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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 Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The proced

rawn to the possibility that some of the elements of this document may be the subj
4. ISO shall not be held responsible for identifying any or all such patent-rights. Det

on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngme used in this document is information given for the convéniéence of users and do
constitute ar} endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific term,
expressions [related to conformity assessment, as well as information about ISO's adherence f{
World Trade|Organization (WTO) principles in the Technical\Bdrriers to Trade (TBT) see the foll
URL: www.ido.org/iso/foreword.html.

This documpnt was prepared by Technical Committee ISO/TC 45, Rubber and rubber pro
Subcommitt¢e SC 2, Testing and analysis.

This sixth edlition cancels and replaces the fifthedition (ISO 2921:2011), which has been techn
revised.

The main chgnges compared to the previous edition are as follows:
— In 5.8, a flarification has been included as for how to set the slight tension on the test pieces.
— Precision results has been-added as Annex B.

Any feedback or questions,on’this document should be directed to the user’s national standards b
complete listing of these-bodies can be found at www.iso.org/members.html.
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Rubber, vulcanized — Determination of low-temperature
characteristics — Temperature-retraction procedure (TR
test)

WARNING 1 — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its
use. Itis the responsibility of the user to establish appropriate safety and health prac

ctices and to

deter

WAR
of su
Refern

mine the applicability of any other restrictions.

NING 2 — Certain procedures specified in this document might involve thejuse o
bstances, or the generation of waste, that could constitute a local environme
ence should be made to appropriate documentation on safe handlingand dispos

1

of str

ope

ThisTocument specifies a method for the determination of the temperature-retraction ch

ptched vulcanized rubber.

This glocument does not cover thermoplastic rubbers, as many thermoplastic elastomers

point
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const
undat

[SO1
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in the range of 5 % to 20 % elongation.

ormative references

bllowing documents are referred to inthe text in such a way that some or all of
tutes requirements of this document.“\For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

B899:2013, Rubber — Guide to the calibration of test equipment

8529, Rubber — General procedures for preparing and conditioning test pieces for physica

erms and definitions
'ms and definitions are listed in this document.

1d IEC maintain terminological databases for use in standardization at the following

$0 Oriline browsing platform: available at http://www.iso.or

]

ECElectropedia: available at http://www.electropedia.org/

I generation
ntal hazard.
al after use.

aracteristics

have a yield

their content
applies. For
ents) applies.

test methods

addresses:

4 Principle

A test piece is stretched at standard laboratory temperature and then cooled to a sufficiently low
temperature such that retraction does not occur upon removal of the stretching force. The stretching
force is removed and the temperature increased at a uniform rate. The temperatures at which specified

perce

ntage retractions occur are determined.

5 Apparatus

5.1 Retraction apparatus, comprising the components specified in 5.2 to 5.8 (see also Figure 1).

© IS0 2019 - All rights reserved
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5.2 Heat-transfer medium, liquid or gaseous, which remains fluid at the test temperature and which
does not appreciably affect the material being tested, as prescribed in ISO 23529.

Gases may 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:

inertness towards rubbers, their non-flammability and their non-toxicity;

A kinematic viscosity of about 5 mm?/s at ambient temperature has been found suitable.

for temperatures down to -60 °C, silicone fluids are usually suitable owing to their chemical

a)
NOTE
b) for temp
c) for temg
satisfact
5.3 Tempe

whole range

eratures down to =73 °C, ethanol;

eratures down to -120 °C, methylcyclohexane cooled by liquid nitrogen (found
ory with the use of suitable apparatus).

rature-measuring device, capable of measuring the temperature towithin 0,5 °C ov
pf temperatures over which the apparatus is to be used.

The temperafture sensor shall be positioned near the test pieces.

