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Foreword

ISO (the International Organization for Standardizatian)-is
federation of national standards bodies (ISO member.bodig
of preparing International Standards is normally eafried out
technical committees. Each member body interested in
which a technical committee has been established has th
represented on that committee. International organizations,

ISO 12206:1995(E)
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hovernmental

right to be

and non-governmental, in liaison with |1S0;-also take part in the work. SO

collaborates closely with the Internatieral Electrotechnical
(IEC) on all matters of electrotechnical*standardization.

Draft International Standards_&adopted by the technical co
circulated to the member bodiges for voting. Publication as arn
Standard requires approval-by at least 75 % of the member b
a vote.

International Standard ISO 12206 was prepared by Technic
ISO/TC 42, Photography.

Annex A formstan integral part of this International Standarg
C and D are-for information only.
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photographs have been used extensively for recording and
pbrmation of lasting value in all fields of human activity. The
ility of these records has become of increasing concern in
because image and support degradation have been found
ng frequency in photographic collections and archives.

shed documents on various aspects of the stability and
f black-and-white silver-gelatin  photographic materials. ISO
hotography — Processed silver-gelatin type black-and-white
ications for stability, provides test methods and criteria for
operties, permissible residual processing chemicals, and the
of films. I1SO 5466:1992, Photography — Processed safety:
ilms — Storage practices, deals with the conditions required
pj and preserving the integrity of photographic films during
0214:1991, Photography — Processed photographi¢ ma-
g enclosures for storage, pertains to the materials-used in
tored photographic materials.

c film meets the material and processing-specifications of
d is stored in accordance with ISO 5466”and 1SO 10214,
ility will be obtained. Similarly, photographic paper prints
red in accordance with ISO 605123992, Photography —
btographic paper prints — Storage“practices, and processed
plates in accordance with 1SON3897:1992, Photography —
btographic plates — Storagé practices.

ractical situations it js\not always possible to control the
ions, particularly with-respect to contaminants.

pollutants such,as-peroxides, sulfur dioxide, ozone and ni-

are very detrimental to silver imagesl1]. Such environ-
nts are of ifereasing concern in our industrial society. They
dation of\the silver with consequent silver migration. This
age fading, silver mirroring and redox blemishes[21(3].
ts that diffuse out of enclosure materials cause similar de-

fects.

Recent studies have shown that silver images can be made resistant to
oxidizing pollutants by chemically treating the silver to form silver

sulfidel4] or si

Iver selenidel®], or by substitution of the silver by gold[6]l.

Such treatments are recommended when it is not possible to ensure the

absence of co
the added exp

This Internatio
and describes
ments which i

ntaminants, or when the importance of the image justifies
ense.

nal Standard is an adjunct to the processing requirements
methods for evaluating the effectiveness of various treat-
mpart greater stability to silver images.
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Photography — Methods for the evaluation of the
effectiveness of chemical conversion of silver images

against oxidation
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5 International Standard describes methods
pting the effectiveness of chemical conver-
Ements intended to increase the resistance
rocessed silver images to oxidation. The
I may be applied as part of the original pro-
br it may be a post-processing treatment.

5 International Standard applies to silver-
ages coated on to supports of either plastic;
hlass.

joes not recommend general or \specific
[s for silver images. Likewise, treatment
Lire, times and replenishment.rates are out-
scope of this International Standard. Factors
onsidered in a stabilizing treatment are
i in annex B.

5 International <Standard describes two test
the dichromate bleach test and the hydro-
xide incubation testl7]. The significance of
scussed-in annex C.

2 Nor

mative references

Members of IEC and1SO maintain reg
rently valid Internatichal Standards.

ISO 5-2:199%,, Photography — Density
— Part 2 Geometric conditions for
density.

ISO "5-3:—", Photography — Density i
= Part 3: Spectral conditions.

ISO 5-4:—2, Photography — Density 1
Part 4. Geometric conditions
density.

3 Definitions

For the purposes of this International
following definitions apply.

