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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 1SQ collaborates closely with the International Flect
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Introduction

Since 1930, great advances have been made in the use of photographic films for the preservation of records. The
preservation of film records by governments, banks, insurance companies, industry and other enterprises has been
stimulated by a recognition of the economies in storage space, organization, accessibility and ease of reproduction

that result

from the use of film records.

During th¢ early development period of the art of copying documents, 35-mm nitrate motion-pictl.:re film was

sometime$ used. This material is highly flammable and is not a safety film as specified in ISO 18906.
not accepfable for any record film. The manufacture of nitrate film declined after World War Il andwas

in most ¢

ntries in the 1950s.

Nitrate film is
discontinued

From abopt 1908 to 1956, the only safety type film bases in commercial use were. cellulose acetate, cellulose

acetate prppionate and cellulose acetate butyrate. The useful life of these cellulosg=ester type bases
conjecturdl because of limited practical experience. However, the results of labgratory incubation tes

is somewhat
ts indicate a

useful life pf at least 100 years when cellulose-ester base films are stored under recommended condifjons (see [1],

2], 13], [4][in the bibliography).

A second type of polymer safety film base was introduced commercially in 1956. This is a polyester g
whose chemical name is polyethylene terephthalate. [Another type of polyester base, known as
e, has been used for APS (Advanced Photo System) type’films since 1996.] Polyester bas¢ has several

naphthala
advantage
which are

supplemented by 35 years of practical experience indicate-a potential useful life of 500 years.

This Intern
LE (life ex
LE ratings

Studies o
permanen
work suggd
in the firs

categories.

This Inter
characteri
characteri
However,

requireme|
fire, wate

s over cellulose-ester base, including greater strengthystiffness, tear resistance and dimens
important in many photographic applications (see*[5], [6] in the bibliography). Accelerated

bectancy) ratings. These three classes_are-radiographic films, microfilms and all other films.
are given for each of these film classgs, depending on their residual thiosulfate concentratioj

n the stability of silver-gelatin-type films have investigated the effect of residual hypo @
Ce of radiographic films, micrefilms and aerial films (see [7], [8], [9] respectively in the biblio
ested modifications to the-residual hypo limits and a more quantitative image-stability test
t edition of ISO 10602, ‘Residual hypo limits and image-stability tests are now include

national Standard-identifies certain hazards to permanence attributable to the chemica
5tics of procésséd film and gives methods of evaluating them. Some of these are
5tics, some 'are related to the chemical processing procedure and some are influenced by
storage\ conditions also can have a pronounced influence on film permanence. T
hts forslongevity are proper storage temperature and humidity as well as protection from th
, fungus, and atmospheric pollutants. Proper storage conditions are specified in IS

lass material
polyethylene

onal stability
ageing tests

ational Standard provides image stability predictions for three classes of black and white films in terms of

Two or three
ns.

n the image
graphy). This
was included
j for all film

or physical
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films — Specifications for stability

1

This Intern

It is applic
processed
processed
applicable

gold.

This Inter
not cover

NOTE

pose some

This Inter
any type,

or therma
using a m
removed b

This Intern

2 Norrn

The follow
this Intern

publicatio

investigatg
undated r
maintain r

ISO 5-2:200

ISO 5-3:1

Scope

ational Standard establishes the specifications for photographic films intended for the |storag

ble specifically to films with a base of safety cellulose ester or polyester having silver-gelat
to produce a black-and-white silver image by negative or full-reversal processing. It a
by a monobath, which includes thiosulfate as the fixing agent, followed by-a conventional w
to silver films given a stabilizing treatment by partial or full conversionde silver sulfide, silve

Tational Standard is applicable to films having ultrasonic or dieléctric (induction heated) sp|
ilms with splices made by means of adhesive tape or solvent-type splices.

Solvent-type splices are suspect since they may retain traces.of residual solvents containing perox
risk of oxidative attack on the silver image.

mational Standard is not applicable to films with.echromogenic black-and-white images, colg
nor to films with a magnetic recording track. I{:dées not apply to films with silver images pro
processing or by diffusion-reversal processing, nor to films that have been processed by
eans other than a thiosulfate-type fixing "'solution. It is not applicable to films where the si
y means other than thiosulfate solutions-(see [10] in the bibliography).

ational Standard is not applicable 6 films to which lacquers have been applied.

native references
ng normative doguments contain provisions which, through reference in this text, constitute

s do not apply--However, parties to agreements based on this International Standard are e

the possibility of applying the most recent editions of the normative documents indicate
pferences,vthe latest edition of the normative document referred to applies. Members of
pgisters-of currently valid International Standards.

