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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
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INTERNATIONAL STANDARD ISO 812:2011(E)

Rubber, vulcanized or thermoplastic — Determination of low-
temperature brittleness

WARNING — Persons using this International Standard should be familiar with normal laboratory
practi i i sociated with
. It is the responsibility of the user to establish appropriate safety and health practices and to
compliance with any national regulatory conditions.

IMPORTANT — Certain procedures specified in this International Standard might involve the use or
generation of substances, or the generation of waste, that could constitute ‘a local gnvironmental
hazard. Reference should be made to appropriate documentation on safe’handling and Hisposal after
use.

1 Scope
This Ipternational Standard specifies a method for determining the lowest temperature at| which rubber
materigls do not exhibit brittle failure or the temperature at which half of the test pieces used in & test fail when
impacted under specified conditions.
The temperatures thus determined do not necessarily’relate to the lowest temperature at whi¢h the material
can belused since the brittleness will be affected by-the conditions of test and especially by the [rate of impact.
Data ¢btained by this method should, therefore, be used to predict the behaviour of rubbers at low
tempefatures only in applications in which the:-eonditions of deformation are similar to those gpecified in the
test.
Three procedures are described:

— prpcedure A, in which the brittleness temperature is determined;

— prpcedure B, in which.the brittleness temperature for 50 % failure is determined;
— prpcedure C, infwhich the test piece is impacted at a specified temperature.

Procedure C issused in the classification of rubber materials and for specification purposes.

NOTE A ‘similar test for rubber-coated fabrics is described in 1SO 4646, Rubber- or plastics-cpated fabrics —
Low-tempeérature impact test.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 18899:2004, Rubber — Guide to the calibration of test equipment

ISO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test
methods

© 1SO 2011 — All rights reserved 1
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

brittleness temperature

lowest temperature at which none of a set of test pieces fractures due to low-temperature embrittlement when
tested under the specified conditions

3.2

50 % brittleness temperature
temperature at which 50 % of a set of test pieces fracture due to low-temperature embrittlement when tested
under the spegified conditions

3.3
testing speed
relative linear yelocity at impact between the striking edge of the test apparatus and a clamped test pieqe

4 Apparatus and materials
4.1 Test pigce clamp and striker, meeting the requirements of 4.1.1 to 441.8:
41.1 The tdgst piece clamp shall be rigid and designed to hold the test.piece(s) as cantilever beam(s). Each

individual test [piece shall be held firmly and securely in the clamp without distortion. A suitable exampgle of a
clamp is showp in Figure 1.

3

1
Key
1 test piece
2 body of clapp
3 holding scrgw
4 test piece hoplder

Figure 1 — Example of test piece clamp

4.1.2 The striking edge shall move relative to the test piece(s) along a path normal to the upper surface of
the test piece(s) at a linear testing speed of 2,0 m/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 ensure 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 might, therefore, be necessary to limit the number of test pieces impacted at one time.

2 © 1S0O 2011 — All rights reserved
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4.1.3 The principal dimensions of the apparatus [see Figures 2a) and 2b)] shall be as follows:

a) th

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

b) the clearance between the striker and the test piece clamp at impact shall be 6,4 mm + 0,3 mm;

c) the separation between the point of impact of the striking edge and the test piece clamp shall be

8
d) th

NOTE
striking
for the

tes
stri
tes
loc
loc

a b~ WN =

4.2
not ap

mm + 0,3 mm;

e clamping length of the test piece clamp shall be 6,8 mm + 0,3 mm.

Commercial apparatus is available meeting the requirements of this International Standard in which the

peed calibration of a solenoid-actuated low-temperature impact tester is given in Annex A.

edge is rotated by a motor, or travels in a straight line under the action of a solenoid, gravity or a gpring. A method

Dimensions in millimetres

3

s described by point“on striker closest to test piece clamp
s described bydmpact point on striker

Figure 2 — Test piece clamp and striker

Heat-transfer medium, liquid or gaseous, which remains fluid at the test temperature a
reciably affect the material being tested, as prescribed in ISO 23529

6,8 0,3 \ b8 0,3
3 LRALS \
/ R1,6-%0,1
| / % S / %
| 7 g -
1 b 0.4 £0.3 A 6.4 +03
; —
| 8 +0,3 4 8 +0,3
|
=19 219
a) Straight-line motion b) Rotational motion
piece
er
piece clamp

hd which does

Gases can be employed as the heat-transfer medium provided the design of the apparatus is such that results
obtained using them will duplicate those obtained with liquids.

