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Brittleness is a property of many materials under’specifi
conditions, which causes them to break or crack:- when

bending. In the case of photographic films and-papers it is
property since satisfactory performance in eguipment or

quires sufficient flexibility (or lack of brittleness) to ensure g

to bending stresses under the atmospheric conditions li
countered in practice.

Photographic films and papers~are laminates of two or

c atmospheric
deformed by
an undesirable
n handling re-
pod tolerances
xely to be en-

more different

materials, usually a plastic of’paper support and firmly bonded gelatin

layers that contain image forming and other substances. 1

structures must have sufficient flexibility to withstand th
posed by bending andflexing during use. However, und
humidity and low temperature conditions, the gelatin layers
tend to become .brittle. This can cause the formation of

breaks when the“laminate is stressed beyond its diminish

withstand bending and flexing.

Different types of brittle failure occur when film and paper

to stress in different ways. For example, failure can cons

cracks in the emulsion (without a break in the suppqg

objéctionable when the photograph is viewed. Under diffe
or with different materials, failure can consist of cracks in
a complete break of all components of the laminate.

Brittleness is not an absolute physical property. The appa
of photographic material is very dependent upon the man
is mechanically treated as well as the ambient conditions

and relative humidity. As a result, no one test for brittlenes
ranking a variety of types of photographic material as they
under widely different practical conditions. The wedge test
specified in this International Standard subjects the photog

to a high rate of strain in a simple folding action. It has be
method of raﬁngﬁni.tﬂe.ness_taumny_vws_and_has_awdi

'hese laminate
B stresses im-
er low relative
and/or support
cracks and/or
ed capacity to

are subjected
st of very fine
rt) which are
rent conditions
the support or

ent brittleness
ner in which it
bf temperature
s is capable of
would behave
for brittleness
raphic material
n an accepted
ted with prod-

uct behaviour under many practical applications. It is a widely accepted

method in the photographic industry. Other methods used

have consisted

of flex tests in which the specimen is subjected to a repeated folding ac-
tion until it breaks or the bending over mandrels of different diameters.

There are a considerable number of flexibility tests avail
dardization is not possible at this time.

able and stan-

Brittleness is affected adversely by both reduced temperature and re-

duced relative humidity. Brittleness at low relative humidity
more frequently than brittleness at low temperature in mo

is encountered
st applications.

Moreover, a marked change in brittleness can occur with only a very small

change in relative humidity below a level of about 25 %.

Consequently

brittleness tests are carried out only in an atmosphere which is very ac-

curately controlled with respect to both temperature and re

lative humidity.
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Brittleness is also very dependent on the sample thickness, increasing
with increasing thickness of either support or emulsion. For this reason,
the thickness of the layers must be considered when comparing the be-
haviour of different materials. The thermal and moisture exposure history
of the material between manufacture and testing can also affect the
brittleness, even though the sample is reconditioned to a standard tem-
perature and humidity. Gelatin is generally more brittle than the support,
so that photographic products having a gelatin layer on only one side are
usually more brittle when bent with the gelatin side out (that is, gelatin
under tension). Brittleness can vary with the bend axis depending upon
the orientation of the support. There is generally no directional effect in the
brittleness of the emulsion.
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INTERNATIONAL STANDARD

ISO 6077:1993(E)

Photography — Photographic films and papers —

Wedge test for brittleness

1 Scope

This Interpational Standard specifies a method for
determinirlg and expressing quantitatively the brittle-
ness of photographic film and papers. It does not,
however, |specify a universal brittleness test for all
types of gtress encountered for which special tests
can be rgquired to correctly rate the material for
brittleness.

The methpd is applicable to films with or \without a
gelatin bagking and to fibre-based or resin-coated (RC)
photographic papers. It may also be applied to either
raw or prpcessed materials although_the brittleness
level can e quite different after proeessing from that
before prgcessing.

2 Normative reference

The following standard contains provisions which,
through referénce in this text, constitute provisions
of this In?ernational Standard. At the time of publi-

3 Principle

Measurement of the opening of a wedge at which a
specimen loop fails when subjected to high strains.

