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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

Electrotechni

International

cal Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an

International

Attention is ¢

rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 18929 W

This second

Standard requires approval by at least 75 % of the member bodies casting a vote.

rawn to the possibility that some of the elements of this document may be the.subject of gatent

as prepared by Technical Committee ISO/TC 42, Photography.

pdition cancels and replaces the first edition (ISO 18929:2003), whichthas been technically reyised.
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Introduction

Black-and-white silver-gelatin fibre-base papers have been importantimaging materials for well over 100 years.
Reflection prints, made with such papers, have become increasingly important pictorial and documentary
records that are housed in many libraries, archives, museums, universities and other public and private
institutions. Although the intrinsic stability of properly processed and stored silver-gelatin prints is very good,
there are internal and external factors that can cause degradation of such prints during storage and shorten
their useful life. This International Standard provides specifications for tests that evaluate the stability of black-
and-white silver-gelatin prints under prescribed storage conditions. It does not cover tests for the possible

harmful effects of extended exposure to light.

Blach
layer,
histo
resin
[12],

Thei
layer
refleg
type

sides
pigm

coun

Prints
expe
lack
(see

Prints
lower
other
stabil
silver

This |nternational Standard only.applies to prints in dark storage since an applicable test for light-in|

deter
pape
very
(see

The i
silver
chen

-and-white prints are laminates, whose main components are a paper base, a white opaquie
an image layer, and a protective layer. Paper has been used as a support for prints singe abg
y of its evolution into a very stable, high alpha-cellulose type fibre-base in the 1920s andto a
Lcoated (RC) paper base in the 1960s has been covered extensively in the literature(see Re
13], [14] and [15]).

htermediate, white opaque layer can be of two types. For fibre paper, since-the 1880s it has b
containing white barium sulfate pigment (baryta layer) and other additives that enhancs
tivity, hardness, holdout, adhesion and surface characteristics (glossy, matte, textured).
came into use in the 1960s with the introduction of an RC base. This has a paper core cg
with water-impermeable extruded polyethylene layers. Thestep layer contains white tita
bnt that provides higher reflectivity than barium sulfate; the battom layer is transparent and

eract the curl induced by the emulsion, which is coated onh.top of the pigmented layer.

5 on fibre paper have the advantage of having demofstrated long-term stability from year
rience in both dark storage and in reasonable display conditions. Proper processing and ¢
bf contamination are important. Diluted toning solutions have been used successfully to enh
Annex A).

on an RC paper base offer the advantages of higher wet strength, reduction in washing and
consumption of processing chemicals(better dimensional stability, lower curl, and freedom fro
effects of differential shrinkage. As(with fibre-base materials, toning has been used successful
ty. However, they can suffer from stability-related problems such as light-induced image d
mirroring, yellowing and cracking of the polyethylene layer (see References [16], [17], [18] an

oration has not been ‘agreed upon. One reason for this has been that different brands of R
rs manufactured at\different periods, have exhibited widely varying stability characteristics
difficult to reconcile all of the observed differences in behaviour in a relatively simple stan
Annex B).

Image layer’ of most black-and-white prints is a gelatin coating containing a dispersion of |

ical'processing. Gelatin is a natural polymer that has been the preferred binder for photograg
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halide,crystals that are selectively converted into metallic silver grains by an image-forming ¢xposure and

hic materials

since

the 1880s because it has proven to be the best protective colloid for the precipitation

growth and

controlled suspension of silver crystals and for the formation of a dry, flexible image layer during a subsequent
coating operation. Gelatin also can be hardened to reduce its swelling and susceptibility to physical damage,
without blocking the absorption and desorption of aqueous processing solutions required for image formation
and removal or stabilization of chemical by-products (see References [20] and [21]).

Converting the metallic silver to a complex or pre-oxidized form of silver will improve image stability. Many toner
solutions have been designed to accomplish this, such as selenium, sepia, gold, brown and poly-toners. For
example, in the case of sepia toner treatment, the silver is converted from oxidizable metallic silver to a stable
silver sulfide.

The storage stability and useful life of reflection black-and-white prints depends on their physical and chemical
properties, as well as on the conditions under which they are stored. For many years, the term “archival
medium” was used to designate a recording material that can be expected to retain information forever so that
it can be retrieved without significant loss when properly stored. However, there is no such material and it is a

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=057ec5c1d8115febc385eab6840f2359

ISO 18929:2012(E)

term no longer employed for material or systems specifications of International Standards. Another reason for
abandonment of the term is the multiplicity of meanings that it acquired over the years, ranging from “preserving
information forever” to “temporary storage of actively used information”. The unambiguous term used in this
International Standard is “life expectancy” (LE), defined as the length of time that information is predicted to be
retrievable in a system after storage. For example, a designation of LE-100 indicates that the information can
be retrieved without significant loss after at least 100 years. Reflection prints are classified according to their
LE designation in this International Standard.
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Imaging materials — Wet-processed silver-gelatin type black-
and-white photographic reflection prints — Specifications for
dark storage

1 Scope

This
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International Standard establishes the specifications for silver-gelatin photographic refl
Hed for dark storage. It covers silver-gelatin print types of all weights.