5.4 Tempg
within +1 °C,

5.5 Conta;IIn

gaseous me

5.6 Means
which ensur
moves the lid

5.7 Stopw:

5.8 Racky
and a locking

rature control, capable of maintaining the temperature of the heat-transfer medi

er for the heat-transfer medium: A bath for a'liquid medium or a test chamber
ium, with means of heating the heat-transfer medium.

of agitating the heat-transfer mediuni: A stirrer for liquids or a fan or blower for
bs thorough circulation of the heat-transfer medium. It is important that the stirre
uid vertically to ensure a uniformtemperature in the liquid.

htch or other timing device, calibrated in seconds.

yith test piece holders, equipped with a loading device, holders for one or more test |
device for the upper:(movable) test piece holders (see Figure 1).

The rack shalll be designed«to maintain a slight tension (10 kPa to 20 kPa in air) on each test piec

to permit thg
holder to be
provided to ¢
of 0,25 mm

m to be stretched up to a maximum of 350 %; the design shall permit the upper test]
locked into(position at the chosen elongation and subsequently released. Means sh
nable thelength of each test piece to be read, at any time during the test, with an acc
or better.

Alternativel

to be

er the

m to

for a

bases,
r also

bieces

e and
piece
all be
uracy

a-series of removable scales gmdlm‘rpd to allow the retraction to bhe read directl

as a

percentage of the elongation of the frozen rubber with an accuracy of +0,5 % may be used as longés the
tolerance is met.

The rack shall be designed to keep a slight tension of 10 kPa to 20 kPa in the liquid used.

Set the extra slight tension by having the upper test piece holder in a position in the middle of the
elongation to be used and balance the holder. Then add weights to get the tension in the range of 10 kPa
to 20 kPa. This is done at standard laboratory temperature.

NOTE

depending of the volume of the test piece holder in the liquid.

The tension of the upper test piece holder is influenced of the liquid having a buoyancy effect

The movable parts of the apparatus shall be constructed so that the lowest possible friction occurs.

© ISO 2019 - All rights reserved
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Figure 1 — Example of a retraction apparatus
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6 Calibration

The test apparatus shall be calibrated in accordance with the schedule given in Annex A.

7 Test pieces

7.1 Preparation

Test pieces shall be prepared in accordance with [SO 23529.

7.2 Types

7.2.1 Sta

The standa
with Figure

piece with a
test piece wi
be cut with a
or from finis

The 50 mm t
system is +0

7.2.2 Test

Alternatively
O-ring with &

Note that su
two sizes of
different typ

7.3 Numbler of test pieces

At least thre

:rtest piece shall be a strip with enlarged ends for clamping, with dimensions’in accor

ard test piece

. The reference length, [, shall be either 100 mm # 0,2 mm or 50 mm /0,2 mm. Th
th a reference length of 50 mm + 0,2 mm for tests with larger elongations. Test piece;

hed products by cutting and buffing.

est piece may be used also with 50 % elongation if the reading accuracy of the measur¢
125 mm or better.

pieces cut from products

, other types of test piece cut from finished.fubber products may be used (for exam
cross-sectional diameter between 1,5 mm and 4 mm).

th test pieces do not necessarily give,the same values of retraction temperature as ¢
standard test piece specified in(Z.2.1, and comparison between the values obtained
es of test piece should be avoided:

e test pieces shall beised for each test.

Hance
e test

Feference length of 100 mm # 0,2 mm is preferred for tests with small’elongations and the

shall

sharp die from a flat sheet 2 mm * 0,2 mm thick. The sheets may be prepared by moylding

bment

ble an

lo the
using

Dimensions in millignetres

o
N
ly ”
r ) f
mn
o
6,5 lo 6,5
[\
S
+l
o

Figure 2 — Test piece
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7.4 Conditioning
7.4.1 Unless otherwise specified for technical reasons, the procedure in 7.4.2 to 7.4.5 shall be followed.
7.4.2 The time-interval between vulcanization and testing shall be in accordance with ISO 23529.

7.4.3 Samples and test pieces shall be protected from light as completely as possible during the interval
between vulcanization and testing.