M

e of records.

n emulsions,
pplies to film
sh. It also is
r selenide or

ices. It does

ide which can

ur images of
duced by dry
a monobath
ver salts are

provisions of

ational Standatd) For dated references, subsequent amendments to, or revisions of, any of these

ncouraged to
d below. For
SO and IEC

995, Photography — Density measurements — Part 3: Spectral conditions

iea density

ISO 527-3:1995, Plastics — Determination of tensile properties — Part 3: Test conditions for films and sheets

ISO 18902:2001, Imaging materials — Processed photographic films, plates and papers — Filing enclosures and
storage containers

ISO 1890
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ISO 18911:2000, Imaging materials — Processed safety photographic films — Storage practices

ISO 18917:1999, Photography — Determination of residual thiosulfate and other related chemicals in processed
photographic materials — Methods using iodine-amylose, methylene blue and silver sulfide

3 Terms and definitions

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

3.1
archival me¥ium

recording material that can be expected to retain information for ever, so that such information can btla retrieved
without significant loss when properly stored

NOTE THere is, however, no such material and it is not a term to be used in Internatiopal \Standards| or system
specifications.
3.2

emulsion layer(s)
image or imgge-forming layer(s) of photographic films, papers and plates

33
extended-tefm storage conditions
storage conditions suitable for the preservation of recorded informationishaving permanent value

34
film base
plastic suppqrt for the emulsion and backing layers

3.41
cellulose-esfter base
base for recqrd materials composed mainly of the cellulose esters of acetic, propionic, or butyric acids, gr mixtures
thereof

3.4.2
polyester base
base for recgrding materials compgsed mainly of a polymer of ethylene glycol and terephthalic acid (al$o referred
to as polyetihylene terephthalate);yor a polymer of ethylene glycol and 2,6 naphthalene dicarboxylic [acid (also
referred to ag polyethylene naphthalate)

3.5
full-reversal|processing
reversal photographic™ processing that consists of development, bleach, clear, reexposing and second
development, followed by fixing and washing

3.6
life expectancy

LE

length of time that information is predicted to be acceptable in a system after dark storage at 21 °C and 50 % RH

3.7
LE designation
rating for the “life expectancy” of recording materials and associated retrieval systems

NOTE The number following the LE symbol is a prediction of the minimum life expectancy in years for which information
can be retrieved without significant loss when stored at 21 °C and 50 % RH, e.g., LE-100 indicates that information can be
retrieved after at least 100 years of storage.

2 © 1SO 2002 — Al rights reserved
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3.8
medium-term storage conditions
storage conditions suitable for the preservation of recorded information for a minimum of 10 years

3.9

non-curl backing layer

layer, usually made of gelatin, applied to the side of the photographic film base opposite that of the emulsion layer,
for the purpose of preventing curl

NOTE 1 It is comparable to the emulsion layer in thickness and is not removed in processing.

NOTE 2  Antihalation or other layers removed in processing are excluded from this definition.

3.10
safety photographic film
photographic film which passes the ignition-time test and the burning-time test defined in ISO~18906

4 Film|base requirements

The base|used for record films, as specified in this International Standard,‘shall be of a safety pplyester or a
cellulose-gster type and can be identified by the method described in 8.1.

Some filmp on a cellulose-ester-type base can have a maximum LE rating of 100. Some films on a polyester base
can have § maximum LE rating of 500.

NOTE These limitations are based on historical experiences as discussed in the Introduction.

5 Progessed film requirements

5.1 Storage conditions

Films shall be stored under the conditions specified in ISO 18902 and ISO 18911.

5.2 Safety film

Film shall meet the requirements specified in ISO 18906.

5.3 Ampunt of free acid

The cellulpse-ester/base shall not have an amount of free acid greater than the equivalent of 0,1 njl of 0,1 mol/l
sodium hydroxide-sofution per gram of film. The amount of free acidity shall be measured in accordande with 8.3.

NOTE The degradation of cellulose-ester base is autocatalytic and proceeds rapidly when the free acid is greater than
0,5 ml of 0,[_maol/l.

The volume of 0,1 mol/l sodium hydroxide equivalent to the amount of free acid of the processed film shall not
increase by more than 0,5 ml/l over its original value after the accelerated ageing described in 8.2.

5.4 Tensile properties and loss in tensile properties

Film specimens shall be processed and dried under the conditions used for film records.
Processed films shall be tested for tensile properties as described in 8.4 and shall have a tensile stress and

elongation at break as specified in Table 1 (unheated film). The loss in tensile properties after accelerated ageing
as described in 8.2 shall not exceed the percentage specified in Table 1 (heated film).

© 1SO 2002 - All rights reserved 3
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Table 1 — Limits for tensile properties and loss in tensile properties on ageing

Film type

Tensile stress at break

Elongation at break

Unheated film

Minimum permissible tensile properties:

Heated film

Polyester base

Cellulose-ester base 80 MPa? 15 %
Polyester base 140 MPa 75 %
Maximum permissible loss in tensile properties
compgred with unheated film:
Celltilose-ester base 15 % 30 %
15 % 30 %

a 1 MPa= 108 N/m2

6 Requifements for the emulsion and backing layers of processed film

6.1 Layer|adhesion

6.1.1 Tapet}stripping adhesion

Processed film shall not show any removal of emulsion layer af,backing layer when tested as described in 8.5.

6.1.2 Humlidity-cycling adhesion

The emulsioh layer or backing layer of processed film shall not show separation or cracking that can

intended use| when tested as described in 8.6.

6.2 Emulsion flow

Processed film shall not show any~visual evidence of emulsion flow (caused by partial emulsion reme
result of accelerated ageing of the.processed film. Emulsion flow shall be determined as described in 8.7
accelerated @geing is performed.as described in 8.2.

6.3 Blocking

Processed fijm shall;show no evidence of blocking (sticking), delamination or surface damage when
described in [8.8<A(slight sticking of the film specimens that does not result in physical damage or a cha

gloss of the gurface shall be acceptable.

