent editions of the normative documents indicate
pferences, theflatest edition of the normative document referred to applies. Members of

ical property

ISO 10602,

national Standard is applicable to the prediction of the optical-dengity J(D) loss or gaip of imaging

azo dyes, or
 also covers

hmple is the
Nge in tensile

provisions of

ational Standard. For-dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

maintain registers of-currently valid International Standards.
ISO 8225:11995,\Photography — Ammonia-processed diazo photographic film — Specifications for stability.
ISO 9718:11995, Dhm‘ngmlnhy — Processed vesicular phm‘ngmphir‘ film — Qpnrifinnfinnc for cmhility

ISO 10602:1995, Photography — Processed silver-gelatin type black-and-white film — Specifications for stability.

ISO 10977:1993, Photography — Processed photographic colour films and paper prints — Methods for measuring
image stability.

ISO 18919:1999, Imaging materials — Thermally processed silver microfilm (TPS) — Specifications for stability.
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3 Terms

and definitions

For the purposes of this International Standard, the following terms and definitions apply.

3.1

Arrhenius plot
plot of the logarithm of the time for a given change in a characteristic proportional to the reaction rate (dye loss,
tensile strength change, D,;, yellowing, etc.) versus the reciprocal of the temperature, in kelvins

NOTE

The Arrhenius plot may be used to predict behaviour at a temperature lower than those at which the tests are run.

3.2

glass transi
reversible ch
relatively brit]

3.3
glass transi

Tg

approximate

NOTE1 Ty
specific electri

NOTE2 T,
information).

g

3.4
irrelevant pf

ion
ange in an amorphous polymer from, or to, a viscous or rubbery condition to, orfram, g
le one

ion temperature

mid-point of the temperature range over which glass transition takesplace

can be determined readily only by observing the temperature at which a significant change takes
cal, mechanical, or other physical property [1]%).

can also be sensitive to the moisture content of the polymer?) (see 5.4, annex B, and C.3 of g

ysical or chemical reactions

chemical or physical reactions that take place only at high temperatures and/or humidities and do not tal

the temperat|

NOTE St
3.5
morphologi

changes in tf

3.6
thermodyna
temperature
of measuren

NOTE TH

Lires at which the Arrhenius predictions are‘to be made

ch reactions may nevertheless affect the ‘quality of the image, binder or support.

cal changes
e physical structure of the-association of the molecules

mic temperature
measured onthe absolute scale which is based on absolute zero (-273,15 °C) and having
ent that is-equivalent to degrees Celsius

e temperature unit in the absolute scale is the kelvin.

hard and

place in a

nnex C for

e place at

an interval

4 Background and theory

4.1 Background

In the 1890s, Svante Arrhenius discovered that the rate of some chemical reactions is proportional to the reciprocal
of the absolute temperature. This relationship has been used with phenomena related to a chemical change, such
as the loss of a particular physical property or the change in the optical density of film. If a linear relationship exists

1) The number in the bracket refers to the reference in the bibliography.

2) For imaging

materials containing gelatin, Ty is very humidity dependent.
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between the logarithm of the time for a change of a particular property and the reciprocal of the temperature, then
this plot can be extrapolated to lower temperatures than those used in laboratory studies. This allows the prediction
of the time required for the change to happen at room temperature or lower.

This relationship was first used for the rates of chemical reactions [2] and was later applied to paper materials [3,4].
This theory became the basis for TAPPI Standard 453 [5]. The approach was also applied to textiles [6] and to
physical properties of photographic film supports [7,8]. More recently, it has been used to predict the fading of both
chromogenic and non-chromogenic photographic dyes [9,10,11].

Predictions based on the Arrhenius equation require the reactions to be run under a series of temperatures at
either constant relatlve humldlty (free hanglng) or constant m0|sture content |n5|de the enclosure The investigator

There may also be cases where elevated temperatures cause different reaction pathways from(thosq occurring at
ambient of sub-ambient conditions. In these cases, the plot of the logarithm of time versus-the reciprocal of the
absolute t¢mperature will be non-linear and great caution shall be taken in drawing conclusions. Only the linear and
lower temperature portion of the plot can be extrapolated to ambient conditions or below:

The drawljack to elimination of higher temperature data is that the experiment will then take longer bgcause of the
slow reaction rate at lower temperatures. Patience is the only solution for getting the correct answer when this
happens. When incubations are limited to a few of the higher temperatures, this can lead to incorrect ¢r misleading
results andl shall be done with extreme caution.