7.4.4 Test pieces shall be conditioned, immediately before testing, at one of the standard laboratory
tempe¢ratures specified in ISO 23529 for a minimum of 16 h.

7.4.5| If samples that are apt to crystallize are exposed to low storage temperatures before testing,
crystgllization that significantly affects the TR values measured can occur. If values for thie material in
the uncrystallized condition are desired, the test pieces shall be decrystallizedBefore testing by heating
them fin an oven at 70 °C for 30 min. They shall then be conditioned at a standard laboratory|temperature
for at|least 30 min, but not more than 60 min.

8 Procedure

The bjath shall contain enough heat-transfer medium (5.2) te_cover the test pieces with atjleast 25 mm
of liq]lid during testing.

Cool the heat-transfer medium, whilst stirring, to belo@w~=70 °C as described in ISO 23529.

Whilg the liquid is cooling, insert the test pieces in the rack (5.8) and, at the standand laboratory
temperature being used, stretch each test piece-from the reference length to the chosen elpngation and
lock if in position. Ensure that the test pieces.are only kept stretched at the standard temjperature for
the minimum time.

The eJongation shall be chosen in the light of the following criteria:

a) provided technical reasons-do*not dictate otherwise, and to reduce the effect of crystpllization, an
elongation of 50 % shall be used;
b) ope of the following-elongations shall be used to study the combined effect of crystqllization and

lgw temperature:

=

250 %,
2) half the)elongation at break if 250 % is unobtainable,

3) 350 %, if the elongation at break is greater than 600 %.

Whernthe heattramsfer mediunT tas Teached am equitibriunm temperature between =70—C and -73 °C,
place the rack with the test pieces in the bath. Allow to stand for 10 min + 2 min in the bath between
=70 °C and -73 °C. Release the locking device for the upper holder and allow the test pieces to retract
freely. At the same time, raise the temperature of the liquid at the rate of 1 °C/min, the tolerance being
such that the temperature rise during any 10 min interval is within 10 °C * 2 °C.

If an elongated test piece retracts to its original length at =70 °C, cool to a lower temperature, using, if
necessary, another heat-transfer medium.

Take the first reading when releasing the samples and continue to read the temperature and retracted
length, or %, with a maximum interval of 2 min until a retraction of at least 71 %.

© IS0 2019 - All rights reserved 5
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For the study of crystallization effects or the effect of long-term exposure, longer times of exposure
under strain at one or more selected low temperatures may be used, depending on the purpose of the
test and the material under investigation.

NOTE Different elongations do not necessarily give the same results for TR, TR3;, TR5, and TR,

9 Expression of results

NOTE The rubber industry uses the term equation for the relationships herein termed formula. The term
formula is used to describe the table of ingredients in a rubber compound.

The percentdge Tetraction rmay be read (Ton the graduated Scates or catcutated fTonT Formutat1):
Is B Ir
r= <100 @)}
ls _IO
where
I, is the stretched length in the locked position;
I. isthpretracted length at the temperature concerned;

Il isthe reference length.
Plot r against the corresponding temperature on a graph.

From the grqph, read the temperatures which correspond to‘tetractions of 10 %, 30 %, 50 % and |70 %.
These tempepratures are designated TR, TR;3,, TR5, and TR,

Calculate thg median value of three determinations of the temperature for TR, TR3,, TR5y and T|R,.