4 Apparatus

4.1 Wedge tester for brittleness

The wedge tester for brittleness copsists of two
non-parallel metal plates or jaws, which|form a wedge
or V as shown in figures 1 and 2. A clamp is attached
to one jaw at the narrow end of the yvedge to hold
one end of the specimen. A scale is grovided which
gives the wedge separation between the two jaws at
any point. [1]

The dimensions for the wedge tester a

cation, the edition indicated was valid. All standards
are subject to revision, and parties to agreements
based on this International Standard are encouraged
to investigate the possibility of applying the most re-
cent edition of the standard indicated below. Mem-
bers of IEC and ISO maintain registers of currently
valid International Standards.

ISO 483:1988, Plastics — Small enclosures for con-
ditioning and testing using aqueous solutions to
maintain relative humidity at constant value.

Il ﬂdb d weuge angle OT L ,
opening of 74 mm.

4.2 Test chamber

An air-conditioned box or walk-in room shall be used
for both conditioning and testing. The temperature
shall be controlled within + 1 °C and the relative hu-
midity to within £ 1 %" of the specified values. The
linear air velocity shall be at least 15 cm/s. If a walk-in
conditioned room is used, the air velocity shall be ad-
equate to maintain the conditions specified. The

1) To control the relative humidity to this accuracy usually requires a dewpoint method.
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number of personnel permitted in the room during
testing shall be limited and precautions shall be taken
to prevent the operator's breath reaching the material.

5 Sampling

5.1 Preparation of specimens

Specimens shall be cut in an atmosphere of 20 °C to
23 °C and from 40 % to 55 % relative humidity?. The
cutter shall be of a precision type and shall be kept

reached. This may be determined by weighing speci-
mens at regular intervals and determining the time at
which further conditioning does not appreciably
change the mass. In many instances, this time will be
in the vicinity of 4 h for photographic film, 1 d for
fibre-based papers and 7 d for RC papers. However,
actual times will vary due to access of the con-
ditioning air and the type and thickness of the ma-
terial. The specimens shall be held in racks permitting
free circulation of air.

sharp so that the specimens' edges are smooth and
free of nicks. Rubber gloves shall be worn by the op-
erator in handlihg the specimens, both in their prep-
aration and tesfing.

5.2 Selection of specimens

A set of ten specimens shall be prepared for each
test. If there ig sufficient material, one set of speci-
mens should be cut in the machine direction and a
second set in the transverse (cross) direction. If the
film has a disdrete backing layer, a separate set of
specimens shdll be cut in at least one of the two
principal directijons for testing with the backing con-
vexX.

5.3 Size of $specimens

The standard specimen size shall be 350 mm long by
15 mm to 16 mm wide. |f the sample size available
does not permit a 350 mm specimen length,~the
length can be fffectively increased by taping .a“film
or paper leadgr to the specimen and placing the
specimen end| in the clamp. Although™ynot rec-
ommended, 16 mm perforated film may betested for
comparative pyrposes only, by cutting\off the perfor-
ated edges and testing a specimen-9 mm wide. Sim-
ilarly, 35 mm film may be tested,~but the results are
not necessarily|comparable to‘the standard 15 mm to
16 mm width.

6 Conditiohing:and test conditions

6.2 Test conditions

The standard relative humidity for-testing| shall be
(15 + 1) %. However, other relative humidities such
as 10 %, 20 % and 35 % or approximations thereof,
utilizing stable saturated solutions in a closed box can
prove useful.¥ The standard/temperature for testing
shall be 23 °C + 1 °C., However, other temperatures
may be used where the effect of temperature is to
be investigated.

The specimen‘shall not be removed from|the con-
ditioning atmaosphere for testing except at a[tempera-
ture of 0 °C. For testing film at 0 °C or bglow, the
specimens shall be conditioned at the desirdd relative
humidity at 23 °C, sealed in small, taped car}s, cooled
long‘enough to reach the test temperature|and then
removed, one at a time, for testing®.

7 Procedure

Fasten one end of the specimen in the clamp at the
narrow end of the wedge. Loop the | material,
emulsion out, within the wedge, with a |sufficient
length at the free end, extending through the narrow
opening of the wedge, to allow it to be pulled. Make
a mark on the clamped end of the specimen at the
point where the narrow end of the wedge|starts (at
the 1,5 mm scale marking). Pull the specimgen by the
free end completely through the narrow opening of
the wedge using a smooth, rapid motion gompleted

6.1 Conditioning of specimens

Specimens shall be conditioned in the test chamber
until practicable moisture equilibrium has been

within 1 5.9 Remove the specimen from the clamp
and fay it on the sca‘re—vvi‘rh‘rh'e—rﬁa'rk‘a‘ﬁ'gﬂed at the
end corresponding to 1,5 mm. Read the wedge sep-
aration at the point of failure of the specimen directly

from the scale to the nearest 0,5 mm.