3.1 treated silver images: Silver ima
been given a specific treatment, either
processing, to increase their stability.

3.2 toned silver images: Silver imag
been given a specific treatment, either
processing, to modify their colour.

jisters of cur-

heasurements
transmission

heasurements

heasurements
or reflection

Standard, the

ges that have
juring or after

jes that have
juring or after

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-

cation, th

e editions indicated were valid. All standards

are subject to revision, and parties to agreements
based on this International Standard are encouraged

to investi

cent editions of the standards

1) To be
2) To be

gate the possibility of applying the most re-
indicated below.

published. (Revision of ISO 5-3:1984)
published. (Revision of ISO 5-4:1983)

4 Dichromate bleach test

4.1 Principle

This test consists of dissolving the treated silver im-
age and measuring the retained density. This retained
density is proportional to the silver that has been
chemically converted to a non-bleachable compound,
or has been substituted by a non-bleachable element.
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4.2 Reagents

4.2.1 Bleach

A bleach solu

solution

tion shall be prepared by dissolving

90 g of anhydrous potassium dichromate in 1 litre of

water. Subseq
acid shall be sl

WARNING —
and clothing.

case of contr&,—ﬂush—oyos—and—skin—vw(h—waxe. .

uently, 96 ml of concentrated sulfuric
owly added with constant stirring.

Avoid contact with the eyes, skin
Wash thoroughly after handling. In

© ISO

density (after treatment but before bleaching) and
multiplying by 100. Make this calculation for all six
uniform-density patches.

With some photographic materials, particularly photo-
graphic paper prints, bleaching can cause an increase
in the D.,,. The percent density retention shall be
corrected for any D, increase, as shown in
annex A.

4.6 Significance

Obtain medicpl attention immediately.

Take care to

dispose of dichromate bleach sol-

ution in accordance with national and local haz-

ardous waste|

disposal regulations.

4.2.2 Clearing solution

The clearing splution shall be prepared by dissolving
100 g of sodium sulfite in 1 litre of water.

4.3 Specimen preparation

Six uniform-density patches shall be prepared on the

treated silver
approximately
to D,

max-

material with densities (D) ranging in

equal increments from 0,1 above D,

The gxact size of the patches is not critical,

provided they fover the aperture of the densitometer

and are easy t

b handle.

4.4 Procedure

Measure the t
density patche
Densities shall
spectral confo
shall have ge

eated silver image on the six uniform-
5 and on D, for status\A blue density.
be measured on a densitometer having
‘mance to ISO 5-3)"The densitometer
ometric confermance to 1SO 5-2 for

photographic films and pfates, and geometric con-

formance to 1§

Then immers¢g
(4.2.1) for 30

O 5-4 faf\photographic papers.

the specimen in the bleach solution
5 (@b (20 + 5) °C, rinse it in water for

The retained density is an approximatiop,6f|the per-
centage of silver image that has been Convelrted into
substances which are not affected: by oxifants or
pollutants. A treatment which resGits’in 65 % density
retention or more after bleaching for all siq density
patches is considered a stableNimage?d.

5 Hydrogen peroxide incubation test

5.1 Principle

This test comsists of exposing the treated dilver im-
ages to_hydrogen peroxide vapour and measliring the
resultant’change in density. A small change i density
represents an image that is resistant to peroxides.

5.2 Reagents

5.2.1 Hydrogen peroxide, reagent
2 % (m/m) solution, freshly prepared from
stock solution.

grade,
a 30 %

WARNING — Hydrogen peroxide is very cqrrosive.
Caution should be used in handling hydrogen
peroxide solutions. The stock solutions sHould be
kept refrigerated in vertical vented bottles and
kept away from combustibles. Gloves and| protec-
tive clothing should be worn.

Take care to dispose of hydrogen peroxide sol-
utions according to national and local wdste dis-
posal regulations.

2 s, and clear

or 30 s In the clearing solution (4.2.2).

Then rinse the specimen in water, dry it and re-
measure the status A blue density.