6.4 Thiosulfate concentration

impair its

Iting) as a

when the

tested as

nge in the

Films shall be fixed in solutions containing either sodium thiosulfate (hypo) or ammonium thiosulfate (see [10] in the
bibliography). Hypo-eliminating agents containing oxidizing agents such as peroxides or hypochlorites shall not be

used.

NOTE Hypo-eliminating agents contain chemicals, usually strong oxidizing agents, which decompose thiosulfate (see
annex B). These are to be distinguished from hypo-clearing baths, which are high ionic strength salt solutions. These facilitate
the washing of thiosulfate from the film, but do not chemically alter the thiosulfate.

© 1SO 2002 — All rights reserved
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After processing, the film shall not contain a greater concentration of residual thiosulfate calculated as thiosulfate
ions (82032*) than that specified in Table 2 when determined by one of the test methods described in ISO 18917.

NOTE Three methods for measuring residual thiosulfate-based chemicals in film are described in 1SO 18917. All three
methods are considered to be sufficiently reliable to report thiosulfate concentrations at the level of 0,014 g/m? of 82032‘. The
methylene blue method is considered to be reliable for thiosulfate concentrations of 0,007 g/m2. The methylene blue and iodine
amylose methods measure thiosulfate ions only. They are to be run within two weeks of processing. The silver sulfide
densitometric test method measures polythionate decomposition products and other residual chemicals in addition to thiosulfate.
The method may be run more than two weeks after processing. To determine thiosulfate levels accurately with this method, a
calibration curve for the particular film is necessary.

The analyfig for thiosulfate shall be made on a film specimen from a clear area and shall be made within two
weeks aft¢r processing (see annex B). The test method does not measure any change in the specimen between
the time of processing and the time of analysis, but is used to judge the keeping of the film following the time of the
test.

6.5 Redidual silver compounds

Processed film shall not show more than an increase of 0,02 in Status A blue density when tested in accordance
with 8.9 (see annex C).

Table 2 — Limits for thiosulfate concentration

Maximum permissible concentration
Film type Film classification 2 of thiosulfate ° .

g/m?

Radiographic films LE-10 0,100
LE-100 0,050

LE-500 0,020

Micfofilms LE=100 0,030
LE-500 0,014

Othler films LE-10 0,100
LE-100 0,050

LE-500 0,014

@ | LE-500 film only applies to polyester-base film.
b [Values are for each side of the film that has a photographic layer or a non-curl backing layer.
€ | The concentration of thiostlfate is expressed in grams per square metre, which conforms to Sl units.

d Very low concentrations of thiosulfate due to excessive washing may cause the silver image to be more susceptible to
oxidative attack. Thésé concentrations may be below the detection limits of ISO 18917.

¢ 10,010 g/m%¥=\lug/cm?

7 Image stability requirements

7.1 General
The specifications and test methods for image stability vary for different product types.
ISO visual diffuse density or Status A blue density shall be measured on a densitometer which has geometric

conformance to ISO 5-2 and spectral conformance to ISO 5-3. Processed film specimens shall be incubated as
described in 8.10.3.

© 1SO 2002 - All rights reserved 5
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7.2 Radiographic films

An area of unexposed processed film shall be tested. The Status A blue density change of the unexposed area
shall be no greater than 0,05 density units after incubation. This requirement shall apply to LE-10, LE-100 and
LE-500 films.

7.3 Microfilms

An area of minimum density and another area having a visual diffuse density of 1,2 + 0,1 on the processed film

specimen shall be tested.

Neither the n
units after in

7.4 Other

A minimum-g
minimum-de
incubation. T

hinimum-density area nor the high-density area shall change by more than + 0,1 visual diffu
ubation.

films

ensity area and a 1,0 + 0,1 Status A blue-density patch of processed film shall be tested. |
nsity area nor the high-density patch shall change by more than + 0,1 Status A blue density
his requirement shall apply to LE-10, LE-100 and LE-500 films.

se density

\either the
units after

8 Test methods

8.1 Identification of film base

Remove all emulsion and backing layers from a specimen of ‘unknown film, either by scraping or by the use of
enzyme solution. Then remove all sublayers by scraping.

Prepare a specimen of the base material by scuffing_the surface with a suitable tool, such as a razor blade. The

general proc
slight pressu

Mix the sped]
a strip or pel

edure is to move the scuffing device back*and forth over the specimen manually while exer
re. This removes the top layer of the base as a very fine dust. Carefully brush this into a mor

men with about 100 times its mass of potassium bromide, previously ground to about 75 urn
et as described in [11] in the-bibliography.

Obtain an infrared (IR) absorption curve’ from the prepared pellet by means of an infrared-absorption spe

By comparin
can be estab

ished (see [12] in-the bibliography).

ing a very
ar.

n. Prepare

ctrometer.

j the IR absorption curve for the unknown with curves for known polymers, the identity of th¢ unknown

NOTE It s difficult, although not impossible, to distinguish between cellulose acetate, cellulose-acetate propionate and
cellulose-acetate butyrate bases by this method, but such separation is not necessary for the purpose of this Ipternational
Standard.

8.2 Accelprated-ageing conditions

Processed film shall be subjected to accelerated-ageing conditions to meet the requirements for an increase in the
amount of free acid, loss in tensile properties and emulsion flow.