Confidence in the Arrhenius methodology is obtained when predictions for phenomena with reagonably short

lifetimes cprrespond to the real-time results. Such data do exist for the fading of photographic dyes [1R,13] and the
stability of|cellulose ester film supports [8,14].

4.2 Theory

The basic [relationship in the study of chemical reaction rates is the Arrhenius equation:

log k| = % +C
where
k is the rate of reaction (change per time);
E is the energy of ‘activation for a specific reaction;
R is the gascConstant;
T is the‘temperature (in kelvins);
C i§ d constant for the specific reaction.

By combining all the constant terms (E/2,30 R) Into a constant "a’ and measuring the time for a given change, this
equation can be rewritten as:

log (time) = $+C

Consequently, when the logarithm of the time is plotted against the reciprocal of the absolute temperature, a
straight line is produced. This relationship can be used to predict the time required for a given change to occur at
lower temperatures where the reaction might require hundreds of years. This is done experimentally by determining
the time required for a given change at a number of elevated temperatures (where the times required are
reasonable), plotting these points, and extending the straight-line graph to the lower temperatures of interest. This
"Arrhenius method" of predicting long-term ageing behaviour is widely used and accepted by experts in the
photographic industry.

© I1SO 2000 — All rights reserved 3
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In the chemical literature, the equation has been widely applied to relatively simple, chemical reactions where both
reactants and products have been identified. However, there may be circumstances in which the fit of the Arrhenius
prediction line is less than perfect. In these cases, there may be more than one reaction occurring and this may
result in non-linear behaviour or two distinct linear portions to the prediction line. In other situations, physical
properties are measured, although the changes are the result of chemical reactions. More details of these
phenomena are given for information in annex C. However, despite the complex reactions involved, this equation
applies very well to many complicated reactions that occur with photographic materials.

4.3 Effects of relative humidity

The Arrhenius method is run at either constant relative humidity or constant moisture content in the enclosure. It
should be ndted that many of the responses evaluaied by the Arrhenius method are humidity dependemt and that
rates can change quite drastically as a function of relative humidity [15].

The effect of moisture may be determined by several separate experiments at multiple temperatures,|with each
experiment gt a constant relative humidity or moisture content.

5 Experimental procedures

5.1 Outlife of Arrhenius test

An Arrheniug test should have the following steps that are explained ingmore detail in several of the feferences
[16,17].

a) Prepare[specimens; this may include exposing, processing,-cufting, trimming, etc.
b) Take inifial readings of the property of interest on the nofi~incubated specimens.

¢) Incubatg the specimens at a minimum of four temperatures, using either the free-hanging or the gealed-bag
technique (see 5.3).

d) Measurg the property of interest on the incubated specimens after different incubation times.

e) Determine the incubation time at_&ach incubation temperature for the property of interest t¢p reach a
predetenmined level.

f)  Plot the|log of the incubation-time determined in (e) against the reciprocal of the thermodynamic tgmperature
to obtair] an Arrhenius plot:

g) Predict the time for ¢hevproperty of interest to change the desired amount at the desired tempgrature by
extrapolftion of the Arrhenius plot.

Examples of|Arrhenijus plots are given in annex D.

5.2 Requirementsforameaningful Arrheniustest |

Although a straight line can be drawn between two points and an Arrhenius prediction may be made by plotting the
results of two different incubation temperatures, there can be no evaluation of the statistical significance of this
experiment unless three or more temperatures are used. Because a smaller number of data points is apt to lead to
a strongly biased prediction, a minimum of four temperatures shall be run for each prediction.

If the effect of relative humidity needs to be considered, experiments at different relative humidities shall be studied.

The relative humidities shall be at least 10 % RH apart, and preferably should be 20 % RH apart. The tests shall be
run at a humidity range representing the anticipated storage of the material.

