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Rubber, vulcanized — Determination of low-temperature

brittleness

1 Scope

1.1 Thfs International Standard specifies a method
for determining the lowest temperature at which
rubber materials do not exhibit brittle failure when
impacted under specified conditions.

Brittleness temperatures thus determined do not
necessarily relate to the lowest temperatures at
which the material may be used, since brittleness
will be modified by the conditions of contact and
especially by the rate of Impact. Data obtained by
this method should therefore be used to predict the
behaviour of rubbers at low temperatures only in
applications in which the conditions of deformation
are similar to those specified In the test.

1.2 Two procedures are described: procedure A.
in which the brittleness temperature is determined,
and procedure B, in which the test piece is impacted
at a specified temperature.

The latter procedure is used in the classification of
rubber materials and for specification purposes,

NOTE 1 A similar lest for rubber-coaled fabrics is de-
scribed in 1SO 4646:1989, Rubber- or plastics-coated fab-
rics ~ Low-temperature impact test.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard, At the time of publi-
cation, the editions Indicated were valid. All stan-

dards are subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the standards In-
dicated below, fy/lembers of IEC and ISO maintain
registers of currently valid International Standards.

ISO 471:1983, Rubber — Standard temperatures, hu-
mid/ties and times for the conditioning and testing
of test pieces.

ISO 1826;1981, Rubber, vulcanized — Time-intervai
between vulcanization and testing — Specification.

ISO 3383:1985, Rubber — General directions for
achieving elevated or subnormal temperatures for
test purposes.

180 4661-1:1986, Rubber, vulcanized — Preparation
of samples and test pieces — Part 1. Physical tests.

3 Definitions

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

3.1 brittleness temperature: The lowest tempera-
ture of non-failure, due to low-temperature em-
brittlement, of the appropriate number of test pieces
tested under the specified conditions.

3.2 testing speed: The relative linear velocity at
impact between the striking edge of the test appar-
atus and a clamped test piece.



A number of different impact testers are available
commercially.The apparatus used shall meet the
requirements specified below for certain of the
components.

4.1 Test piece clamp and striking arm (see
figure 1),

4.1.1 The test piece clamp shall be rigid and de-
signed to bold the test piece(s) as cantilever
beam(s). Each Individual test piece shall be held
firmly and securely in the clamp without distortion.

4.1.2 The striking edge shall move relative to the
test plece(s) along a path normal to the upper sur-
face of the test piece(s) at a linear testing speed of
20m/s + 0,2 m/s at Impact. The speed shall be
maintained within this range for at least 6 mm of
travel following the impact.

in order to obtain a speed within the specified limits
during and after Impact, care shall be taken to en-
sure that the striking energy Is sufficient. It has been
found that a striking energy of at least 3,0 J per test
piece is necessary. It may therefore be necessary to
limit the number of test pieces Impacted at one time.

NOTE 2 Commercial apparatus is available meeting the
requirements of this International Standard in which the
striking edge is driven by a motor, by a solenoid, by
gravity or by a spring. A method for the speed calibration
of a solenoid-actuated-type low-temperalure impact tester
is given in annex A.

4.1.3 The principal dimensions of the apparatus
shall be as follows;

a) the striking edge shall have a radius of
1,6 mm + 0,1 mm;

b) the clearance between the striking arm and the
test piece clamp atimpact shall be
6,4 mm = 0.3 mm;

c) the separation between the point of Impact of the

striking edge and the test piece cfamp shall be
8 mm + 0,3 mm,;

4.2 Temperature Indicator, used with a
thermocouple or other temperature sensing device,
capable of covering the range being tested and ac-
curate to within + 0,5 °C.

A thermocouple constructed of copper and
constantan wires of diameter 0,2 mm to 0,5 mm,
welded at their junction, has been found highly sat-
isfactory.

The thermocouple junction or thermometer bulb
shall be placed as near to the test pieces as poss-
ible.

4.3 HeaMransfer medium, liquid or gaseous, which
remains fluid at the test temperature and which

does not appreciably affect the material beina
tested.

The medium shall be maintained at the test tem-
perature to within + 0,5 °C (see I1SO 3383).
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NOTE 3 The following fluids can be used:

a) for temperatures down to ~ 60 “C. silicone fluids of
kmemar»c viscosJty 5 mmVs at ambient temperature
owing to their chemical inertness towards rubbers
their non-nammabfllity and their non-foxicify;

b) for temperatures down to - 70 “C, methanol or

ethanol;

c) for temperatures down to 120 X, methylcyclo-
hexane coofed by ftquid nitrogen (found to be satis-
factory with the use of suitable apparatus).