Test specimens shall be conditioned at (23 + 1) °C and (50 + 2) % RH for at least 15 h. After conditioning, place the
specimens in a moisture-proof envelope and heat-seal the envelope. To prevent sticking between adjacent
specimens, it may be necessary to interleave them with polytetrafluoroethylene or uncoated polyester. Ensure a
high ratio of film to air volume by squeezing out excess air prior to heat-sealing. Use a separate envelope for each
film specimen. Double bagging is recommended to reduce any effect of pinholes in the envelopes. Heat the
envelopes in an oven for 72 h at (100 + 2) °C.

NOTE 1 A suitable moisture-proof envelope is a metal-foil bag that is coated on the inside with polyethylene for heat-sealing.

© 1SO 2002 — All rights reserved
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NOTE 2  Incubation is accomplished in a closed environment to prevent escape of any acid that may be produced during
incubation. Such acid may catalyse further film-base degradation.

An alternative method of incubating the specimens in a closed environment is by placing them in 25 mm
borosilicate-glass tubes (see [13] in the bibliography). Each tube shall have two flanged sections separated by a
gasket to provide a moisture seal and shall be held together by a metal clamp. Sufficient film specimens shall be
used to provide a high ratio of film to air volume.

NOTE 3 A suitable inert gasket can be made from polytetrafluoroethylene.

NOTE 4 In the text, specimens subjected to these accelerated-ageing conditions are designated “heated film”. Comparison
specimens kept at room conditions are designated “unheated film”.

8.3 Detprmination of the amount of free acid

8.3.1 Specimen preparation

Cut each [specimen, including the emulsion layer and all coatings, into small pieces and accuratgly weigh the
specimen prior to dissolving it in the appropriate solvents.

Measurenlents shall be made on two unheated and two heated specimens of itmaged film that weigh gpproximately
1 g to 2 g pach. Weigh the specimens to the nearest 0,01 g. Heat the films{n accordance with 8.2.

8.3.2 leution preparation

Immerse the film specimens in 100 ml of either distilled or deionized water. Allow the film to soak in [the water for
24 h at 38|°C with continuous moderate stirring. Filter the solution to remove film particles. It is importgnt to remove
emulsion particles because gelatin is amphoteric and can distort the results. Cool the solution to room femperature.

8.3.3 Titration

Titrate the|solution with 0,1 mol/l sodium hydroxide using metacresol purple as an indicator. Also, carry out a blank
titration on the same distilled or ionized water used in 8.3.2. For titration of specimens whose agidity level is
equivalen to 1 ml of 0,1 mol/l NaOH or’less, it is more accurate and convenient to use a mig¢roburet with
graduatior}s of 0,01 ml. For specimens.with higher acidity levels, a conventional buret can be employed.

8.3.4 Calculation

The amount of free acid, 4 expressed in equivalent millilitres of 0,1 mol/l sodium hydroxide per gram|of film base,
is calculatgd as follows for. each specimen:

I's —VB)at
0,1 i

Vg is the volume, in millilitres, of titrant used for the specimen;,
Vg is the volume, in millilitres, of titrant used for the blank;
¢y is the concentration, in moles per litre, of the titrant;

m is the mass, in grams, of the specimen.

Carry out the titration in duplicate on separately prepared solutions. The average amount of free acid for the
unheated and heated film specimens shall be calculated and reported separately.

© 1SO 2002 - All rights reserved 7
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8.4 Tensile property test for processed film

8.41

Specimen preparation

Processed film already in 16 mm format may be tested in this width. In the case of perforated 16 mm film,
specimens shall be cut from the area between the perforations. Film in other sizes shall be cut into sections 15 mm
to 16 mm wide and at least 150 mm long, using a sharp tool that does not nick the edges of the specimen.

Five specimens are required for unheated film and five specimens for heated film. The specimens to be heated and
control specimens shall be cut alternately and contiguously from a single piece of film.

The thicknesps of each specimen shall be measured with a suitable gauge to the nearest 0,002 mm and, the width to

the nearest
8.4.2 Acce
Five specime
8.4.3 Cond

All specimen
15 h. This cq

Specimens {
velocity shall

8.4.4 Procedure

Film specimg
The tensile
alternately b
and the rate

The tensile s
8.5 Tape-
8.5.1 Spec

Although the|
Four specim

8.5.2 Cono

stripping adhesion\test

,(1 mm.

erated ageing
ns shall be subjected to accelerated ageing as described in 8.2.
itioning

s, both unheated and heated, shall be conditioned at (23 =+ 1)C*and at (50 + 2) % RH f
n be accomplished by means of an air-conditioned room or a eonditioning-air cabinet.

hall be supported in such a way as to permit free circdlation of air around the film. The
be at least 150 mm/s.

ns shall not be removed from the conditioning atmosphere for testing.

stress and per cent elongation at break of unheated and heated film specimens shall
means of a tensile machine, as specified in ISO 527-3. The initial grip separation shall b
bf grip separation shall be 50 mm/min.

fress and per cent elongationyat break shall be calculated separately for unheated and heate

men preparation

dimensionsfof the processed-film specimen are not critical, one dimension shall be at lead
bns shall-be used for the emulsion surface and four specimens for the backing layer, if prese

pr at least

linear air

be tested
e 100 mm

d film.

t 150 mm.
ht.

itioning

Specimens s

hall be conditioned as described in 8.4.3.