International Standard applies to wet-processed black-and-white silver-gelatipyphotogr
ling those that have been chemically treated (with a gold, selenium, sulfur, or dther chemi
to improve the permanence of the silver image. It also applies to silver-gelatin prints prd
bath, which includes thiosulfate as a fixing agent followed by a conventional‘'wash.

International Standard is not applicable to instant black-and-whitesphotographic prints,
ssed black-and-white prints (those where the undeveloped silver halide has been chemica

and not removed), or thermally processed black-and-white prints. If’/does not apply to colour ¢
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graphic prints, nor to prints that have been processed by a ménobath using other than a thi
solution, or prints where the silver salts are rendered more Soluble by means other than thi

hated and adhesive mounted reflection prints, prints on poly (ethylene terephthalate) suppo
ave been displayed are also excluded from this International Standard.
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3 Terms and definitions

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

341

archival medium
material that can be expected to preserve images forever, so that such images can be retrieved without
significant loss when properly stored

NOTE

forim

© 18O

aging materials or system specifications.
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3.2
emulsion

image or image-forming layer(s) of silver halide photographic films, papers, and plates

3.3

life expectancy

LE
rating for the

NOTE 1

life expectancy of recording materials and associated retrieval systems

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 in the conditions defined in the relevant standards. For

example, LE-1

00 indicates that the information can be retrieved after at least 100 years storage.

NOTE2  Th
ISO 18902 an

3.4

reflection p
white, opaqu
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3.5

e actual useful life of black-and-white paper is very dependent upon the existing storage condition
H ISO 18920).

fint support
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treated silver image

silver image

that has been given a specific treatment, either during or aften processing, to modify colg

increase stalbility

4 Safety

4.1 Hazar

Some of thsg

and operational precautions

d warnings

chemicals specified in the test procedures are caustic, toxic, or otherwise hazardous.

laboratory practice for the handling of chemicals, requires the use of safety glasses or goggles, and in

cases other
giveninthet
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The first tim4
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Detailed wa

protective apparel, such as rubber-gloves, face masks and aprons. Specific danger notice
bxt and footnotes for particularly dangerous materials, but normal precautions are required d
nce of any chemical procedure at all times.

b that a hazardous materiab is noted in the procedures, the hazard will be indicated by the
bllowed by a symbol cansisting of angle brackets “()” containing a letter that designates the sp
Lible bracket “(( ))” willhe used for particularly perilous situations. In subsequent statements invg
nese hazardous-iaterials, only the hazard symbol consisting of the brackets and letter(s) w
rthermore, fora\given material, the hazard symbols will be used only once in a single parag

ing symbols' will not be used for common organic solvents when used in quantities of lesg
they.are particularly hazardous.
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Employers shall provide training and health and safety information in conformance with legal requirements.

The hazard code system used in this International Standard is intended to provide information to the users and
is not meant for compliance with any legal requirements for labelling, as these vary from country to country.

It is strongly recommended that anyone using these chemicals obtains pertinent information from the
manufacturer about the hazards, handling, use and disposal of these chemicals.

4.2 Hazard information code system

B
©)

2

Harmful if inhaled. Avoid breathing dust, vapour, mist or gas. Use only with adequate ventilation.

Harmful if contact occurs. Avoid contact with eyes, skin or clothing. Wash thoroughly after handling.
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(F) Will burn. Keep away from heat, sparks and open flame. Use with adequate ventilation.
(O) Oxidizer. Contact with other material may cause fire. Do not store near combustible materials.
(S) Harmful if swallowed. Wash thoroughly after handling. If swallowed, obtain medical attention immediately.

) May be fatal if swallowed. If swallowed, obtain medical attention immediately.
4.3 Safety precautions

4.3.1 All pipette operations shall be performed with a pipette bulb or plunger pipette. Failure to observe this
warnjng notice can result In cyanide poisoning. This IS a critical saiety warning.

4.3.2|Digestion procedures shall be performed in an exhaust hood. Hydrogen cyanide or other'toxit substances
can Qe evolved.

4.3.3| Safety glasses shall be worn for all laboratory work.

4.3.4{ Cyanogen iodide (CNI) may be detoxified by treatment with sodium, hypochlorite.

5 Requirements for physical stability of prints

5.1 |Wedge brittleness

Uningubated RC paper shall not show a paper crack vValue greater than 12 mm when tested as described
in 8.1.4. Incubated RC paper shall not show an increase in the paper crack value greater than {14 mm when
incubated as described in 8.1.2 and tested as described in 8.1.4.