4.5 Calculation

The percent density retention is calculated by dividing

the blue densi

ty after bleaching by the original blue

5.2.2 Potassium chloride, saturated solution.
5.2.3 Potassium chloride, dry solid.

5.3 Apparatus

The components of the desiccator jar used to expose
the test specimens to hydrogen peroxide vapour are

3) This density retention value is based on the fact that since two-thirds of the image will not be affected by oxidants, there
would be no loss of information. Treatments which result in a lower percent density retention may also be very stable, de-
pending upon the image density and the type of chemical conversion.
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given in figure1 and the assembled apparatus is
shown in figure2. It consists of the following el-

ements.

5.3.1 Glass desiccator jar, having a nominal inside
diameter of 150 mm and a capacity of 2 litres.

5.3.2 Ground plastic? desiccator lid, fitted with a
fan.

The fan motor |s attached to the top surface of the
desiccat
the fan mounted on the inside surface. There shaII be

ISO 12206:1995(E)

four fan blades, each approxmately 25 mm in Iength
he fan 0

(0]

I an shall rotate at a

the desiccator on whnch the specnmens are mounted.

The collar shall be roughly 80 mm in height with an
inside diameter of 135 mm and a wall thickness of
approximately 7 mm. The collar shall be fitted with
three baffles each approxnmately 80 mm in length,
. A plan draw-

ing of the ollar and baffles is shown i figure 3.

Figure 1 — Desiccator jar components

4) Poly(methyl methacrylate) has proved to be an acceptable plastic.

5) The baffles serve to provide more turbulent air movement and ensure uniform distribution of the hydrogen peroxide vapour.
They may be constructed of a hydrogen-peroxide-resistant plastic, such as polycarbonate.
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5.3.4 Perforated porcelain plate, of diameter
140 mm, which fits over the desiccator well.

5.3.5 Petri dish, of capacity 60 ml, ‘Wwhich fits into
the desiccator jwell and which holdS) a saturated salt
solution to regdilate the relative-hUmidity.

5.3.6 Circulay pad, approximately 40 mm in diam-
eter, of 0,3 mm , chtomatography paper or filter
paper®, with a water flowrate of 100 mm to 150 mm

Figure 2 — Assembled desiccator jar

© |SO

5.4 Specimen preparation

Six uniform-density patches shall be prepared with
densities (D) ranging in approximately equal in-
crements from 0,1 above D, to D,,,. The eXact size
of the patches is not critical, provided they cver the
aperture of the densitometer and are easy to |handle.

5.5 Procedure

5.5.1 Measure the status A blue density on| the six

uniform-density patches and on D,,, before treat-
ment. Densities shall be measured on-a-densitometer

per 30 min”, whieh is wired to the upper side of the
perforated porcelain plate with stainless steel wire.

5.3.7 Oven, fan-assisted, capable of being main-
tained at 50 °C + 2 °C.

having spectral conformance to 1SO 5-3. The
densitometer shall have geometric conformance to
ISO 5-2 for photographic films and plates and ge-
ometric conformance to ISO 5-4 for photographic pa-
pers.

6) A suitable chromatography paper is Whatman No. 3 mm CHR paper. This information is given for the convenience of users
of this International Standard and does not constitute an endorsement by ISO of the product named. Equivalent products may

be used if they can be shown to lead to the same results.

7) This refers to the capillary rise of water when the paper is partially immersed in water.
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Collar

ISO 12206:1995(E)

Baffle

5.5.2 Aftach the specimens with the base side
against tfhe inside surface of the cylindrical collar®.
Take care to ensure that the specimens are snug
against the collar gurface.

5.5.3 Place,5 ml of a saturated solution of potassium

N\

Figure 3 — Drawing of collar and baffles

5.6.5 Seal the desiccator jar (5.3.1) With its cover
and place it in the oven (5.3.7) set at 0 °C. The fan
shall be turned on for the first 30 min tq distribute the
peroxide vapour uniformly.

5.56.6 Remove the jar from the oven, fuickly charge

chloride 522) t—the—etr—dish (535) to—achteve—a
relative humidity of 82 %. To maintain solution satu-
ration, add 10 g of dry potassium chloride (5.2.3) to
the Petri dish.