5 Test pfeces

Test pieces shall be prepared In accordance with
ISO 4661-1. They shall normally be punched from
sheet using a suitable sharp die. and shall be either

type A: a strip 25 mm to 40 mm long,
6 mm = 1 mm wide and 2,0 mm %= 0.2 mm thick,

or

type B; a test piece 2,0 mm % 0.2 mm thick and
of the shape and dimensions given in figure 2.

Alternatively, type A test pieces may be prepared
using sharp, parallel double-bladed cutters, in a
single stroke. The strip so formed is then cut to the
correct length.

It is essential to use sharp cutters in the preparation

of test pieces if reliable results are to be obtained

Dimensions In millimetres

Figure 2 — Type B test ptece

6 Time Interval between manufacture and
testing
Unless otherwise specified, the lime interval be-

tween vulcanization and testing shall be In accord-
ance with ISO 1826.

71 Procedure A
7.1.1 Test with liquid heat-transfer medium

7.1.1.1 Before running a test, prepare a bath of the
liguid and brmg it to the starting temperature to be
used. Place sufficient liquid in the bath to ensure

approximately 25 mm of liquid covering the test
piece(s).

7.1.1.2 Mount the test piece(s) In the apparatus and

Immerse for 5 min at the test temperature (see
ISO 3383).

The free length of the test piece(s) shall be greater
than 19 mm.

Use four type A test pieces per impact or ten type
B test pieces, if the available striking energy has the
minimum value specified in 4.1.2.

Proper tightening of the clamp is of the utmost im-
portance. The clamp shall be tightened so that each
test piece Is held with approximately the same
pressure.

7.1.1.3 After immersion for the specified time at the
test temperature, record the temperature and de-
liver a single impact blow to the test plece{s),

7.1.1.4 Examine each test piece to determine
whether or not it has failed. Failure is defined as any
crack, fissure or hole visible to the naked eye, or
complete separation into two or more pieces. Where
a test piece has not completely separated, bend It
to an angle of 90” In the same direction as the bend
caused by the impact. Then examine It for cracks at
the bend.

7.1.1.5 Use new test pieces for each impact.

7.1.1.6 In establishing the lowest temperature of
non-failure of a material, It Is recommended that the
test be started at a temperature below the expected
lowest temperature of non-failure and test pieces be
tested at intervals of 10 ®C, one set at each tem-
perature, until no failure is obtained. Then decrease
the bath temperature to the highest value at which
a failure has been observed and make tests at suc-
cessively Increasing temperatures. Steps of 2 °C are
recommended. Make tests at each temperature until
no failure at one temperature is observed. Record
this temperature as the temperature limit of brittle-
ness.



7.1.2.1 Before running a test, adjust the refrigerat-
ing unit and bring ttie test chamber, test apparatus
and test pieces to thermal equilibrium atthe desired
temperature*' (see 1SO 3383).

7.1.2.2 Open the test chamber and test the test
pieces in accordance with the procedure specified
In 7.1.1.2 to 7.1.1.6, except that the test pieces shall
remain at the test temperature for 10 min prior to
being impacted. Conditioning periods longer than
1h may be used for studying crystallization and
time-dependent effects of plasticlzers

7.2 Procedure B

7.2.1 Bring the test plece{s) to equilibrium at the
test temperature specified In the material specin-
cation or classification (see 1SO 3383). Actuate the
test apparatus to deliver a single impact to the test
piece(s).

7.2.2 Remove the test piece(s) from the test cham-
ber and allow to reach a standard temperature (see
ISO 471). Examine the test plece(s) to determine
whether or not failure has occurred as defined in
7.1.1,4.

7.2.3 Test at least four type A or ten type B test
pieces. It Is permissible to impact all four type A or
ten type B at the same time provided that the speed
at Impact and after Impact Is within the apparatus
requirements given In 4.1.2.

An alternative method with a solenoid-actuated
c,a.p .he .op o, .He w.H

7.2.4 Report the material as satisfactory If no fail-
ure Is observed in any one of the set of test pieces,
or unsatisfactory should any failure be observed.

8 Test report

The test report shall include the following infor-
mation:

a) a reference to this International Standard;

b) all details necessary for the complete identifi-
cation of the material tested;

c) the type of test piece used;

d) the number of test pieces used, and the number
Impacted at each impact;

e) the heat-transfer medium and type of test equip-
ment used;

0 whether procedure A or B was used,;
g) the temperature(s) of test;

h) the brittleness temperature in the case of pro-
cedure A;

i) whether or not the materiai was satisfactory in
the case of procedure B.

aratus is to remnuA the k u



Speed calibration of a solenoid-actuated low-temperature impact tester™’

A.1l Speed calibration prior to testing
A.1.1 Principle

The height, h, to which a steel ball, suspended on
the striker mechanism of the tester, rises after the
striker has had its upward motion halted by contact
with a mechanical stop Is measured. The ball de-
celerates in such a manner that the law governing
a body moving freely under the influence of gravity
applies.