The fest is not run on unincubated fibre paper. ificubated fibre paper shall not show a crack valug greater than
14 mm when incubated as described in 8.1¢2'and tested as described in 8.1.4.

5.2 [Tensile energy absorption (see Annex C)

Fibre| paper and RC paper shall>nrot show a decrease in tensile energy absorption (TEA) great¢r than 50 %
wher| incubated as described, in"8.2.2 and tested as described in 8.2.4.

5.3 |Resin crackingof RC papers (see Annex D)

After| 30 days, processed RC papers shall not show any evidence of resin cracking whegn tested as
descfibed in 8.6.5.

6 Reguirements for processed image stability (see Annex E)

6.1 Residual thiosulfate concentration

Prints shall be fixed in solutions containing either sodium thiosulfate (hypo) or ammonium thiosulfate. After
processing, fibre-base and RC-base black-and-white prints shall not contain more than 0,014 g/m? of residual

thiosulfate [calculated as thiosulfate ions ( szog— ) when measured by the iodine amylose method in ISO 18917].
NOTE 1 The concentration of thiosulfate is expressed in grams per square metre (g/m2), which conforms to Sl units.
NOTE2 0,010 g/m2 =1 ug/cmZ2,

NOTE 3 A very low concentration of thiosulfate due to excessive washing may cause the silver image to be more
susceptible to oxidative attack. These concentrations may be below the detection limit of ISO 18917.

© 1S0O 2012 — All rights reserved 3
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Three methods for measuring residual thiosulfate levels are described in ISO 18917, i.e. the iodine amylose,
methylene blue, and silver sulfide densitometric test methods. All of them are considered sufficiently reliable
to determine thiosulfate concentrations at the 0,014 g/m? level, but only the iodine amylose method has been
found to give reliable results with all types of fibre-base and RC prints. Therefore, it is the only method chosen
for this International Standard.

The iodine amylose method measures only the concentration of thiosulfate ions. It can be run up to two weeks
after processing, but the analysis shall be carried out with eluent obtained from a minimum density area of the
processed print. It is only in such areas that the thiosulfate concentration does not change appreciably over a
two-week period.

ne blue method shall not be used because it fails to detect residual thiosulfate in RC_hase.

osed emulsion layers contain a considerable amount of developing agent in order to providg
bment during processing.

rints
very

The methyle
whose unexf
rapid develoj
5 the

While the silver sulfide method does detect residual thiosulfate in RC-base prints, it also‘-measure

concentratio
shown to givi

Hypo-elimind
not be used
the use of hy
facilitate the

n of polythionate decomposition products and other residual chemicals. Moreover, it also has
b exaggeratedly high thiosulfate values with some RC prints (see Reference\[22]).

ting agents containing strongly oxidizing substances, such as peroxides-or hypochlorites,
because they contain peroxides that attack the silver image (see Annéxes E and F). How
po-clearing solutions (such as a 2 % solution of sodium sulfite containing a wetting agent)
washing of thiosulfate ions from the fibre prints without chemiedlly altering the thiosulfate.

been

shall
ever,
does
They

should not b¢ used for RC prints.

6.2 Residual silver concentration

ed print shall not contain more than 0,025 g/m? of sifver when tested in accordance with 8.4.3 or

he atomic absorption technique.

The process
8.5.3 using t

6.3 Yellowing limit (see Annex G)

front
P and

The status A blue density of minimum densityaréas shall not increase by more than 0,08 units on the
(emulsion) sulirface or the back surface of the prints after incubation under conditions specified in 8.3.1
testing as dejscribed in 8.3.3.

7 LE deslignation

Prints that meet all the specifications set forth in this International Standard shall have an LE rating of 10

8 Test methods

8.1 Wedg

r brittleness

8.1.1 Preparation of specimens

Paper samples shall be exposed and processed to yield maximum density. Specimens shall be cut in an
atmosphere of (23 = 2) °C and (50 £ 5) % RH. The cutter shall be of a precision type and shall provide specimen
edges that are smooth and free of nicks. Specimens shall be 300 mm long by 15 mm to 16 mm wide.

A set of 10 specimens shall be prepared for the original measurements and another set of 10 specimens for
incubation as described in 8.1.2. The operator in handling the specimens, both in their preparation and testing,
shall wear moisture-impermeable dust- and powder-free gloves.

NOTE Latex gloves can cause hypersensitivity in some individuals.
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8.1.2 Incubation

One set of 10 specimens shall be freely suspended for 30 days in a forced-air oven maintained at (80 + 2) °C
and (50 + 2) % RH. The short-term fluctuation in relative humidity shall not exceed + 5 % RH.

