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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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Part 2.

hsk of technical committees is to prepare International Standards. Draft Internatjonal

Standards 4dopted by the technical committees are circulated to the member bodies for vqting.

Publication
casting avo

Attention is
patent right

[SO 18924 was prepared by Technical Committee ISO/TC 42, Photography.

This second

minor revis

— Clause 2 has been removed;

— Annex A has been removed.

as an International Standard requires approval by at least 75 % of the member b
fe.

5. [SO shall not be held responsible for identifying any or all such patent rights.

on with the following changes:

bdies

drawn to the possibility that some of the elements of this document-may be the subjé¢ct of

edition cancels and replaces the first edition (ISO 18924:2000), of which it constitutes a
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Imaging materials — Test method for Arrhenius-type
predictions

1 Scope

This International Standard specifies a test method for the prediction of certain physical or chemical
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Terms and definitions

Tty CITanges of Taging ateriats:

International Standard is applicable to the Arrhenius test portion of ISO 18901,
8909, IS0 18912, and ISO 18919.

International Standard is applicable to the prediction of the optical-defsity (D) log
ing materials. Photographic dye images may be produced by chromogenic‘processing, |
1zo dyes, or by non-chromogenic methods such as dye diffusion and sitver dye-bleaching
[nternational Standard also covers density changes caused by

esidual coupler changes in dye images,
bxcess residual processing chemicals in silver black-and-white materials,

emperature effects on thermally processed silver images.

ISO 18905,

s or gain of
y formation
processing.

International Standard is applicable to the prediction of support degradation. One sifich example

e generation of acetic acid by degradation of cellulose acetate film support. Another ex]

he purposes of this document, thefollowing terms and definitions apply.

enius plot
pf the logarithm of thetime for a given change in a characteristic proportional to the 1
oss, tensile strength-¢hange, D yellowing, etc.) versus the reciprocal of the temperatu

1 to entry: The Arrhenius plot may be used to predict behaviour at a temperature lower than t
sts are run,

b transition
'sible change in an amorphous polymer from, or to, a viscous or rubbery condition t

ample is the

eaction rate
re, in kelvins

hose at which

b, or from, a

hard

and rn]nfi\m]y brittle one

2.3

glass transition temperature

Tg

approximate mid-point of the temperature range over which glass transition takes place

Note 1 to entry: T can be determined readily only by observing the temperature at which a significant change

takes

Note

place in a specific electrical, mechanical, or other physical property.[1]

2 to entry: Tg can also be sensitive to the moisture content of the polymer (see 4.4, Annex

Annex B for information).

Note

© ISO

3 to entry: For imaging materials containing gelatin, Tg is very humidity dependent.
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irrelevant physical or chemical reactions
chemical or physical reactions that take place only at high temperatures and/or humidities and do not
take place at the temperatures at which the Arrhenius predictions are to be made

Note 1 to entry: Such reactions may nevertheless affect the quality of the image, binder, or support.

2.5

morphological changes
changes in the physical structure of the association of the molecules

2.6

thermodyn
temperatury
interval of

Note 1 to ent

3 Backg

3.1 Back

In the 1890
the reciprog
a chemical @
of film. If a
property an
than those |
happen at rq

This relatio
materials.[3

textilesle] apd to physical properties of photegraphic film supports.[Z8] More recently, it has been

to predict th

Predictions
temperatursy
the enclosuj

system beinig tested.

There may
occurring at
the reciprog
conclusions
conditions g

amic temperature
e measured on the absolute scale which is based on absolute zero (-273,15 °C) and-havi
heasurement that is equivalent to degrees Celsius

'y: The temperature unit in the absolute scale is the kelvin.

round and theory

sround

5, Svante Arrhenius discovered that the rate of some chémical reactions is proportion
al of the absolute temperature. This relationship has been used with phenomena relat
hange, such as the loss of a particular physical property or the change in the optical de
linear relationship exists between the logarithm.of the time for a change of a parti
d the reciprocal of the temperature, then this plot'can be extrapolated to lower temperat

om temperature or lower.

hship was first used for the rates ofchemical reactionsl2] and was later applied to f

e fading of both chromogenig.and non-chromogenic photographic dyes.[2-11]

based on the Arrhenius-equation require the reactions to be run under a seri
s at either constantrelative humidity (free-hanging) or constant moisture content i
'e. The investigator'shall determine which of the above conditions is more relevant t

hlso be caseS¢where elevated temperatures cause different reaction pathways from f
ambientorfsub-ambient conditions. In these cases, the plot of the logarithm of time v¢

Only\the linear and lower temperature portion of the plot can be extrapolated to am
rdelow.

g an

al to
ed to
nsity
cular
ures

sed in laboratory studies. This allows the prediction of the time required for the chanige to

aper

4] This theory became the basis foxFAPPI Standard 453.[5] The approach was also applied to

used

bs of
nside
O the

hose
EISUS

al of the:absolute temperature will be nonlinear and great caution shall be taken in drawing

bient

The drawback to elimination of higher temperature data is that the experiment will then take longer
because 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 or misleading results and shall be done with extreme caution.