4 © 1SO 2000 — All rights reserved
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5.3 Sealed-bag versus free-hanging testing

Two test methods, known as the "sealed-bag" and the "free-hanging" methods, are available for accelerated
stability testing. These kinds of test conditions tend to give somewhat different results.

In the sealed-bag method, the photographic material is stored in a sealed container with very little air. Pre-
equilibration of the samples to a constant relative humidity is necessary before they are sealed. This test simulates
real-life storage conditions in which substances released by the photographic material are trapped inside the
container and can interact with the image or support layers. For example, with cellulose-acetate-base motion
picture films stored in sealed bags or closed metal or plastic cans, the fading of the dye images may be accelerated

by the presence of acetic acid generated by the degradation of the acetate film base.

In the freet
a sufficien
appropriat|
circulating

hanging method, the specimens are suspended in a relatively large humidity-controlled-tes
t distance from each other to ensure free access of circulating air to all surfaces. TRis t
b to simulate storage conditions in which photographic materials are stored in vented cd
air is used to remove any released substances.

The advarjtages and disadvantages of each method are discussed in informative annex.B.

5.4 Effect of heating on sealed bags containing photographic film ar-paper
If photogrd
humidity (
the overal
such as th

RH) of the environment will increase with increasing temperature, even though the moistu
system remains constant. In some systems, this increase. of humidity can also cause phys
e transformation of the gelatin conformation to the above Tg state (see 3.3).

Experimer
some cas
incubated
foil bag. T
test methg

tal evidence has shown that this increase of relative ‘humidity results in more staining on

es, more dye fading in colour photographs. For example, if a processed black-and-w
in the free-hanging mode, thermal yellowing will be considerably less than if it is incubate
hus, in order to establish the same environmental conditions for both the sealed bag and
ds, one shall choose pre-equilibration RH-levels for the bagged samples which compensa|
at occurs at the elevated test temperature.

t of RH compensation required*may be sample dependent, since different materials can
moisture-ginking properties [15]. From a-practical standpoint, the determination of correct RH values fq
incubations may require a few trial runs where RH measurements are taken inside bags containing re¢
materials prior to commencement of.the actual tests.

5.5 Determination of testincrements

If the freedhanging method is used, time increments of treatment can be accumulated upon the same
they can be returned-te the oven until the failure point has been reached. However, foil-bag testing req
increments be determined in advance, since all the bags are pre-equilibrated and prepared at the sam

It is strongly recommended that the initial mcrements for foil- bag testlng be somewhat conservatlve

\phic paper or film containing significant amounts of gelatin is ineubated in a sealed foil bag,

t chamber at
pst would be
ntainers and

the relative
re content of
ical changes

aper and, in
ite paper is
] in a sealed
free-hanging
e for the RH

ave different
r sealed-bag
bpresentative

samples and
Lires that the
P time.

SO as not to

overshootlthe
few mcrements Adjustmg the schedule in this way increases the probablhty that the failure poi
underreached nor overreached.

6 Calculations

ed on the first
nt is neither

Figure 1 illustrates the dye density loss of a generic yellow dye, at a starting optical density of 1,0, incubated at
40 % RH. The top plot shows the rate of fade curves for each incubation temperature. The time at which a 10 %
loss of density occurs is translated down to the lower plot where the log of this time is plotted versus the reciprocal
of the temperature for that particular incubation. The prediction line connecting these latter data points is then
extrapolated to the desired keeping temperature to determine the length of time required for the 10 % blue density
loss to occur. In this example, it is approximately 30 years at 24 °C [9].