8.1.3 Conditioning of specimens

Specimens shall be conditioned at (23 + 1) °C and (20 + 2) % RH before measurements. Fibre papers shall be
conditioned for at least 1 day and RC papers for at least 7 days prior to measurement. The specimens shall be
conditioned in racks that permit free circulation of air around the specimens.

8.1.4] Measurement

Specimens shall be tested at (23 = 1) °C and (20 + 2) % RH, as described in ISO 18907, using.wedpe apparatus
with @ 74 mm opening.

8.1.5| Reporting

Spedimens shall be evaluated for either paper cracks or paper breaks, depending on which occur$ at the wider
wedde opening. Specimens which pass through the narrowest point of the wedge (1,5 mm) withoyt failure shall
be arpitrarily assigned a value of 1,0 mm, to permit averaging with those §pecimens which show failure caused
by pgper cracks or paper breaks.

The @verage of 10 specimens shall be calculated for both unincubated and incubated specimgns. Samples
shallmeet the criteria given in 5.1.

NOTH Paper cracks may be evident by white paper fibres showing through the emulsion layer|processed to
maximum density.

8.2 |Tensile energy absorption

8.2.1| Preparation of specimens

Paper specimens shall be prepared as described in 8.1.1. A set of 20 specimens shall be prepared for the
original measurements and anothet:set of 20 specimens for incubation as described in 8.2.2.

8.2.2| Incubation

One pet of 20 speciméns' shall be hung freely in a controlled forced-air oven maintained at (84 £ 2) °C and
(50 H42) % RH for 30\days. The set-point accuracy for the RH shall be as described in 8.1.2.

8.2.3| Conditioning

Spedmens'shall be conditioned as in 8.1.3.

8.2.4 Measurement

Specimens shall be tested at (23 £ 1) °C and (50 + 2) % RH for tensile energy absorption (TEA) as described
in TAPPI T494 om.

8.2.5 Reporting

The average TEA of 20 specimens shall be calculated for both unincubated and incubated specimens. Samples
shall meet the specification given in 5.2.

Attention shall be given to the sections of TAPPI T494 om which pertain to the discarding of tensile measurements.

© 1S0O 2012 — All rights reserved 5


https://standardsiso.com/api/?name=057ec5c1d8115febc385eab6840f2359

ISO 18929:2012(E)

8.3 Yellowing

8.3.1

Preparation of specimens

Two minimum density specimens shall be prepared for each sample and conditioned as outlined in 8.1.3. The
area of each specimen shall be at least 90 cm2. To prevent contamination by fingerprints, the operator shall
wear gloves during the preparation and testing of the specimens.

8.3.2

Incubation

Both specimens shall be freely suspended for 14 days in a forced-air oven maintained at (80 + 2) °C and

(50 + 2) % RH. The short-term fluctuation in the test chamber shall not exceed + 5 % RH.

8.3.3 Measjurement

The status A|blue reflection density of both specimens, backed by a black material, shall be méasured before
and after inclibation (see Annex H). The spectral characteristics of the densitometer shall.éonform to ISQ 5-3,
and its geometry to ISO 5-4. Four measurements shall be made of the front and of the back surfaces of the two
specimens, making a total of 16 measurements.

8.3.4 Repoyrting

The average|of eight measurements shall be calculated for the front (emuision) surface and the back sufface,
before and after incubation. The sample shall meet the density criteriaspecified in 6.3.

8.4 Residual silver compound test using cyanogen iodide (CNI) extraction

8.4.1 Genefral

NOTE 1 Fqr additional information, refer to References [71, [8], [9] and [10].

NOTE 2  THe hazard rating for concentrated CNISolution is: (DANGER:({(S)) (B) (C)).

8.4.2 Specjmen preparation

Two specimgns of a processed print of’at least 65 mm x 65 mm shall be tested. These specimens shall be
taken from the end of the processing/run and from a clean image-free (Dmin) area of the print. The specimens
shall not be blotted dry (this eliminates possible contamination from the blotter).

With a calibrated 60 mm diameter paper punch, a disc shall be punched from the clear area of the spegimen
and transferred into a 15/ml centrifuge tube. Then 5,00 ml £ 0,02 ml of 5 % CNI solution shall be pipetted into
the tube, and the tube'shall be capped and shaken in order to dislodge the specimen from the bottom ¢f the
tube. This is [donetteallow the 5 % CNI solution to fully cover both sides of the disc as the punched spegimen
will settle to llhe bettom of the tube. The 5 % CNI will extract silver from the specimen paper for 15 h (non[nally,
samples are lextracted overnight)

WARNING — CNl is a compound that shall be treated with extreme caution. When CNI is mixed with any
form of acid, hydrogen cyanide, a deadly gas, is formed. Therefore, all sample preparation requiring
CNI shall be done wearing gloves and in a fume hood.