Confidence in the Arrhenius methodology is obtained when predictions for phenomena with reasonably
short lifetimes correspond to the real-time results. Such data do exist for the fading of photographic
dyes[12.13] and the stability of cellulose ester film supports.[814]

© ISO 2013 - All rights reserved
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Theory

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

logk = = +C
2,30 RT
where
k isthe rate of reaction (change per time);

e8]

By c
chan

—

Consg
temp
giv

temp
strai
term|

In th
whel
the f
react
pred
resu
How
reaci

3.3
The

isthe energy of activation fora cpnrifir‘ reaction;
is the gas constant;

is the temperature (in kelvins);

is a constant for the specific reaction.

mbining all the constant terms (E/2,30 R) into a constant “a” and.measuring the tim
e, this equation can be rewritten as:

hg (time) = %+C

t of chemical reactions. More details of these phenomena are given for information
bver, despite theycomplex reactions involved, this equation applies very well to many
ions that oceur with photographic materials.

Effects'of relative humidity

Atrhenius method is run at either constant relative humidity or constant moistur

equently, when the logarithm of the time is plotted against the reciprocal of 4
erature, a straight line is produced. This relationship can be used to predict the time r¢

en change to occur at lower temperatures where'the reaction might require hundreds o
is d;Le experimentally by determining the time“required for a given change at a numbe
eratures (where the times required are reasonable), plotting these points, and ex
pht-line graph to the lower temperatures of interest. This “Arrhenius method” of predlicting long-

ageing behaviour is widely used andaccepted by experts in the photographic industr}

e chemical literature, the equation has been widely applied to relatively simple, chemig
e both reactants and produets*have been identified. However, there may be circumstan
t of the Arrhenius prediction line is less than perfect. In these cases, there may be mc
ion occurring and this ‘may result in nonlinear behaviour or two distinct linear por
jction line. In other situations, physical properties are measured, although the changes are the

e for a given

(2)

he absolute
quired for a
f years. This

of elevated
tending the

V.

al reactions
ces in which
re than one
tions to the

in Annex B.
complicated

b content in

the enclosure. It should be noted that many of the responses evaluated by the Arrhenius method are
humidity dependent 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

© ISO

each experiment at a constant relative humidity or moisture content.
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4 Experimental procedures

4.1 Outlin

e of Arrhenius test

An Arrhenius test should have the following steps that are explained in more detail in several of the
references.[16,17]

a)
b)
‘)

Incuba

d)
e)

Measur

Determ
a prede

Plot the
temper{

f)

Predict
by extr4

g)

h) Exampl

4.2 Requ

Although a s
plotting the
significance
of data poin
for each pre

If the effect

shall be stu$

RHapart. T

4.3 Seale

Two test mlethods, known as the “sealed-bag” and the “free-hanging” methods, are availabl
stabilityd€esting. These kinds of test conditions tend to give somewhat different result$

accelerated

In the seale
Pre-equiliby

Prepare specimens; this may include exposing, processing, cutting, trimming, etc.

Take initial readings of the property of interest on the non-incubated specimens.

e the property of interest on the incubated specimens after different incubation times.

ne the incubation time at each incubation temperature for the property ofinterest to |
fermined level.

log of the incubation time determined in €) against the reciprocal-of the thermodyn
iture to obtain an Arrhenius plot.

the time for the property of interest to change the desired amodant at the desired tempery
ipolation of the Arrhenius plot.

bs of Arrhenius plots are given in Annex C.

irements for a meaningful Arrhenius test

traight line can be drawn between two points and an Arrhenius prediction may be ma
results of two different incubation tempexsatures, there can be no evaluation of the statij
of this experiment unless three or more temperatures are used. Because a smaller nu
[s is apt to lead to a strongly biased prediction, a minimum of four temperatures shall b
diction.

of relative humidity needsito'be considered, experiments at different relative humig
ied. The relative humidities shall be at least 10 % RH apart and preferably should be
e tests shall be run at-a humidity range representing the anticipated storage of the mat

d-bag versus free-hanging testing

ation of the samples to a constant relative humidity is necessary before they are sealed

¢ . . i . _ . the
sealed-lEag technique (see 4.3).

each

amic

iture

e by
tical
mber
P run

lities
20 %
erial.

b for

D.