5.5.4 Charge the desiccator by the addition of
0,12 ml of the hydrogen peroxide solution (5.2.1) to
the pad of chromatography paper (5.3.6). This gives a
peroxide concentration of approximately 1 000 ppm.

tt—with—the—additiomof—=—secomd—0;12 m| of freshly
prepared hydrogen peroxide solution (5.2.1) without
allowing the desiccator jar to cool to room tempera-
ture. Replace it in the oven set at 50 °C. Turn on the
fan for a second 30 min. The desiccator jar shall then
be incubated with the fan turned off for 17 h at
50 °C, resulting in a total incubation of 18 h.

5.5.7 Remove the specimens from the desiccator jar

8) If the baffles are constructed so that they are spring loaded, the specimens can be attached by inserting the edges under

the baffles.
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and redevelop? them to reduce the silver which has
been ionized during the test. Then wash and dry the
specimens.

5.5.8 Examine the specimens visually under x 10
magnification for any evidence of red spots or redox
blemishes. If there are no red spots, remeasure the
specimens for status A blue density as specified in
5.5.1.

5.5.9 The change in density of the six uniform-

© ISO

in blue density after the peroxide incubation. This is
most easily shown by a plot of the change in blue
density, corrected for the change in D, ,,, on the y-axis
against the original blue density on the x-axis. The ef-
fectiveness of stabilizing treatments can be
quantitatively measured by the deviation of this plot
from the x-axis. A stabilizing solution which results in
less than a 0,05 density change for all six uniform-
density patches shall be considered to be an effective
treatment against peroxides.

If the pnrnyido incubation—results—in-the appearance

density patch shatt-be—corrected—forthe bhallgC T
the D, valueq by subtracting the change in D,, due

to the treatment, as shown in annex A.

5.6 SignificAnce

The extent to which the silver is attacked by hydrogen
peroxide is evgduated by the magnitude of the change

of red spots on any of the specimens, a-gugntitative
evaluation of the effect of the stabilizing”’ treatment
cannot be made. Therefore, such a treatment|shall be
considered to be not effective.

9) Redevelopment for 2 min at 25 °C in Kodak Prostar developer was found to be satisfactory for microfilms, and 30 s in Kodak
Dektol developer for photographic paper prints. Developers should be at full strength. This information is given for the con-
venience of users of this International Standard and does not constitute an endorsement by ISO of the products named.
Equivalent products may be used if they can be shown to lead to the same results.
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Annex A
(normative)

Correction of density values

General

The pur
changeq
outside
changeq

A2 [

Inthe d
as a res
differen
obtaineq
identica
in the D

D patch (

pose of the dichromate bleach test and the hydrogen peroxide incubation test is to~det
in a silver image. However, changes in the D, areas caused by gelatin stain or Jase d
the interest of these tests. Consequently, changes in density of the silver patches shall b
in the Dy, area. This is illustrated by the examples in tables A.1 and A.2 for gach test.

Dichromate bleach test

chromate bleach test example shown in table A.1, the density of the 1,02 density patch de
ult of bleaching. However, there was a stain increase from 0,050 0,11. The net result
for transmission and reflection materials. For transmission, ths. density of the patch due
by simple subtraction of the D, values. For reflection,<the’ density of the patch due
to that for transmission density, except that it includes aback correction equal to one-half
Lin Values. The following formula is used:

corr) = Dpyen (after bleach) — Dy, (after bleach) +~0/5 [D,,, (after bleach) — D, (origina
=0,81-0,11+0,5(0,11 — 0,05)

=0,73
Table A1 — Dichromate bleach test
Dmin Dpatch Dpatch (corr)
Transmission Reflection
Original 0,05 1,02 0,97 0,97
After bleaching 0,11 0,81 0,70 0,73
% Debsity retention — — 72 75

ermine density
scoloration are
e corrected for

creased to 0,81
of bleaching is
to the silver is
to the silver is
of the increase