When analysing the samples with CNI is finished, they shall be washed with distilled water under suction for at
least 10 min. Special precautions are required for cleaning and disposal.

© 1SO 2012 — All rights reserved
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8.4.3 Analytical procedure

The specimens shall be analysed, along with a known silver-control standard solution such as NIST 3151"),
using an atomic absorption spectrophotometer at a wavelength of 328,1 nm.

NOTE NIST is the United States National Institute for Standards and Technology.

Flame ionization shall be performed using a burner with air and acetylene to produce a lean, blue flame at a sample
flow rate of 5 ml/min. The samples shall be aspirated for 10 s, and then three consecutive absorbency readings of
5 s each shall be measured. The 5 % CNI blank solution shall be aspirated for at least 5 s between samples.

A dilution of the sample is necessary if the sample concentration exceeds the highest standard used for
calibfation. The sample shall be diluted to within the linear range.

The ipstrument shall be calibrated with the known concentration of silver standard solution before ginalysing the
unknpwn specimens. Sample concentration values are obtained from a calibration plot,of“absoribance of the
standard versus its concentration.

NOTH 1 The hazard code for silver nitrate is: (DANGER: (C) (S)).

NOTR 2  An alternative procedure for those areas in which the use of CNI is envirenmentally precluded |s given in 8.5.
8.4.4| Calculation
The ¢oncentration of silver in paper (cag), expressed in grams persquare metre, is given by the formula

_(pag—Pago) -V-d

CAg

4x10°

wherg

PAg is the concentration of silver, inMmicrograms per millilitre (ug/ml), found in the sample solution;

PAG,0 is the concentration of silver/in micrograms per millilitre (ug/ml), found in the reage¢nt blank 5 %
CNI solution;

V is the volume, in miflilitres (ml), of the sample solution;

d is the dilution factor (if necessary);

A is the area of the sample, in square metres (m?2), e.g. 0,002 83 mZ.

8.5 [Residual silv&ér compound test by use of sulfuric acid/nitric acid extraction

8.5.1| General

This falternative method is especially suitable for the analysis of silver in Europe or other coyntries where
the eof ENts cnvilunmcutaﬂy pluhibitcd. Fhismethod—uses—amicrowave pluucdurc that opeeds up the
digestion process to within a few minutes.

8.5.2 [Experimental conditions and specimen preparation
Reagents: Milli-Q — water2), HoSO4, CP (chemically pure) (DANGER: ((C)), HNO3 (70 % CP) (DANGER: (BXCXO)).

Glassware: 25 ml volumetric vessel, pipettes of 1 ml, 2 ml and 5 ml volume, and a microwave vessel of
100 ml volume.

1) NIST 3151 is an example of a suitable product available commercially. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of this product.

2) Milli-Q — water is an example of a suitable product available commercially. This information is given for the convenience
of users of this International Standard and does not constitute an endorsement by ISO of this product.
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Instruments: Microwave destruction apparatus.
Microwave Program 12: 2 min 250 W; 1 min 0 W (zero watts, power off); 10 min 300 W; and 10 min cool down.
Microwave Program 2: 1 min 250 W; 1 min 0 W; 5 min 250 W; 5 min 400 W; 10 min 650 W; and 15 min cool down.

Specimen preparation and specimen size shall be the same as described in 8.4.2. To ensure full sample
digestion, the specimens are treated in a microwave oven in the following 2-step procedure.

a) The specimen shall be immersed in a 100 ml microwave vessel containing 1 ml of HoSO4 (DANGER: (C)))
and Program 12 on the microwave shall be activated.

b) Uponc imen
vessel and Program 2 shall be started

After cooling
water. If the

, the colourless and clear solution shall be transferred to a 25 ml volumetric flask with mil
olutions are not clear, the whole procedure shall be repeated.

WARNING — Extreme care should be exercised during storage, handling and disposalof used pipéttes,

as sulfuric

8.5.3 Analy

The solution
spectrophotd

The specimd
using an IC
spectrophotd

8.5.4 Calcl

The concent
the approprid

8.6 Resin

8.6.1

Although thig
the occurren
and/or humid

8.6.2 Purp

Generral

cid will react violently with water and the fumes of nitric acid cause oxidation.

tical procedure

is added to a spectrophotometer or an ICP (inductively €oupled plasma) atomic emi
meter.

ns shall be analysed, along with a known silver-control~standard solution such as NIST
P atomic emission spectrophotometer at a wavelength of 328,1 nm or an atomic abso
meter at a wavelength of 328,1 nm.

lation

ration of silver in paper is obtained using the same formula as described in 8.4.4 by substi
te blank silver concentration (pag,p)'inthe mixture of HoSO4 and HNO3.

cracking

International Standard is for prints not intended for display, a light is used in this test to acce

ity fluctuation<In such cases, the emulsion is stressed, which can lead to resin cracks.