1-bag\method, the photographic material is stored in a sealed container with very little air.

This

test simulat

11:L 4 i : I, | A N 1 11 41 1o ot 1
S TCAIFIIT SLUTAdgC CUITUILIUILLS TIT WITILIT SUUSLAIILTS TTITASTU DYy ULIT PITULUET APITIU 111d

erial

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 free-hanging method, the specimens are suspended in a relatively large humidity-controlled test
chamber at a sufficient distance from each other to ensure free access of circulating air to all surfaces.
This test would be appropriate to simulate storage conditions in which photographic materials are
stored in vented containers and circulating air is used to remove any released substances.

The advantages and disadvantages of each method are discussed in informative Annex A.

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=ef7b2db150a2eb2c0f71b28e20a51bb8

ISO 18924:2013(E)

4.4 Effect of heating on sealed bags containing photographic film or paper

If photographic paper or film containing significant amounts of gelatin is incubated in a sealed foil bag,
the relative humidity (RH) of the environment will increase with increasing temperature, even though
the moisture content of the overall system remains constant. In some systems, this increase of humidity
can also cause physical changes such as the transformation of the gelatin conformation to the above Tg
state (see 2.3).

Experimental evidence has shown that this increase of relative humidity results in more staining on
paper and, in some cases, more dye fading in colour photographs. For example, if a processed black-and-
white paper is incubated in the free-hanging mode, thermal yellowing will be considerably less than

if iti
both
bagg]

The 4
diffe
valug
bags

4.5

If thd
samf
testi

and prepared at the same time.

Itis s

sTcubated i a seated foit bag—Thus,; i orderto estabtishrthe same envirommerntat Tg
the sealed bag and free-hanging test methods, one shall choose pre-equilibration RH1
ed samples which compensate for the RH increase that occurs at the elevated testtem

imount of RH compensation required may be sample dependent, since different materi

s for sealed-bag incubations may require a few trial runs where RH measurements are
containing representative materials prior to commencement of the actual tests.

Determination of test increments

b free-hanging method is used, time increments of treatment can be accumulated up
les and they can be returned to the oven until the failure point has been reached. Howg
g requires that the increments be determined in advahce, since all the bags are pre-

trongly recommended that the initial increments for foil-bag testing be somewhat con

nditions for
evels for the
berature.

als can have

Fent moisture-sinking properties.[13] From a practical standpoint, the determination off correct RH

taken inside

bn the same
bver, foil-bag
quilibrated

servative so

as ngt to overshoot the failure point, and that subsequent increments be adjusted once datia have been

obtalned on the first few increments. Adjusting'the schedule in this way increases the propability that

the failure point is neither underreached noroverreached.

5 C(alculations

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 tempegrature. The

time|at which a 10 % los§ 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 fonnecting theseJatter data points is then extrapolated to the desired keeping tenjperature to

determine the length of time required for the 10 % blue density loss to occur. In this example, it is

apprpximately 30-years at 24 °C.[9]

6 Testreport

The following shall be reported:

a) property being measured, along with its starting value (e.g. colour of the patch, dye density loss,
density 1,0 above Dpip, etc.);

b) percent of property change which determines the end-point;

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

d) range of temperatures and the specific RHs at which the test was run;

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

© IS0 2013 - All rights reserved 5
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X  time,in years (log scale)
Y  blue density

Y’  reciprocal of temperature (1/Kk)

NOTE See Reference[9].

Figure 1 — Illustration of a prediction method (blue density change for 1,0 yellow dye)
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Annex A
(informative)

Advantages and disadvantages of sealed-bag and free-hanging

The choice g
evaluated a1
normally stq
method. Thi
films placed
more repreg

The “free-h
unlimited sy
can be accy

incubations

d the expected storage conditions of these materials. For example, motion-picture filin
red in closed metal or plastic cans and, therefore, should be evaluated with the “s€aled
s method also provides better simulation of the storage environment of still-camera ¢

into plastic sleeves in strip or roll form. However, the “free-hanging” method is us
entative of the keeping conditions for mounted 35-mm colour slides andgeflection pri

hnging” method is an incubation at constant relative humidity. It provides an essen
Ipply of the required oxygen and moisture to fuel chemical reactions;Multiple time inte

changes th

environmental chambers required for free-hanging incubations are expensive because of the ne
accurately control both temperature and relative humidity:.