)]



https://standardsiso.com/api/?name=fa1310f37b436ae08801ff0794517d4e

ISO 12206:1995(E) © |SO

A.3 Hydrogen peroxide incubation test

As illustrated in table A.2, the value for the 0,40 density patch increased by 0,08 due to the hydrogen peroxide
incubation and the D, value increased by 0,06. The effect of the peroxide vapour on the silver is corrected in the
same manner as for the dichromate bleach test. The corrected density of transmission samples is obtained by
simple subtraction of the D, values. For reflection samples, the following formula is used:

Dpaien (cOrr) = Dpyyy, (after test) — Dy, (after test) + 0,5[D,,, (after test) — D, ;, (original)]
=0,48-0,11 +0,6(0,11 — 0,05)

=0,40
Table A.2 — Hydrogen peroxide test
Dpin Dpatch Dpatch (corr)
Transmission Reflection
Original 0,05 0,40 0,35 0,35
After peroxide incubation 0,11 0,48 0,37 0,40
Change due to peroxide — — + 0,02 +.0,05
incubation
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Annex B
(informative)

Variables in silver stabilizing treatments

The stabilizing treatments that are effective for silver
images are also those that have been used for toning.

portant to consider whether any stabilizing treatment
produces an unwanted colour change in the silver

In fact,
chemicg
over a
metals

the—enhanced—image-stability resuttimg—from
| treatment of the silver has been known for
entury[8][9]. Chemical modification by noble
uch as gold can produce a cold or blue tone

caused |py some of the image silver being replaced

by gold
other t

forming an alloy of the two metals[6]l. An-
pe of stabilizing treatment is toning with

compoupds of sulfur or selenium which produce silver

sulfide (¢

r silver selenidel41(51[9]. Such treatments of-

ten cauge a brown or sepia tone. It is therefore im-

TMage. Such changes can be evaluateq
green and blue density measuremenits

by visual, red,

A satisfactory stabilizing treatment must strike a bal-

ance between tone change of-the oridi

nal image, the

degree of chemical conversion, unwanted stains and
solution stability. Other-factors to be [considered are

raw material costs, (conversion speed,

replenishment

rates, toxicity, odour and the nature pf effluents in-

troduced into the waste water.
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Annex C
(informative)

Significance of the test methods

C.1 General

oxide attack. However, the resistance to attack dem-

Deteriorative changes in the nature and appearance
of metallic silvgr images over time are the result of
chemical reactipns which take place between the sil-
ver and a variety of contaminants. Such contaminants
may be intrinsit to the photograph (for example, re-
sidual processing chemicals), or extrinsic (absorbed
from the atmosphere, or from storage enclosures).
Although the [specific reactive species, chemical
mechanisms and environmental circumstances may
vary, protection of silver images against oxidation can
be achieved in|practice in different ways. The hydro-
gen peroxide fliming test and the dichromate bleach
test indicate ether or not protection has been at-
tained, by provjding a surface passivation against at-
tack by perdxides or by substantial chemical
conversion of [the image silver into a less easily
oxidized substance.

C.2 Hydrogen peroxide fuming test

Peroxides may [originate from a number of sources’in
the storage enyironment and have been identified as
a major practicpl cause of silver-image détérioration.
Attack on metdllic silver by peroxides proteeds by a
multistep mechanism, beginning with) the catalytic
decomposition [of peroxide on the.Silver surface and
the simultaneolis oxidation of silver itself. The pres-
ence of adsorbed sulfide ordiodide on the surface of
the silver has been shown\to inhibit or “poison” this
initial  catalytiq step_“\of the mechanism[101[11]
[12][13](14]. Thys, sigpificant protection against per-
oxide attack car} be achieved by a variety of stabilizing
treatments which=imparta-superficial-covering-of-si

enstrated—r—the—hydrogem—peroxide—furmmyg) test is
applicable only to peroxides.