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=f7ec3fa530ffcce32d0ec74fc1c41005

ISO 18924:2000(E)

7 Testreport

The following shall be reported:

a)

b)
c)
d)

e)

property

being measured, along with its starting value (e.g. colour of the patch, dye density loss, density 1,0

above D, etc.);

percent of property change which determines the end-point;

whether the incubation was free hanging or was in a sealed container (foil bag, film can, etc.);

range off

extrapolfted time for the end-point to occur at a specified temperature and relative humidity.

temperatures and the specific RHs at which the test was run;

© 1SO 2000 — All rights reserved
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Figure 1 — lllustration of a prediction method (blue density change for 1,0 yellow dye) [9]
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Annex A
(informative)

Numbering system for related International Standards

The current numbering system for TC 42 documents dealing with the physical properties and stability of imaging
materials is confusing since the five digit numbers that are used are not in any consecutive order. To facilitate
remembering the numbers, ISO has set aside a block of numbers from 18900 to 18999 and all revisions and new

InternationaI'LStandards will be given a number within this block. The last three digits will be identical te.fhe current

ANSI/PIMA pumbers of published documents. This will be advantageous to the technical experts-from|Germany,
Japan, United Kingdom and the USA who have prepared the standard and who are familiar with“‘the ANSI/PIMA
numbers.
As the current International Standards are revised and published, their new numbers will be"as given in Tpble A.1.
Table A.1 — New ISO numbers
Current of
former ISQ Title New ISO
humber
number
10602 Photography — Processed silver-gelatin type black-and-white film — Specifications 18901
for stability
10214 Photography — Processed photographic materials — Filing enclosures for storage 18902
6221 Photography — Films and papers — Determination of dimensional change 18903
5769 Photography — Processed films — Methad for determining lubrication 18904
8225 Photography — Ammonia-processed-diazo photographic film — Specifications for 18905
stability
543 Photography — Photographic(filins — Specifications for safety film 18906
6077 Photography — Photographic films and papers — Wedge test for brittleness 18907
8776 Photography — Photographic film — Determination of folding endurance 18908
10977 Photography — Processed photographic colour films and paper prints — Methods 18909
for measuring image stability
4330 Photography~=Determination of the curl of photographic film and paper 18910
5466 Photography’— Processed safety photographic films — Storage practices 18911
9718 Photography — Processed vesicular photographic film — Specifications for stability 18912
12206 Photography — Methods for the evaluation of the effectiveness of chemical 18915
conversion of silver images against oxidation
14523 Photography — Processed photographic materials — Photographic activity test for 18916
ENCIoSUre maternas
417 Photography — Determination of residual thiosulfate and other related chemicals in 18917
processed photographic materials — Methods using iodine-amylose, methylene
blue and silver sulfide
3897 Photography — Processed photographic plates — Storage practices 18918
14806 Photography — Thermally processed silver (TPS) microfilm — Specifications for 18919
stability
6051 Photography — Processed reflection prints — Storage practices 18920
15524 Photography — Polyester-base magnetic tape — Storage practices 18923
15640 Photography — Imaging materials — Test method for Arrhenius-type predictions 18924
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Annex B
(informative)

Advantages and disadvantages of sealed-bag and free-hanging incubations

The choice of test method should be based on the known properties of the photographic materials being evaluated
and the expected storage conditions of these materials. For example, motion-picture films are normally stored in
closed metal or plastic cans and, therefore, should be evaluated with the "sealed-bag" method. This method also

provides
or roll for
mounted 3

The "free-
of the req
same sa
reduces th
incubation

The "seald
bag may h
in this forn
temperatu
transition

Arrhenius
with the s
expensive

etter simulation of the storage environment of still-camera colour films placed into plasticcs|
. However, the "free-hanging” method is usually more representative of the keeping G
5-mm colour slides and reflection prints.

hanging” method is an incubation at constant relative humidity. It provides an essentially unl
ired oxygen and moisture to fuel chemical reactions. Multiple time intervals ‘¢an be accum
ples in a free-hanging mode, providing there are no physical changes that affect the
e amount of material needed for testing. However, the environmental chambers required for
5 are expensive because of the need to accurately control both temperattre and relative hun

bd-bag" method is used for constant moisture content of the syStem, but the relative humid
e different at different incubation temperatures. Oxygen and,meisture may become depleted
h of incubation. Because the relative humidity inside the bag may increase with an increase
fe, the sealed-bag method is more likely to cause some of the incubations to be abo

lines with greater variability or with distinct breaks<in‘the prediction lines. More specimens
paled-bag method, but the incubation chambers:need control only temperature and are t

beves in strip
onditions for

mited supply
Llated on the
results. This
free-hanging
nidity.