The “sealed{bag” method is used for constant moisture content of the system, but the relative hum

within the

become dep|
may increas
cause some
gelatin) whi
distinct bre
the incubati

mulated on the same samples in a free-hanging mode, providing there are no phy
affect the results. This reduces the amount of material needed for testing. Howeve

ag may be different at different incubation temperatures. Oxygen and moisture
eted components in this form of incubation. Because the relative humidity inside th
e with an increase in incubation temperature, the sealed-bag method is more likg
of the incubations to be above the glass transition temperature Ty (especially in the cg
le others are below it.[15] This may produce Arrhenius lines with greater variability or
hks in the prediction lines. More spe¢imens are required with the sealed-bag method
on chambers need to control only'temperature and are therefore less expensive.

blour
ually
nts.

rially
rvals
sical
-, the
bd to

idity
may
e bag
ly to
se of
with
, but
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Annex B
(informative)

Limitations of the Arrhenius method

See Reference [16].

B.1

The 1
degr
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cove
by a
are V|
dens
the u
alter
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linealr if morphological changes are not happening.

This
it shq

B.2

An Al
chen
nonl
lines
react

In ex
coup
phen

B.3

Physical changes

methodology of accelerated testing can lead to physical or chemical changes that/misr
be of change that takes place at moderate temperature. An example of thisTniight be

ion thatis complicated by a morphological change in the dye clouds (e.g. spreading out
e that form during photographic development) and is therefore accompanied by an
Fing power. One indication of this behaviour is a dye-density increase for the initial tin
decrease in density as the dye starts to fade.[1Z] The difficulty here’is that, since two

bpresent the
h dye-fading
fthe clumps
increase in
hes followed
phenomena

Forking against each other, the net result at early stages of the incubation may not be a

se of microscopic examination before and after incubatipnto see if the dye clouds hav
native method is to measure the remaining dye concentration by an analytical chem
as liquid chromatography) after incubation. A plotef density versus dye concentrati

last statement is not precisely true for reflection density, but is a close enough approx
uld still be applicable to check for covering power changes.

Irrelevant physical or chemic¢al reactions

rrhenius test is intended to measure the product of a single chemical reaction. If othe
ical reactions occur at high temperatures or high humidities, the Arrhenius plot may ¢
near high-temperature endyor there will be a discontinuity of slope with two separat

one where the high-temperature reaction predominates and one where the low-
ion predominates (sée)Figure B.1).

treme cases of dye-fading reactions, the minimum density of a film containing colou
ers can show-aJoss of density at some temperatures and an increase in density at othe
pomenon oceuls when the initial incubations show a loss of density followed by gradual buil

Exceeding the T, of the binder (see 2.3)

b

ity. In these cases, a way to determine that covering powerhanges are not happening is through

increase in

b spread. An
ical method

»n should be

mation that

" physical or
ither have a
e Arrhenius
emperature

'ed masking
rs. A similar
d-up of stain.

Figu

n 1 -11 1 pa | s 1 L s 1 £:1 201 1 1o 1 1 Lo ol
e o mustrates—tiedensity rossoft avestetrar timr==rinrtnrs—grapmn,—tiremgner-temperatures

indicate a different Arrhenius line than the one for the lower temperatures. Different reaction rates
occur when the T of the binder has been exceeded. Use of these higher temperatures in the Arrhenius
analysis will lead to incorrect 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.[13] At higher temperatures, the

Tg of

© ISO

the gelatin will be exceeded.
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X (/T
Y time
a Time

NOTE SeeH

= \
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Time (hours)for10 %
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o1 b
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(1/T °K) 1000
K) 1000
(hours)
(hours) for 10 % loss-ef.Dpax.
teference [20].
Figure B.1 — Arrhenius plot of D5« loss of a vesicular film
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Annex C
(informative)

Examples of Arrhenius relationships

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

Figufe C.2 shows the prediction line for the loss of 20 % of the intrinsic viscosity of degraded cellulose
triacptate and polyester film supports.[19] This is a case where the higher temperature data rank the
two $upports opposite to that predicted by the Arrhenius lines at room temperatuie’becatise the lines
crosg at about 80 °C.
¥ |
g
=
©
2
g 24 - 70 years
o
£
(o8
(<5}
(5]
x
52 .
60
68 -
77
85 .
93 a ] ] ] ]
10 100 1000 10 000 100 000
(R75 years)

Days for 0,05 D,,;, change
X days for 0,05 Dpyin change

Y  keeping temperature (°C)

a 70 years.

NOTE See Reference [18].

Figure C.1 — Days for 0,05 D,j, change versus temperature for radiographic film
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S

120 10090 80_ 70 21
0,1 I L L | | | | -
0,002 5 0,003 0 0,003 5
1/T °K

1/TK
time for R0% viscosityless (days)
cellulose triacetate=hdse film
polyester-base film

NOTE See Reference [19].
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- 10 //
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Figure C.2 — Arrhenius plot of time for 20 % intrinsic viscosity loss of two film supports
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