The following fluids have been used satisfactorily:

a) for temperatures down to —60 °C, silicone fluids of kinematic viscosity of about 5 mm2/s at ambient
temperature, which are usually suitable owing to their chemical inertness towards rubbers, their non-
flammability and their non-toxicity;

b) for temperatures down to -73 °C, ethanol;

c) for temperatures down to —120 °C, methylcyclohexane cooled by liquid nitrogen (found to be satisfactory
with the use of suitable apparatus).

© 1SO 2011 — All rights reserved
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4.3 Temperature-measuring device, capable of measuring the temperature to within 0,5 °C over the
whole range of temperatures over which the apparatus is to be used.

The temperature sensor shall be positioned near the test pieces.

4.4 Temperature control, capable of maintaining the temperature of the heat-transfer medium to
within +1 °C.

4.5 Container for the heat-transfer medium: A bath for a liquid medium or a test chamber for a gaseous
medium, with means of heating the heat-transfer medium.

4.6 Means of agitating the heat-transfer medium: A stirrer for liquids, or a fan or blower for gases, which
ensures thoroligh circulation of the heat-transfer medium. It is important that the stirrer also moves the liquid
vertically to ensure a uniform temperature in the liquid.

4.7 Stopwalch or other timing device, calibrated in seconds.

5 Calibrafion

The test apparatus shall be calibrated in accordance with the schedule given infAnnex B.

6 Test pigces

Test pieces shiall be

— either type A:  a strip 26 mm to 40 mm long, 6 mm + 1. mrm wide and 2,0 mm + 0,2 mm thick;
— ortype B: a test piece 2,0 mm + 0,2 mm thick and of the shape and dimensions given in Figure 3.
Test pieces shall be prepared in accordance with~ISO 23529. They shall normally be punched fron} sheet
using a suitable sharp die. Alternatively, type-A test pieces can be prepared using sharp, parallel double-

bladed cutters| in a single stroke. The strip se\formed is then cut to the correct length.

Dimensions in millimetres

6357+0,1 25 5

2,5 201

6,35 0.1

Eigure-3—Type-B-testpiece

7 Time interval between manufacture and testing

Unless otherwise specified, the time interval between the date the material was formed and testing shall be in
accordance with ISO 23529.

4 © 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=0054e947e4e5acd493d56666b54bcdbb

ISO

8 Procedure

8.1 Procedure A (determination of brittleness temperature)

8.1.1

812:2011(E)

Bring the bath or test chamber to a temperature below the expected lowest temperature of non-failure.

In the case of a liquid heat-transfer medium, place sufficient liquid in the bath to ensure approximately 25 mm
depth or more of the liquid over the test piece(s). Pre-cool the test piece clamp by immersing it in the cooled

bath or test chamber.

8.1.2 Quickly mount the test piece(s) in the test piece clamp and immerse them for 5 min at the test

temperature when using a liquid medium or for 10 min when using a gaseous medium (see also

ISO 23529).

NOTE
before 1

For very soft materials, it might be necessary to use a device to support the test piece horig
he striker is released.

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

Test fi
they mpy all be tested at the same time.
Proper
piece i

tightening of the clamp is of the utmost importance. The clamp shall be tightened so
5 held with approximately the same clamping torque.

NOTE § It has been reported that the temperature at which a test piece fails might be affected by the
Clamping to a torque of 0,15 N-m to 0,25 N-m is suggested.

8.1.3
single

After immersion for the specified time at the test'temperature, record the temperaturg
mpact blow to the test piece(s).