ity within the
components
in incubation
ve the glass

temperature Tg (especially in the case of gelatin) while others are below it [15]. This mmay produce

are required
nerefore less
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Annex C
(informative)

Limitations of the Arrhenius method [16]

C.1 Physical changes

The methodq
change that
complicated
photographiag
behaviour is
[17]. The diff
of the incub
changes are
dye clouds H
chemical mqg
should be lin

This last stat]
be applicablg

C.2 Irrele

An Arrhenius
reactions oc
temperature
temperature

In extreme ¢
show a loss
when the init

C.3 Excee
Figure C.1 il

different ArrH
binder has b

htion may not be an increase in density. In these cases, a way to determine that cove
not happening is through the use of microscopic examination before and after incubation td
ave spread. An alternative method is to measure the remaining dye“concentration by an

par if morphological changes are not happening.

bment is not precisely true for reflection density, but is a close enough approximation that it
to check for covering power changes.

ant physical or chemical reactions

test is intended to measure the product 'of a single chemical reaction. If other physical 0
Cur at high temperatures or high hunidities, the Arrhenius plot may either have a non-li
end or there will be a discontinuity~of-slope with two separate Arrhenius lines, one where
Feaction predominates and one where the low-temperature reaction predominates (see Figu

hses of dye-fading reactions;"the minimum density of a film containing coloured masking co|
of density at some températures and an increase in density at others. A similar phenome
al incubations show adoss of density followed by gradual build-up of stain.

rding the Tgof the binder (see 3.3)
ustrates.the density loss of a vesicular film [20]. In this graph, the higher temperatures

enius-line than the one for the lower temperatures. Different reaction rates occur when thg
ben’ exceeded. Use of these higher temperatures in the Arrhenius analysis will lead to incorre

logy of accelerated testing can lead to physical or chemical changes that misrepresent.-the| degree of
takes place at moderate temperature. An example of this might be a dye-fading(react|on that is
by a morphological change in the dye clouds (e.g., spreading out of the clumps of dye that fprm during
development) and is therefore accompanied by an increase in covering power..One indication of this
a dye-density increase for the initial times followed by a decrease in density as'the dye stgrts to fade
culty here is that, since two phenomena are working against each other, the het result at early stages

ing power
see if the
analytical

thod (such as liquid chromatography) after incubation. A plot,of\density versus dye concentration

should still

I chemical
hear high-
the high-
e C.1).

Liplers can
on occurs

indicate a
p Tg of the
ct results.

Studies of emulsion properties using the sealed-bag technique can create situations where the Ty of the gelatin
binder can be exceeded at elevated temperatures. It has been observed that the equilibrium relative humidity in a
sealed bag increases with increasing temperature [15]. At higher temperatures, the Ty of the gelatin will be

exceeded.

10

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=f7ec3fa530ffcce32d0ec74fc1c41005

ISO 18924:2000(E)

—
v
E 10 000
'—
1000
100
10
Time (hours)for 10 %
1 loss of D
90 70 60 50 L0 30 20 °C
01 ] ] ] | | | | |
' |4 | |

| | | |
132 33 34

(17T °K) 1 000

Figure C.1 — Archenius plot of D, loss of a vesicular film [20]
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Annex D
(informative)

Examples of Arrhenius relationships

Figure D.1 illustrates the Arrhenius prediction line for residual thiosulfate ions and shows the time for the blue Dpyin
to rise 0,05 density units for a radiographic film [18].

Figure D.2 shows the prediction line for the loss of 20 % of the intrinsic viscosity of degraded cellulosg triacetate
and polyestey film supports [19]. This is a case where the higher temperature data ranks the two supporis opposite
to that predigted by the Arrhenius lines at room temperature because the lines cross at about 80 °C,
&
<
5
=
S 24 70 years
2
(=)}
£
@
[}
X
52 5
60
68
11
85 "
93 . | | | |
10 100 1000 10 000 100 000
(279 years)
Bays—for 0050 change
Figure D.1 — Days for 0,05 D,,,;, change versus temperature for radiographic film [18]
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