DSe

This test me{
fluorescent li
the temperat

8.6.3 Appa

5sion

3151,
ption

uting

erate

ce of resin cracking. Resin cracking can occur in total darkness during periods of temperature

ber to

hSures the tendency of the resin Iayer in RC paper to degrade It conS|sts of exposmg RC pa

ure. The incubation time until resin cracking occurs is a measure of resin- Iayer stability.

ratus

ering

A schematic view of the apparatus is shown in Figure 1. It consists of the following elements.

8.6.3.1 Forced-air oven, which can control the temperature at (80 + 2) °C and the relative humidity at
(50 £ 2) % RH. Air circulation should be sufficient to provide some air movement, but low enough not to disturb
the specimens.

8.6.3.2 Film clips or brackets, to hold the specimens in a fixed plane.
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8.6.3.3 Bank of cool-white fluorescent lamps, positioned so that the light intensity is 1 Kix (100 foot-candles)

at the specimen plane.
8.6.3.4 Standard window-glass filter, 6,5mm, placed between the fluorescent lamps and the spe

NOTE Most bare-bulb fluorescent lamps have a strong ultraviolet (UV) emission at 313 nm that may
accelerate the degradation of the resin layer. Ordinary window glass does not transmit this emission.

8.6.4 Preparation of specimens

cimen plane.

unrealistically

Paper specimens shall be processed to minimum density. A set of two specimens shall be prepared for each

samrln anpr‘impnc shall he nppmximamly 65 mm in Ipngth and 25 mm in width

8.6.5 Procedure

Spedmens shall be placed in the film clips (8.6.3.2) and inserted in the forced-airoven (8.6
emulsion surface facing the fluorescent lamps (8.6.3.3). The weight of any clamps) Should be
elimipate curl, but no greater. When the temperature of the oven has stabilized 'at(80 + 2) °C,
shall be introduced so that the relative humidity is at (50 + 2) % RH.

NOTH 1 Humidified air is only allowed into the oven chamber after the témperature has reached
tempgrature in order to avoid moisture condensation on the specimens. Moisture’condensation invalidates

The fluorescent lights are turned on.

After|3 days and every 3 days thereafter, until 30 days have.passed, the specimens shall be r
the open for evaluation. This shall be accomplished by firstiturning off the humidified air stream.
taker] that the front (emulsion) surface of the specimens«is protected from fingerprints and that th
are npt flexed.

3.1) with the
sufficient to
umidified air

the operating
the test.

emoved from
Care shall be
e specimens

The front (emulsion) surface of the specimens shall be examined for resin cracks. This has occlirred when a

crack extends completely through the resin layer. Examination is facilitated using a magnifying
low-gdngle, specular light source. Cracks nearthe clamped surface shall be ignored.

NOTH 2  Cracks can be confirmed by applying a small drop of alcohol and dye to the area. If a crack exis
wicks|into the paper base and is visible'from the back surface.

After|the specimens have beenout of the oven chamber for 2 h, they are returned for subsequent
following the procedure described above.

8.6.6] Reporting

The npumber of incubation days required to produce resin cracks shall be recorded. The samples §
requifement given in 5.3.

glass and a

s, the solution

incubations,

hall meet the
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Figure 1 — Resin-cracking apparatus
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Annex A
(informative)

Stabilization treatments to prevent silver oxidation

Silver images can be rendered more resistant to oxidation by partial or complete conversion into more stable
compounds, notably silver sulfide and silver selenide, by protection of the silver surface with a layer of gold, or

by ugeof-SENHthiocyanate)—Such—=a—"stabitizer-treatmenthasbecome—amandatory-aftertreatment of silver-

gelat|n images that are to have a long life expectancy under less-than-optimal storage conditions.

Suitaple thiols, polysulfide and selenium toners are available in concentrated liquid form.'"Fermul
gold toners are published in photographic textbooks.

as for mixing

ISO 18915 provides useful information on stabilization treatments. For additionaljinformation, se¢ References

[23], [24], [25] and [26].

© 1SO 2012 — All rights reserved
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Potential silver-image discolouration of RC prints under display conditions

NOTE For additional information on this subject, see References [16], [17], [18] and [19].

Some silver
discolouration that involves exposure to intense light or ultraviolet (UV) radiation. Absorption of such'rgdiant
energy by the titanium dioxide pigment in the polyethylene layer below the emulsion causes the formation of
titanium trioNide and singlet oxygen. The presence of singlet oxygen can enhance the rate of colloidal silver
discolouration, when the RC-paper print is displayed in a glass-covered frame that prevents-the escape of
oxidizing aggnts.