8.5.3 Procedure

Film specimens shall not be removed from the conditioning atmosphere for testing.
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Apply a strip of pressure-sensitive, plastic-base adhesive tape!) about 150 mm long to the surface of the processed
film. Press the tape down with thumb pressure to ensure adequate contact, leaving enough tape at one end to
grasp. No portion of the tape shall extend to the edges of the film specimen or extend to the film perforations.

Hold the specimen firmly on a flat surface and remove the tape rapidly from the film surface. This shall be
accomplished by peeling the tape back on itself and pulling the end so that it is removed from the film at an angle
of approximately 180°. Removal by the tape of any portion of the surface layer on any of the specimens shall be
considered failure.

The results of the tape-stripping test may be very dependent upon the adhesive tape used if the bonding force
between it and the partlcular film surface under test is not suff|C|entIy high. For thls reason, a minimum bonding
force is speeifiedfor-this—test—Fhis—bending e to the film
surface in|the same manner as descrlbed in the tape str|pp|ng test. The tape shaII be rapldly peeled Rack from the

ck force required to separate the tape from the film shall be measured by a suitable devige, such as a
strain gauge or spring scale capable of reading the maximum force used. A bonding foreg of at least{0,9 N/mm of

idity-cycling adhesion test
ecimen preparation

Two specimens of processed film shall be selected from an area ofthigh-silver density. The specimehs should be
50 mm x §0 mm or 50 mm long x the film width, but the dimensiéns' are not critical provided all spedimens are of
uniform size.

8.6.2 Procedure

Mount the|test specimens in a specimen rack and place them in a glass laboratory-desiccator jar in sugh a way that
they are fieely exposed to the required conditioning”atmosphere. Place the jar in a forced-air circuldting oven for
8 h at (50« 2) °C. The atmosphere within theljar shall be maintained at 96 % RH, which can be|obtained by
keeping a|saturated solution of potassium sulfate in water (see [14] in the bibliography) in the bottom of the jar.

NOTE 1 Relative humidity is based on’the normal vapour pressure of the salt solution, but RH toleranges cannot be
specified.

Take carg to ensure that the- saturated solution contains an excess of undissolved crystals at $0 °C. Some
undissolvgd crystals shall be above the level of the saturated-salt solution, and the surface area of the solution
should be|as large as practical. To ensure adequate equilibrium, the jar and salt solution shall be kept at 50 °C for
at least 2( h prior to use.

After 8 h, place the.specimens and specimen rack for 16 h in a second desiccator jar that is also in th¢ same oven.
The atmogphere,within the second jar shall be maintained at 11 % RH, which can be obtained by keeping a
saturated polution of lithium chloride in water (see [14] in the bibliography) in the bottom of the jar.

Alternatively, the temperature and humidity conditions can be achieved by means of conditioning-air cabinets or air-
conditioned rooms.

Time periods of 8 h at the high humidity and 16 h at the low humidity constitute one cycle. Each film specimen shall
be subjected to 12 humidity cycles. After this, remove the film specimens from the specimen rack and examine the
emulsion and any backing layer for evidence of peeling, flaking or cracking produced as a result of the humidity-
cycling treatment.

1) An example of a suitable tape available commercially is 3M tape No. 610. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of this product. Equivalent products may be
used if they can be shown to lead to the same results.
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NOTE 2

11 % RH jar in the evening.

NOTE 3

This can be most easily accomplished by placing the specimens in the 96 % RH jar in the morning and in the

Films may sometimes exhibit what appear to be small pinholes in the image after processing. These can be caused

by dirt or dust particles on the emulsion surface at the time the raw film is exposed and should not be confused with holes or
cracks in the emulsion layer. The existence of such pinholes in the image prior to humidity cycling should be noted so that their
presence does not lead to a false interpretation of adhesion weakness.

Film shall be examined under magnification and lighting conditions that are normal for the end use of the product.
During an interruption in the cycling procedure, film specimens shall be kept at (50 + 2) °C and 11 % RH.

8.7 Emulsion-flow test

Measuremer
photographid

Subject the
photographid
examination

8.8 Block

At least five
size is 50 mr

Place the sp
atmosphere
A relative hu

[15] in the bibliography) in water at the bottom of the jar.

NOTE TH
11 % RH jar in

Take care t
undissolved
should be ag
for at least 2

After moistur
jar, stack at
adjacent sp¢
weight on th
containing th

Alternatively,
conditioned 1

ts shall be made on two heated specimens of processed film. Each specimen (shall
image of a grid pattern or of printed material.

film specimens to accelerated ageing as described in 8.2. After incubation;yvisually ex
images on the heated specimens for any image change caused by flow of the emulsion.
can be facilitated by comparison with the images on unheated specimens.

ing test

specimens of processed film shall be conditioned at (40 + 2) °€and 62 % RH. The preferred
h x 50 mm, but the dimensions are not critical provided all specimens are of uniform size.

bcimens in a glass laboratory-desiccator jar so that they“are freely exposed to the required ¢
for at least 15 h. Place the jar containing the specimens in a forced-air circulating oven at (
midity of approximately 62 % can be obtained by keeping a saturated solution of sodium

is can be most easily accomplished by placing the specimens in the 96 % RH jar in the morning
the evening.

b ensure that the saturated solution® contains an excess of undissolved crystals at 40
crystals shall be above the level of the saturated-salt solution, and the surface area of tf

large as is practical. To ensure adequate equilibrium, the jar and salt solution shall be ke
) h prior to use.