A.l.2 Procedure

A.1.21 Securing ball support

Remove either one of the nuts that fasten the strik-
ing bar guide rods to the solenoid armature yoke.
Place the small hole in the ball support {see
ngureA |) over the guide rod and replace and se-
cure the nut.

A.1.2.2 Adjusting stroke or striker

Remove the metal guard from around the solenoid.
Spread open the rubber bumper (see figure A.2) and
insert it around the armature. Replace the solenoid
guard. Insert a typical test piece Into the specimen
holder of the tester. Raise the striking mechanism
by hand until the end of the stroke is reached. It is
essentia! that, with the striking mechanism raised to
its maximum height, the striker bar of the tester is
in contact with the test piece but that the bar is not
in the plane of the test piece. If the striker bar Is not
in contact with the test piece, the rubber bumper
shall be removed and replaced by a thinner bumper.
Conversely, if the striker bar moves into the plane
of the test piece, the bumper shall be replaced by a
thicker one.

A.1.2.3 Placement of ball and measuring tube

Place a 19 mm diameter steel ball on the ball
holder. {In theory, the upward flight of the ball is in-
dependent of the mass of the ball. However, if the
mass is too large, the motion of the striker bar may
be Impeded.) Clamp a glass or clear plastics tube
with a minimum inside diameter of 254 mm in a

vertical position directly over the ball. The tube
should contain a scale divided Into 5 mm Intervals.
The zero position on the scale should be aligned
wtth the top of the ball when the ball Is at the top of
the stroke of the striker mechanism.

A.1.2.4 Measurement and calculation

With the tester equipped as described above and
devoid of test pieces and immersion medium, actu-
ate the solenoid and read the ball height to the
nearest 5 mm. Make at least five measurements.
Average all results and convert the average to me-
tres. Determine the striker speed, v, In metres per
second, from the following equation:

N=4g4 N
where

g is the acceleration due to gravity, in me-
tres per second squared (= 9,8 m/s™);

h is the average ball height, in metres.

NOTE A Calibration measurements should be made with
the tester supported on a non-resilient surface, such as a
laboratory bench or concrete floor. Resilient mountings
tend to absorb some of the striker energy causing low ball
height values.

A.2 Speed calibration during testing

A.2.1 With the tester equipped with ball support,
ball and measuring tube (see A.l1). but without the
rubber bumper (tested in normal operating con-
dition) and devoid of test pieces and immersion
medium, actuate the solenoid and read the ball
height to the nearest 5 mm. Make ten measure-
ments. From the lowest and highest ball height
readings, determine the range in striker speed, us-
ing the equation In A.1.2.4. This range is termed
“range of speed at the top of the stroke".

A.2.2 With the tester equipped as described in
A.2,1, but also with test piece(s) and immersion
medium, conduct the brittleness test as described In
clause 7. Read the ball height each time the
solenoid is actuated. Convert the ball height to
speed as shown in A.1.2.4. If the speed lies within

3) Users should note that this annex applies only lo certain types of impact tester.



the predetermined range of speed at the top of the
stroke, the test should be considered valid. If the
speed lies outside of the predetermined range, the
test is Invalid and should not be reported. Should
successive tests be invalid, adjustments should be
made to bring the speed at the top of the stroke
v/ithin the acceptable, predetermined range. This
may be accomplished by reducing the number of
test pieces tested per impact.

A.2.3 The following example typifies the entire
speed calibration procedure for solenoid-actuated
testers.

a) Using the procedure specified in A.1, the striker
speed at the point of impact of a tester devoid of
lest pieces and immersion medium was found to
be 19 m/s. This speed is within the specified
limits of 4.1.2.

b) Using the procedure in A.2.1, with the tester de-
void of test pieces and immersion medium, the
range of striker speeds at the top of the stroke
was found to be 2.5 m/s to 2.7 m/s. This range
becomes the acceptable range for this series of

<)

d)

e)

tests. The acceptable range should be estab-
lished each time the striker speed at the point of
impact is determined (see A.l).

Using the procedure of A.2.2, with the tester
containing a test piece(s) and immersion me-
dium, the speed at the top of the stroke during
the first solenoid actuation was found to be
25 m/s. The speed is within the acceptable
range and the test is valid.

The speeds at the top of the stroke during the
second and third solenoid actuations were found
to be 24 m/s and 2.3 m/s respectively. These
speeds are outside the acceptable range and
both tests are invalid.

Adjustments were made to Increase the speed
at the top of the stroke, using the procedures
given in A.2,2.

The speeds at the top of the stroke during the
fourth and ail subsequent solenoid actuations
were found to lie between 2,5 m/s and 2,7 m/s.
The results of all these tests are valid.

Dimensions in millimetres



Dimensions in millimetres
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Figure A.2 — Rubber bumper
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