2) If the specimens are cut at relative humidities lower than 40 %, it can be difficult to obtain smooth edges. Handling under
these conditions can also cause emulsion cracking which will affect the subsequent brittleness results. Exposure to relative
humidities greater than 55 % can permanently alter the subsequent brittleness behaviour of some films and photographic pa-

pers.
3) See ISO 483.

4) Direct control of relative humidity at temperatures of 0 °C or below is impracticable, but once photographic material is
conditioned, the rate of gain or loss of moisture is much lower at low temperatures.

5) The speed of testing in the range from 1 s to 6 s had relatively little effect on the brittleness values obtained with several

films investigated.
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If emulsion cracks occur®, record the wedge separ-
ation for both the first emulsion crack and the com-
plete material break. The former can also be found
from the broken specimen, it being necessary to
examine both pieces of the material.

Films which have emulsion on both sides or with a
discrete backing layer shall be tested in duplicate,

ISO 6077:1993(E)

c) the mean wedge separation for complete breaks
(including values of 1 mm for those specimens
which did not break);

d) the percentage of specimens showing complete
breaks;

e) the mean wedge separation for first failure,

testing each side separately.

Photographic film and paper_shall have satisfactory

whether a crack or break (includi

ng values of

1 mm for those specimens which did not fail);

f) the temperature and relative humidity at which the

adhesion
wedge seqaration to reflect the brittleness. If the ad-
hesion is npt satisfactory, the emulsion will strip from

the suppo
at strjppi

8 Test

_during the test and the wedge separation
g will be very dependent upon the
se adhesion and will not reflect brittle-
complete laminate.

report

8.1 Test data

Specimens
the wedge
assigned 4
mean to

specimens

The follow
ner in wh
lengthwise
convex:

a) the me
crack fa

which pass through the narrowest part of
(1,5 mm) without failure shall be arbitrarily

value of 1 mm to enable an arithmetic
pe calculated with the values for those
which fail by breaking.

ng values shall be reported for each man-
ch the material was tested, for ‘example
widthwise, emulsion convex‘and backing

hn wedge separation for the first emulsion
r those specimens Which exhibit cracks;

b) the pefcentage of spécimens showing emulsion

cracks;

TeStWas carried our;

g) the average thickness of the specim
if not 15 mm to 16 mm);

h) whether the narrow or.wide wedge

8.2 Significance

It is important to)note whether the s
emulsion cracks or by a complete bre

Bn (and width,

was used.

mple fails by
gk, since this

can give information about the reasons flor brittleness.

Emulsion_cracks are influenced by the
the emulsion layer and the emulsion b
Breaks' are affected by these two fag
with~“the brittleness of the base. First

brittleness of
Bse adhesion.
tors together
Hailure meas-

urements give a single value for the brittleness of the

laminate, but no information as to the
brittleness.

cause of the

A difference in the mean wedge test brittleness be-

tween two materials of less than 1
lieved to be significant.

A qualitative judgement of the acceptab)
brittleness of a material is very depen
nature and use. For example, a motig
requires a low level of brittleness as it
and flexed over small diameter rollers
when in use. However, a thick-base ph
per can tolerate much higher wedge \
generally not flexed during use.

m is not be-

le wedge test
dent upon its
n-picture film
is transported
band sprockets
btographic pa-
alues as it is

6) Emulsion cracks can best be seen under strong illumination by a direct (parallel, collimated) Iight beam. Frequently, exam-
ination of emulsion cracks can most easily be detected from the back of the specimen, provided it does not have a backing
layer. Holding the material under a slight tension or viewing with transmitted light is sometimes helpful.
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Dimensions in millimetres

—

Clamp O A
N

Wedge opening scale

M T T T T T T T T T T T T T TT]Txd
25 20 1 10 5 15
200
50
15%
o~ )
(‘:l «~
Clamp
Wedge
opening 25

x) ‘This dimensiop{may vary from 2,5 to 25.

Figure 1 — Narrow wedge tester for brittleness
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Dimensions in millimetres
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Wedge opening scale
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50
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Clamp
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opefing 74

S

x) This|dimension may vary from 2,5 to 25.

Figure 2 — Wide wedge tester for brittleness
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