e equilibrium is attainéd) remove the jar from the oven. Without removing the film specimen
east five specimens-So that the emulsion surface of one specimen is against the back sur
cimen. Place the“stack under a uniform pressure of 35 kPa. This can be accomplished by
e film stack, the/dimensions of the weight being greater than those of the film specimer
e weighted stack shall be put back into the forced-air circulating oven for 3 d at 40 °C.

the temperature and humidity conditions can be achieved by means of conditioning-air cabi
ooms!

contain a

amine the
[his visual

specimen

pnditioning
10 + 2) °C.
nitrite (see

and in the

°C. Some
e solution
bt at 40 °C

s from the
ace of the
placing a
s. The jar

hets or air-

Remove the

| +. le £ o ol 1 H L 1ol il U EYN £11 H £ +h
T otaUN TTUTTT UTS UVTTT altu difuvww 1t LU CUUL. TTIAIvVIiuuany 1Cimove uic T opTUNTICTio TTUrtT i

observe each for evidence of film blocking (sticking) [see 6.3].

8.9 Resid

ual silver compound test

stack and

Two specimens of processed film of any available size shall be tested on both sides. These specimens shall be
taken from the end of the processing run. Blot the film dry, if necessary, and spot a clean image-free area with a
freshly prepared 0,2 % aqueous solution of sodium sulfide. After 3 min, wash away or blot up the reagent.

If there is more than a barely perceptible tint, a reference specimen shall be prepared. The reference specimen
shall be:

of the same film type, preferably the same lot;
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(Na,S,05 - 5H,0);

fixed successively for 5 min in each of two duplicate fresh fixing baths containing 240 g/l of sodium thiosulfate

washed for 30 min in running water that is flowing at a rate that will fill the vessel once every 5 min.

Air-dry the film and test it with the sodium sulfide solution as stated in the previous paragraph. Any stain in the test

specimen

greater than that of the reference specimen is an indication of residual silver salts.

8.10 Image-stability test

8.10.1 Sp

ecimen preparation

Specimen
types. An
for roll-filr

5 of film shall be exposed to the specified densities as indicated in Table 3. These differ for
pppropriate specimen size is 50 mm x 50 mm for sheet-film products or 50 mm in length x
products.

8.10.2 Cgnditioning

All specim|
by means

Specimen
around thg

Heat-seal
recommer

8.10.3 Ing

Film speci
conditions

8.10.4 Me

ens shall be conditioned at ambient temperature and 60 % RH for at least™8 h. This can be 2
of an air-conditioning room or a conditioning-air cabinet.

5 shall be supported in the conditioning-air cabinet in such a\way as to permit free circ
film. The linear air velocity shall be at least 150 mm/s.

the film in a moisture-proof metallic-foil envelope after the-air has been squeezed out. Doub
ded to reduce any effect of pinholes in the bags.

ubation

mens shall be incubated at the temperatures and times specified in Table 3. A description
were chosen is given in annexes D, Ednd F.

asurements

Both beforte and after incubation, microfilms shall be measured for visual diffuse density and all other

measured

Densities
conformari

for Status A blue density!

shall be measured”’on a densitometer having geometric conformance to I1SO 5-2
ce to ISO 5-3. Specimens shall meet the density criteria given in 7.2 to 7.4.

Table 3 — Conditions for image-stability test

different film
he film width

ccomplished

ulation of air

le bagging is

pf how these

film shall be

and  spectral

Incubation conditions
Film t Speci densit Film
fim type pecimens density classification Time Temperature | Humidity

d °C %
Radiographic films Unexposed area LE-10 14 68 60
LE-100 14 77 60
LE-500 14 85 60
Microfilms Area of minimum density and LE-100 14 60 60
D=12+0,1 LE-500 30 60 60
Other films Unexposed area and LE-10 7 60 60
D=1,0+0,1 LE-100 14 60 60
LE-500 30 60 60
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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 to {he 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 Table A.1.
Table A.1 — New ISO numbers
Current ISQ . New ISO
Title
number number
10602 Photography — Processed silver-gelatin type black-and-white. film — Specifications for 8901
stability
10214+* Imaging materials — Processed photographic films, platés and papers — Filing enclosures 8902
and storage containers
6221 Photography — Films and papers — Determination of dimensional change 8903
5769+ Imaging materials — Processed films — Method for determining lubrication 8904
8225 Photography — Ammonia-processed diazo photographic film — Specifications for stability 8905
543 Imaging materials — Photographic¢ films — Specifications for safety film 8906
6077+ Imaging materials — Photographic films and papers — Wedge test for brittleness 8907
8776% Imaging materials — Phetegraphic film — Determination of folding endurance 8908
10977 Photography — Processed photographic colour films and paper prints — Methods for 8909
measuring image stability
4330+ Imaging materials — Photographic film and paper — Determination of curl 8910
5466+ Imaging materials — Processed safety photographic films — Storage practices 8911
9718 Photography — Processed vesicular photographic film — Specifications for stability 8912
— Imaging materials — Glossary of terms pertaining to stability 8913
— Imaging materials — Photographic film and papers — Method for determining the 8914
resistance of photographic emulsions to wet abrasion
12206+ Imaging materials — 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
enclosure materials
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 Imaging materials — Processed photographic plates — Storage practices 18918
— Imaging materials — Thermally processed silver microfilm — Specifications for stability 18919