8.1.4

tempe
fissure
has nd
impact

Remove the test pieces from the test piece clamp and allow them to reach stand
ature. Examine each test piece to determirie whether or not it has failed. Failure is define|
or hole visible to the naked eye, or.complete separation into two or more pieces. Whe
t completely separated, bend it t6_an angle of 90° in the same direction as the bend
Then examine it for cracks atthe.bend.

8.1.5
of test
value
determ

Repeat the test at eachrof-a series of successively higher temperatures 10 °C apart, u
pieces at each temperature, until no failure is obtained. Then decrease the temperature
bt which a failure was-observed and carry out tests at temperatures increasing at 2

If crysfallization or time-dependent effects of plasticizers are to be studied, longer conditionin
gaseolis medium~-may be used.

8.2 Procedure B (determination of 50 % brittleness temperature)

ontally until just

e type A or type B test pieces. If the available striking energy has the minimum value spgcified in 4.1.2,

that each test

lamping torque.

and deliver a

ard laboratory
d as any crack,
re a test piece
caused by the

5ing a new set
to the highest
C intervals to

ine the temperature at which no failure is observed. Record this as the brittleness temperature.

g periods in a

8.21

Ty P 4, Excep
which 50 % failure is expected.

8.2.2 If all of the test pieces fail at the starting temperature, increase the temperature by 10

€ starting temperature is that at

°C and repeat

the test. If none of the test pieces fail at the starting temperature, decrease the temperature by 10 °C and
repeat the test. Increase or decrease the temperature in increments of 2 °C and repeat the test until the lowest
temperature at which none of the test pieces fails and the highest temperature at which all of the test pieces
fail is determined. Record the number of failures at each temperature. Use a new set of test pieces at each
temperature. Determine the 50 % brittleness temperature by calculation using the equation in 8.2.3 or by the
graphical method described in 8.2.4.

© 1SO 2011 — All rights reserved
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8.2.3 Calculation: From the number of failures at each temperature, calculate the percentage of failures at
each temperature to determine the 50 % brittleness temperature from the following equation:

no test

age of
these

S 1
T, =Ty +AT| — ——
b= "h (100 2)
where
Ty, is the 50 % brittleness temperature (°C);
Ty, is the highest temperature at which all test pieces fail (°C);
AT is thelinterval between the test temperatures (°C);
S is the total of the percentages of failures at each temperature, from the temperature-at which
piecel fails to the temperature at which they all fail, 7}, (%).
8.2.4 Graphical method: From the number of failures at each temperature, calculate the percen
failures at edch temperature. Next, using normal probability paper as shown\in' Figure 4, plot
percentages gdgainst the temperature, taking the temperature on the linear seale and the percenfage of

failures on the
point of interse

Key
X percentage

probability scale, and draw the best-fit straight line through the{points. The temperature
ction of this line and the 50 % probability line is 7},, the 50 % brittleness temperature.

Y

A

L0 |

-38

-36

-34

-32

=30

>

X

-28

2 5 10 20 30405060 70 80 90

of failures (%)

at the

Y temperatur

(°C)

Figure 4 — Determination of 50 % brittleness temperature, 7, by the graphical method

8.3 Proced

8.3.1
in the material

8.3.2
unsatisfactory

ure C (testing at a specified temperature)

specification or material classification.

if any test pieces have failed.

© ISO 2011 — All rights
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9 Precision

See Annex C.

10 Test report

The test report shall include the following information:

a) sample details:

1)
2)
b) te
1)
2)
3)

c) te

d) te

3)

£l o
oo

cerniian-afth. aSrant P2 Y PPN
o COUTMPToTT UT e~ Saripre—arta tS orygrTT,

the method of preparation of the test pieces from the sample, for example moulded or
5t method:
a reference to the test method used, i.e. the number of this International Standard,
whether procedure A, B or C was used,
the type of test piece used;
5t details:
the heat-transfer medium and type of test equipmeént used,
the laboratory temperature,
the time and temperature of conditioning:prior to test,
the temperature(s) of test,
details of any procedures not'specified in this International Standard;
5t results:
the number of testpieces used, and the number impacted at each impact,
in the case of procedure A or B, the brittleness temperature or 50 % brittleness
respectively;
in the\case of procedure C, whether or not the material was satisfactory;
b date of the test.