Even under more favourable display conditions, colloidal silver formation can occur, depending on:
— the presgence of effective anti-oxidants and other stabilizers in the print material;

— the chericals and procedures used for print processing;

— the spegtral distribution, intensity and exposure cycles of the absorbed radiation;

— the relatjve humidity and temperature in the display area.

12 © 1S0 2012 — All rights reserved
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Tensile energy absorption

Tensile energy absorption (TEA) is the work required to rupture paper under a tensile force. It is proportional
to the tensile break strength and the tensile elongation at break. Since the latter is quite low for paper, TEA is

H Li bk 1
a dlff CUIL ITICSASUITITITTIU U TITAantT.

Labofatory testing by members of ISO/TC 42 has shown, however, that TEA is a muchetter predictor of
papef ageing than other tensile properties. Samples of photographic papers were preconditioned|at 21 °C and
50 %|RH and then incubated at elevated temperatures (ranging from 22 °C to 90 °C) at50% RH. The decrease
in TE|A was obtained as a function of incubation time.

The gffect of temperature on the time for a given percentage loss in TEA-followed a modified Arrhenius
relatipnship. This gave confidence that a high-temperature incubation test-eould be used as g predictor of
storapge temperature behaviour. It was on the basis of such experimental fesults that conditioning|at 80 °C and
50 %| RH for 30 days was chosen in this International Standard.
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Annex D
(informative)

Environmental resin-cracking

Polyethylene plastics exhibit a brittle type of failure, called stress-cracking, which may occur over relatively
long periods up to many years (see Reference [27]). When this happens, it is caused by tensile stresses

substantially
resulting fail
to stress-cra
narrows, ang

Stress-crack|
is called eny
effect on the
Oxidation ald
inert atmosp|
cracking occ|

Environment
influenced by
induced oxid

ire may be recognized as environmental, solvent, oxidative, thermal or fatigue. The resis
cking increases as density decreases, molecular weight increases, molecular-weight distrih

ironmental stress-cracking (ESC). In the absence of stress, these agents\have no disce

here or a vacuum and is initiated within the polymer mass rather than on the surface. Fg
urs if there is a constant stress at a level just below the short-time strength.

bl stress-crack failure is critical in low-density polyethylene (LDPE). As with brittleness

Ation reactions.

1 bl bl H 1o Y & D H bl - HEG TR
TOWCT all vt Lauosliity  SHurt=tme TUpPLUTrc. DUTUTITIUITTY  UTT U TTiatiticTt U 1o THiiatiul

temperature increases.

failure, accelerated by the presence of promoters such as an alcohol, soap-0r wetting 3

polymer surface. Solvents such as toluene, which swell the polymer, gromote stress-crac
o causes degradation. Thermal cracking is a purely physical phenomenon that can occur

thermal history. These reactions can occur in unpigmented plastic and in the absence of

, the
ance
ution

gent,
nible
king.
in an
tigue

it is
light-
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(informative)

Effects of residual thiosulfate and silver in processed prin

ts

Thiosulfates are imbibed from the fixing bath and should be removed during washing to the level specified
in 6.1. Otherwise, the two following harmful changes are likely to occur:

a)

b)

Anot

brou

will b
the s
prolo|

In or

man

wash

silve

it req

How:

evap

Thor
thios
five g

The
time
proc

is po
is go

from

yellow-brown discolouration of the image silver, due to formation of silver sulfite;

ifretrievable loss of image density, due to oxidation of the silver sulfite to white and saluble
g¢specially under high temperature and relative humidity conditions.

ner fixer-related cause of image discolouration is the retention of silver thiésulfate compl
q
reak down rapidly to form silver sulfite, resulting in overall yellow-brown disgelouration of the p
aining of white areas (the limits of permissible silver concentration in¢prifits are specified in 6
nged fixation is also harmful for two reasons:

1
)

thiosulfate will attack and bleach the image silver;

with fibre-base prints, thiosulfates and silver thiosulfate complexes will diffuse into the
and become so strongly adsorbed that even prolopged washing will fail to dislodge them
will lead to discolouration for the stated reasons!

[NEY

er to attain proper fixation of prints, the silverycontent of the fixing bath should not be hig
U

silver sulfate,

bxes, usually

pjht about by insufficient treatment time or use of an exhausted fixing solution. Retained silvgr complexes

rint, including
2). However,

paper fibres
. In time, this

her than the

facturer’s recommendations, otherwise complexes will be formed that cannot be remove
ing. To avoid this potential problem, a two-bath fixing technique can be employed in whic
[

e¢ver, a maximum of five cycles is tsually recommended to avoid problems with contamin
pration, sludges and slimes.

pugh washing is the second important requirement for preventing print discolouration du
Ilfate. It is achieved by using rapidly flowing, fresh water of 15 °C to 25 °C, or by successive
eparate volumes of fresh water.