C.3 Importance of the chemical
conversion of silver

Good performance in the hydrogen peroxide|fuming
test does not necessarilyCindicate that a silvef image
will not deteriorate. Protéction must also be secured
against reactive species which directly oxidize metallic
silver. Atmospheric ozone, nitrogen dioxide arld other
strong oxidants/have been shown to affect silver im-
ages in spitevof adsorbed surface coatings ¢f silver
sulfidel4], Apart from direct oxidation by ozong, other
pathways” for corrosion exist which involve slow
solubilization, migration and possible reductioh of sil-
ver;ions in another part of the gelatin layer(131.{In such
eases, contaminants of a reducing nature or species
which form complexes with silver ions can| play a
major role in the deterioration.

The equilibrium between metallic silver and silyer ions
which always exists in close proximity to imagg grains
is disrupted when silver ions diffuse away from the
grain. They may subsequently be reduced at gnother
site or react with other species(14]. The curhulative
effect of slow solubilization in this way is a |gradual
withering away of the original grains.

Regardless of the mechanism of oxidation, the fun-
damental issue is simply that the oxidation potential
of silver itself is not high enough to forestal| attack
from real-world contaminants. Metallic silver images
are not able to withstand adverse environménts for

ver sulfide to the image silver. Polysulfide and acidi-
fied thiourea solutions are examples of treatments
which have this effect.

Because peroxides are of practical importance as a
cause of deterioration, it is useful to have a reliable
test method which determines the degree of peroxide
resistance imparted to silver images by a stabilizing
treatment. The hydrogen peroxide fuming test in this
International Standard uses a relatively high concen-
tration of peroxide, and images which do not discolour
in this test have a high degree of resistance to per-

10

long periods of time.

Stabilizing treatments to prevent oxidation of silver
images by non-peroxide contaminants can therefore
only be effective when they change the fundamental
chemical behaviour of the image substance itself. In
other words, it is necessary to convert silver
chemically to a substance having a higher oxidation
potential. Gold, silver sulfide and silver selenide all fit
this requirement, and stabilizing treatments which
achieve conversion to these substances are widely
used in practice. A critical factor in the evaluation of
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any such treatment is the degree to which the image
is converted from silver to a less easily oxidized sub-
stance such as silver sulfide. Experiments with ozone
and nitrogen dioxide atmospheres have shown that
the unconverted portion of gold and polysulfide toned
images is still vulnerable to attack. The extent of the
conversion determines the extent of the protection in
such atmospheres; the greater the conversion, the
greater the resistance.

The dichromate bleach test specified in this Inter-
national| Standard is a convenient way to determine
approximately the extent to which an image has been
converted to a chemical form which is resistant to
contamipants or slow solubilization. When little or no
loss of glensity occurs after bleaching, the conversion
of silverlis nearly total. Intermediate levels of conver-
sion car| be estimated and expressed as a percentage
of the priginal (after-treatment) density. Conversion
levels of less than 100 % mean that some of the im-
age renpains as metallic silver, and thus the uncon-
verted gortion can be vulnerable to peroxide or other
oxidantg. Because 100 % conversion is not always
practical or aesthetically desirable (significant colour
changeq may result when images are converted),
intermegliate conversion levels are oftén,~used in
practice

This explains why the two tests do not necessarily
correlatg. For example, an image.Wwith a high conver-
sion to [silver selenide, as determined in the bleach
test, may still discolour in\the peroxide test due to
oxidatiop of the unconyerted silver. Likewise, an im-
age with a lower cofvefsion to silver sulfide in the
bleach fest may,show complete protection in the
peroxidg test due\to surface passivation.

The question, of what intermediate degree of conver-
sion corjstitutes a stable image is a matter of individ-

ISO 12206:1995(E)

ual judgement. Experience indicates that a
satisfactory print or duplicate microfilm can be made
from a treated and bleached film which has approxi-
mately 65 % residual blue density after bleaching.
This represents an “insurance image” which is re-
sistant to all oxidants. Images meeting this require-
ment can be considered to be stable, though the
unconverted silver may still deteriorate to some ex-
tent in adverse environments. In applications where
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