©1S0O 2011 - All rights reserved
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Annex A
(informative)

Speed calibration of a solenoid-actuated low-temperature impact tester?)

A.1 Speed calibration prior to testing

A.1.1 Principle
The height, #,|to which a steel ball, suspended on the striker mechanism of the tester, rises dfter the| striker

has had its upyvard motion halted by contact with a mechanical stop is measured. The ball decelerates |n such
a manner that the law governing a body moving freely under the influence of gravity applies.

A.1.2 Procefure

A.1.2.1 Securring ball support

Remove either one of the nuts that fasten the striking bar guide rods to the ‘'solenoid armature yoke. Place the
small hole in the ball support (see Figure A.1) over the guide rod and replace and secure the nut.

Dimensions in millimetres

@  Thickness 4 3,2 mm.

Figure A.1 — Ball support

A1.2.2 Adjysting'stroke or striker

Remove the metal guard irom 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 essential 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 should be removed and replaced by a thinner bumper. Conversely, if the striker bar moves
into the plane of the test piece, the bumper should be replaced by a thicker one.

1) This annex applies only to certain types of impact-testing apparatus.

8 © 1SO 2011 — All rights reserved
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Dimensions in millimetres
#=90

25

12,1

L

25

Hardneps of bumper ~ 70 IRHD

Figure A.2 — Rubber bumper

A.1.2.3 Placement of ball and measuring tube

Place B 19 mm diameter steel ball on the ball holder. Clamp*a glass or clear-plastic tube wjth a minimum
inside fliameter of 25,4 mm in a vertical position directly overthe ball. The tube should contain & scale divided
into 5 Mm intervals. The zero position on the scale should be aligned with the top of the ball when the ball is at
the top of the stroke of the striker mechanism.

NOTE In theory, the upward flight of the ball is independent of the mass of the ball. However, if the njass is too large,
the motjon of the striker bar might be impeded.

A.1.2.4 Measurement and calculation
With the tester equipped as descfibed above and devoid of test pieces and immersion medium, actuate the
soleno|d and read the ball height to the nearest 5 mm. Make at least five measurements. Avefage all results

and cdnvert the average to métres. Determine the striker speed, v, in metres per second, from the following
equation:

v E\J2gh

where

g | As the acceleration due to gravity, in metres per second squared (= 9,8 m/s2);

h  is the average ball height, in metres.
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.

©1S0O 2011 - All rights reserved 9
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A.2 Speed calibration during testing

A.2.1

With the tester equipped with ball support, ball and measuring tube (see Clause A.1), but without the

rubber bumper (tested in normal operating condition) and devoid of test pieces and immersion medium,
actuate the solenoid and read the ball height to the nearest 5 mm. Make ten measurements. From the lowest
and highest ball height readings, determine the range in striker speed, using 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 8. 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 the predetermined range of
speeds at the top of the stroke, the test should be considered valid. If the speed lies outside the

predetermined
invalid, adjust
predetermined

A.23 Thefo

a) Using the
test piece
in4.1.2.

b) Using the
striker sp
acceptabl
striker spe

c) Using the
the top of
acceptabl

d) The spee
24 m/s a
invalid.

e)

f)  The spee
to lie betw

10

ments should be made to bring the speed at the top of the stroke within the_acce
range. This may be accomplished by reducing the number of test pieces tested perimpa

lowing example typifies the entire speed calibration procedure for solenoid-actuated test
procedure specified in Clause A.1, the striker speed at the point of impact of a tester dg
s and immersion medium was found to be 1,9 m/s. This speed is. within the limits sf
procedure in A.2.1, with the tester devoid of test pieces an@ immersion medium, the ra

beds at the top of the stroke was found to be 2,5 m/s {o, 2,7 m/s. This range becon]

ed at the point of impact is determined (see Clause A®)).