12
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Table A.1 (continued)

reflection prints — Specifications for dark storage

Current ISO . New ISO
Title
number number
6051 Imaging materials — Processed photographic reflection prints — Storage practices 18920
— Imaging materials — Compact discs (CD-ROM) — Method for estimating the life 18921
expectancy based on the effects of temperature and relative humidity
— Imaging materials — Processed photographic films — Methods for determining scratch 18922
resistance
— Imaging materials — Polyester-base magnetic tape — Storage practices 18923
— Imaging materials — Test method for Arrhenius-type predictions 18924
— Imaging materials — Optical disc media — Storage practices 18925
— Imaging materials — Magneto-optical (MO) discs — Method for estimating(the life 18926
expectancy based on the effects of temperature and relative humidity
— Imaging materials — Recordable compact disc systems — Method for estimating the life 18927
expectancy based on the effects of temperature and relative humidity
1033 Imaging materials — Unprocessed photographic films and papers —(Storage practices 18928
— Imaging materials — Wet-processed silver-gelatin type bla¢k-and-white photographic 18929

*  This dgcument has already been replaced by an International Standard with thesnew ISO number.
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Annex B
(informative)

Washing and the effect of residual thiosulfate on the developed silver image

NOTE

those complexed with silver.

The term “residual thiosulfate” is used in this annex to include its decomposition products, polythionates, including

The preservation of silver-gelatin-type photographic film is dependent on the products that are still pr¢sent after

washing. Th
Water used 1
pure enough

maximum content of residual thiosulfate and residual silver compounds is specified_in\6-
or washing should be colourless and free from substances in suspension. Drinking water is
for washing purposes.

The temperajture of the water used for washing should be maintained between 15 °C and 25-°C as this i

suitable and
in the rate

temperatures
provided tha
automatic m
temperature

lon-exchang

strikes a balance between the danger of swelling introduced by higher temperatures and the
pf solubility of the salts being removed at lower temperatures. Some’ films can toler

4 and 6.5.
generally

5 generally
decrease
bte higher

. Washing in well-agitated running water for 15 min at a temperature 0f-20 °C is generally satisfactory,

the films are not in contact with one another and that water is renewed at their surface
achines (droplet jets, etc.), the washing time is shorter and _the water temperature is h
pf the water used for washing should be within 3 °C of the temiperature of the developer.

b washing accelerators may be used. For instance, films.may be soaked in a bath containir

anhydrous s¢dium sulfite before washing.

Excessive th

yellow-b
bleachin

increase

osulfate ions retained by the film produce one orsnore of the following phenomena:
rown discolouration in the low-density areas of the film;
g or loss of density in the image areas;

in density of the image areas (see [5], [6] in the bibliography).

The test for fesidual thiosulfate ions is,specified to be made on non-image or clear areas of the film becg

where the th
over a period

Tests have s
incubations 4
the incubatio
storage cond

The amount

osulfate ion concentration,/ as measured by the methylene blue method, will not change 3
of two weeks.

hown that, evep-at-fairly high levels of residual thiosulfate ions, adverse changes are quite
t 60 % RH. Theimits of residual thiosulfate ions permitted in this International Standard arsg
hs describedin annexes D, E and F and are sufficiently low to minimize changes under reca
itions.

of ‘thiosulfate ions retained in a processed film is dependent to a considerable degr

For most
gher. The

g 20 g/l of

use this is
ppreciably

jradual for
based on
mmended

be on the

composition

of-the fixing bath (see [16], [17] in the bibliography). Acid-hardening fixing baths (whi

Ch contain

aluminum salts) condition the gelatin in the emulsion so that the thiosulfate ions are retained more tenaciously than
in a non-hardening bath. However, a non-hardening fixing bath should be used with caution because the gelatin
may become soft. Ammonia or hypo eliminators which contain oxidizing agents (such as hypochlorite and
peroxides) should not be used.

The degree of change that can be tolerated in films depends upon their intended use. For textual records, legibility
can be the sole consideration. For picture records, even a slight amount of discolouration or bleaching, particularly
if non-uniform, can be unacceptable. It is believed that the residual thiosulfate ion level specified provides a
sufficient margin of safety for all levels of life expectancy under the storage conditions specified in ISO 18911.

14 © 1SO 2002 — Al rights reserved


https://standardsiso.com/api/?name=94200ca1ef008a4cdd00f5232c45def0

ISO 189

Annex C
(informative)

01:2002(E)

Effect of residual silver compounds on the developed silver image

Residual silver compounds and complexes are an important cause of image layer degradation in aged
photographic films. Silver ions from the complex ions can combine with the sulfur produced by decomposition of the

thiosulfate

ions or can react with atmospheric contaminants to produce discolouration.

At the prepsent state of knowledge, it is not possible to specify a safe maximum for residual silven'c
quantitative terms. However, it is believed that the quantity of residual silver compounds will bg satisf
sses the test for residual silver compounds specified in 6.5. Thorough washing of\the film {o reduce the
inds.

the film pa

residual thiosulfate ion level also has the important effect of reducing the level of residual sjlver compo

To ensurd
fraction) in

case of a path containing ammonium thiosulfate [(NH4),S,03]. In order to minimize in microfiims defe
“ageing blemish microspots”, the iodide content (as Kil) in the fixing bath for sich products shall be be
and 0,5 g/|.