necommended.time of washing for fibre-base prints is 50 min to 60 min in running water. The r
or RC prints.ranges from 20 s to 30 s with efficient, automatic processing machines, to 3 min
ssing. Lahger wash times are not recommended for RC prints because of edge penetration.
bsible tortake the residual thiosulfate to zero with RC papers but that is not recommended. A g

bd for lIong-term keeping for RC and fibre-base papers. It is almost impossible to remove all t

€

d by normal
most of the

halides are dissolved in the first bath and any remainders in the second. The first bath is discarded when
ches the point of exhaustion and js‘teplaced by the second. This cycle can be repeated several times.

ion, dilution,

e to residual
immersion in

pquired wash
with manual
In addition, it
light residual
he thiosulfate

fibre-base prints. Washing aids are not recommended for RC prints for this reason.

The effectiveness of washing of fibre-base prints can be increased by treatment in a solution of 1 % to 2 %
sodium sulfite or other inert salts that will displace the thiosulfates. This treatment can be employed before
washing or between split-washing periods. Other factors that influence the effectiveness of washing are:

pH of the fixing solution (higher rate at pH values above 4,9 which is the iso-electric point of

gelatin);

use of acid, hardening, or neutral, non-hardening fixer (gelatin hardening and low pH reduce the rate);

silver content of the fixing solution (lower rate as silver concentration increases);

water hardness (less effective with soft than with hard water);

water temperature (increases effectiveness with warmer temperatures due to increased diffusion rate);

© 1SO 2012 — All rights reserved
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— level of agitation (increased effectiveness due to decrease of stagnant water at the emulsion surface and,
therefore, rate of removal of fixation by-products).
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Annex F
(informative)

Degradation of silver images due to extraneous oxidation

The image elements of silver-gelatin prints consist of filamentary-silver aggregates that have a very large
surface-to-volume ratio. This enhances their susceptibility to degradation by aggressive oxidizing chemicals.

The i
thessq
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Deps¢
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||t|a= OtU}J ;II ouuh dcyladatiun ib thc UA;ddtiUll Uf thU C:CIIIUI Itd: D”VCI tU D;:VUI ;UIID. :II thc
ions migrate and disperse in the gelatin layer. In the third step, the silver ions are reduced ta
ecombine to form colloidal-silver particles or silver complexes.

nding on the concentration of reactants, the number and aggregation of colloidal=silver parti
ity and temperature of the print, three different forms of blemishes can be formed-singularly orin

Dne is a mirror-like deposit near the surface of the image layer. It hasra, blue colour whg

feflected light and a yellow colour by transmitted light.

\nother is yellow or orange-brown discolouration of the image, eitheép partial or complete.
he third is spots, variously called red spots, microspots or redox.blemishes, that have a ring-

colour of these colloidal-silver deposits is the result of .the scattering of short-wavelength
scopic-silver particles that are about 15 times smaller-than typical image-silver grains.

ver images are susceptible to oxidation and formation'of colloidal silver, but the degree of vulne
derably, depending mainly on the componentscof the photographic material, the size and m
Iver grains, the presence of stabilizers in the cemponents of the photograph, the composition
ons, and storage conditions.

zing gases that can cause severe diseplouration, even in very low concentrations, are hydrog
s of nitrogen, ozone, and automobile exhaust fumes. They are present in most industrial 3
spheres. Peroxide is also given off by wood and fresh oil-based paints and may be emit
sures. Toner treatment of the 'silver image by converting the silver to the complex state will
em (as described in Annéx A).
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Annex G
(informative)

Discolouration of black-and-white photographic prints

Reflection-type photographic prints tend to yellow with age, even when processed and stored in accordance
with recommended practices, due to discolouration of various constituents, such as the cellulose fibres of the

paper suppo
of fibre pape]|
surface than

of low-densitly areas.

In view of th
changes wer

Arrhenius plq
these results
conclusions

yellowin

a single

For additions

t, thc yU:at;ll UIIIU:D;UI I, thc vvhitc piylllcl Itb dl ICII uptiba: bl thtcl ITTIS ;l TUUI p\na‘lcd ;II thc bdl ytd
Is or the resin layer of RC papers. This type of discolouration is more objectionable on,the|
on the back surface of prints, because of its disproportionately large effect on the injage q

s fact, the end points of initial Arrhenius tests carried out to determine suitable)limits of de
e 0,05 for the front surface and 0,15 for the back surface.

bts obtained with these tests are shown in the composite graph of Figure)G.1. It was evident
that thousands of years would be required for either surface to reach*selected end points
wvere reached on the basis of these results:

j would not be a significant problem under recommended storage conditions;
end point would be acceptable for front and back yellowing.

| information on the Arrhenius method, see ISO 18924.
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