range, the test is invalid and the result should not be reported. Should successive. t¢sts be

ptable,
ct.

br's.
void of

ecified

nge of
es the

b range for this series of tests. The acceptable rangé’should be established each tine the

procedure in A.2.2, with the tester containing testipiece(s) and immersion medium, the s
b range and the test is valid.

s at the top of the stroke during the_second and third solenoid actuations were foun
nd 2,3 m/s, respectively. These speeds are outside the acceptable range and both te

Adjustments were made to increase-the speed at the top of the stroke, using the procedure given i

s at the top of the stroeke during the fourth and all subsequent solenoid actuations wereg
een 2,5 m/s and 2;7m/s. The results of all these tests are valid.

eed at

the stroke during the first solenoid actuation\was found to be 2,5 m/s. The speed is within the

to be
Bts are

nA2.2.

found

© ISO 2011 — All rights
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Annex B
(normative)

Calibration schedule

B.1 Inspection

Before
inspec
in the °

It shall
specifi

any calibrafion is underfaken, the condition of the items to be calibrated shall be ascertained by
ion and recorded in any calibration report or certificate. It shall be reported whether califjration is made
as-received” condition or after rectification of any abnormality or fault.

be ascertained that the apparatus is generally fit for the intended purpose, ‘including apy parameters

bd as approximate and for which the apparatus does not therefore need, te’ be formally calibrated. If

such pgarameters are liable to change, then the need for periodic checks shall’be written in

calibralion procedures.

B.2 Schedule

Verification/calibration of the test apparatus is a mandatory part’of this International Standard
hcy of calibration and the procedures used are, ufless otherwise stated, at the dig
hal laboratory, using ISO 18899 for guidance.

freque
individ

The c4
test m

appar:

For ea

libration schedule given in Table B.1 has been-compiled by listing all of the parameters 5
tus, to part of that apparatus or to an ancillary apparatus necessary for the test.

Ch parameter, a calibration procedure is indicated by reference to ISO 18899, to anothe

o the detailed

However, the

cretion of the

pecified in the

thod, together with the specified requirement. A parameter and requirement can relate tp the main test

publication or
which is more

to a prpcedure particular to the test method which is detailed (whenever a calibration procedure]
specifi¢ or detailed than that in ISO-38899 is available, it shall be used in preference).
The verification frequency fer each parameter is given by a code-letter. The code-letters used in the
calibration schedule are:
C| requirement {o'be confirmed, but no measurement;
N| initial verification only;
S| standard interval as given in ISO 18899;
Ul —nuse-

©1S0O 2011 - All rights reserved
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Table B.1 — Calibration frequency schedule

transfer medium

agitation

Clause or Verification
Parameter Requirement subclause in frequency Notes
1ISO 18899:2004 guide
Test piece clamp Holds test piece as a cantilever
firmly and securely without C U See Figure 1
distortion
Path of striking edge Normal to upper surface of test c N .
at impact piece
Linear Speed of 2,0 m/s + 0,2 m/s at |mpaCt
e . S 234 S —
striking edge and-for =6 after impact
Striking energy >3,0 J per test piece 21.5 —
Striking-edge fadius 1,6 mm + 0,1 mm 15.3 SeeFigure] 2
Clearance betfveen 6,4 mm =+ 0,3 mm
striker and clamp at 15.2 S See Figure] 2
impact
Separation befween 8,0 mm £ 0,3 mm
striking edge and 15.2 S See Figure] 2
clamp at impag¢t
Temperature- Accurate to within 0,5 °C and
measuring deVice as near as possible to the test 18 S —
pieces
Temperature dontrol Accurate to within £1 °C As shown by
(S U temperaturp-
measuring dgvice
Container for Heat- Equipped with a means of c N L

Heat-transfer medium

Which does not effect the
rubber and is as prescribed in
ISO 23529

Suitable liquidg] listed
in4.2

In addition to [the items listed in Table B.1, use of the following is implied, all of which need calibrgting in
accordance with ISO 18899:

— atimer;

— instruments for determining the dimensions of the test pieces.

12
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