A high comcentration of silver complexes in the fixing bath, oxidants:in‘the water used for washing ar
that provide an unclean atmosphere or impart a case-hardening effect on the emulsion arg considered
undesirable factors in the processing of film.

conditions

© 1SO 2002 — All rights reserved

bmpounds in
actorily low if

that the fixing bath is suitable, it is recommended that the amount of silver be less than|0,5 % (mass
the case of a bath containing sodium thiosulfate (Na,S,03), or less¢than 0,8 % (mass fraction) in the
Cts known as
tween 0,1 g/l

d film-drying
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Annex D
(informative)

Accelerated image-stability test for radiographic films

The experimental method used to derive the residual thiosulfate ion levels and film lifetimes is based on data that

appearin [7]

in the bibliography.

Eight radiognaphic films were exposed and processed in suitable processors by adding various amountg of fixer to
the wash tanks of the processors. This non-recommended processing cycle yielded processed film-spec|mens with
a wide rangg of residual thiosulfate levels. The methylene blue method described in ISO 18917 wds used to
measure resjdual thiosulfate levels. The processed film specimens were incubated for a series of times in dark
chambers at|60 % RH and temperatures from 93 °C to 52 °C. All specimens were hung freely’in chambers where

both temperature and humidity were controlled. Status A blue density measurements wereymade befor:

the keeping

Status A blu
sensitive to i
by people wi
blue density
time to prodd

The logarithr
reciprocal of|
showed dens

Extrapolatiorn
temperature

are conservative and are based on extrapolationstof the experimental data. The limits are also co

because the
for radiograp

The incubati
mentioned p

eriods for all specimens.

b density change in the area of minimum density was shown to be the-Sensitometric paran
ncreasing residual thiosulfate ion levels. Practical radiographs that iad been incubated were
th experience in X-ray diagnosis. They concluded that a yellow=brown stain increase of 0,0
units would be just noticeable to a diagnostician. For each film.and for each temperature, t
ce this sensitometric change was determined for each residual thiosulfate ion level.

h of the time for the stain build-up to occur for eachgncubation temperature was plotted &
ity change.

down to a room temperature of 23 °C indicated the time for the stain build-up to occur
storage at 60 % RH. The results of these ‘extrapolations justify the limits specified in Table 2

experiment was carried out at 60 % RH, which is higher than the maximum recommended s
hic film.

bn criteria for the acceleratéd)tests given in 8.10 were based on results of the eight radiogr

and after

neter most
examined
b Status A
he storage

gainst the

the thermodynamic (absolute) temperature. Curves.are plotted in Figure D.1 for experimgnts which

for room-
The limits
nservative
torage RH

bphic films

eviously. The times were\based on the least stable of these films and are conservative estinjates.
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Residual thiosulfate ions: * 0,035 g/m?

10
10
10 { £,®
i /9185 71 68 60 23 °C
I' II 'I | I ! : ! | ! | ! | ! I 1
2 2,8 2,9 3,0 3,1 3,2 34 35
1000/T
NOTE Temperatures have-been plotted as reciprocals of thermodynamic temperatures, T (in kelvins).

A 0,11 g/m?

s 0,30 g/m?
%) 10° E 12 /
g g / /
5 1000 g /
5 5 /
£ £ / /
s 100 5 /
) ) /,/ v
= 10 S
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.qé 10% - .qé / /
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Figure D.1 — Time versus temperature for radiographic films
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Annex E
(informative)

Accelerated image-stability test for microfilms

The experimental method used to derive the residual thiosulfate ion levels and film lifetimes is based on data that

appear in [8]

Ten microfilmis were exposed and processed by adding seasoned fixes to a stagnant wash in the wash

processor. T
thiosulfate io
ISO 18917 w
series of tim
freely in chs
before and a

The density
change by m

The logarithr
reciprocal of
ion levels we
enough to pl

Extrapolatiorn
density chan
limits are al
maximum re

in the bibliography.

his non-recommended processing cycle gave processed film specimens with a wide rahge

as used to measure residual thiosulfate ion levels. The processed film specimens Wwere incu
es in dark chambers at 60 % RH and temperatures from 32 °C to 77 °C. All-specimens
mbers where both temperature and humidity were controlled. Density méasurements w
ter the keeping periods for all specimens.

change criteria specified in 7.3 were used. A low-density patch and“a”1,2 density patch
ore than 0,1 density units. (This level of change is greater than the measurement error.)

h of the time for a 0,1 density unit increase for each incubafion temperature was plotted
the thermodynamic (absolute) temperature, using the approach of Arrhenius. Although the
re as high as 0,15 g/m2, only the film at the lowest thiosulfate ion level for one of the product
bt (see Figure E.1).

of high-temperature data down to a room temperature of 23 °C indicated that the timg
ge at 60 % RH exceeded 1 500 years. Therefore the limits specified in Table 2 are conser
50 conservative because the experiment was carried out at 60 % RH and this is highe
commended storage RH for microfilm.

ank of the
pf residual

h levels with values from less than 0,003 g/m? to 0,15 g/m2. The methylene blue method déscribed in

pated for a
were hung
ere made

should not

versus the
thiosulfate
5 changed

for a 0,1
ative. The
r than the
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