10 Precision

See Annex B

11 Testreport
The test repgrt shall include the*following information:
a) sample details:

1) afull description of the sample and its origin,

2) compound details and cure details, where appropriate,

3) the method of preparation of the test pieces from the sample, for example moulded or cut;
b) test method:

1) areference to the test method used, i.e. the number of this document (IS0 2921:2019),

2) the type of test piece used;
c) testdetails:

1) the standard laboratory temperature used,

2) the time and temperature of conditioning prior to test,

3) the elongation at freezing,

6 © IS0 2019 - All rights reserved
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4) the heat-transfer medium used,

5) details of any procedures not specified in this document;
d) testresults:

1) the number of test pieces used,

2) the median values of TRy, TR3(, TR5q and TR,

3) theindividual values of TR;,, TR3,, TR, and TR, for each test piece;

e) the date of the test

© IS0 2019 - All rights reserved 7
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Annex A
(normative)

Calibration schedule

A.1 Inspection

Before any ¢
inspection a
is carried ou

It shall be 4
parameters
formally cali
written into

A.2 Schec

Verification
frequency of
individual la

The calibrati
in the test
to the main 4

For each pa
publication ¢
procedure w
preference).

The verificat
calibration s

requ

v =z

stand

it

initigl verification only;

libration is undertaken, the condition of the items to be calibrated shall be ascer;itain
d recorded in any calibration report or certificate. It shall be reported whether(calib
[ in the “as-received” condition or after rectification of any abnormality or fault:

scertained that the apparatus is generally fit for the intended purpose; includin
specified as approximate and for which the apparatus does not therefore need
prated. If such parameters are liable to change, then the need for periodic checks sh
the detailed calibration procedures.

jule

calibration of the test apparatus is a mandatory part of this document. Howeve
calibration and the procedures used are, unless otherwise stated, at the discretion
boratory, using ISO 18899 for guidance.

n schedule given in Table A.1 has been conipiled by listing all of the parameters spe
ethod, together with the specified requirement. A parameter and requirement can
est apparatus, to part of that apparatus.or to an ancillary apparatus necessary for th

rameter, a calibration procedureis indicated by reference to ISO 18899, to ar
r to a procedure particular to. the test method which is detailed (whenever a calib
hich is more specific or detailed than that in ISO 18899 is available, it shall be uj

ion frequency for each parameter is given by a code-letter. The code-letters used
Chedule are:

rement to be.confirmed, but no measurement;

ard interval as given in ISO 18899;

h

ed by
Fation

g any
to be
all be

r, the
of the

cified
relate
b test.

other

Fation
ed in

n the

c

in use.
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Table A.1 — Calibration frequency schedule

Clause or Verification
Parameter Requirement subclause in frequency Notes
1SO 18899:2013 guide
Temperature- Accurate to within £0,5 °C 18 S
measuring device
Temperature control  |Accurate to within #1 °C 18 8]
Container for heat- Insulated and equipped with a C N See Figure 1
transfer medium means of agitation
Means of heating the  |At1°C/min; 10 °C + 2 °Cin 10 min 23.6 S
heat-fransfer medium
Stopwatch (or other Accurate to within 1 s 23.1 S
timinjg device)
Rack with test piece With locking device on upper C N
holdeyrs (movable) holders
Capable of maintaining a slight 21.3 S
tension of 10 kPa to 20 kPa
Movable part to have lowest C 8}
possible friction
Meanjs of measuring Accurate to within £0,25 mm or 15.2 S
test pliece length or *0,5%
percentage retraction
durinfg test
Heat-fransfer medium |Which does not affect the rubber C 8] Stiitable
and is as prescribed in ISO 23529 liquids listed
Sufficient to cover the test pieces C U in5.2
to a depth of at least 25 mm

In addlition to the items listed in Table A.1g use of the following is implied, all of which shall pe calibrated
in acdordance with ISO 18899:

— a|thermometer for monitoring\the conditioning temperature;

—n

mstruments for determining the initial dimensions of the test pieces;

— ajruler for measuringthe depth of the heat-transfer medium.

© IS0 2019 - All rights reserved 9
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Annex B
(informative)

Precision

B.1 General

The followin

All calculati

b interlaboratory test programme (ITP) was initially carried out in 2017.

bns to provide repeatability, day-to-day repeatability and reproducibility.'values

performed i} accordance with ISO 19983:2017. Precision concepts and nomenclature are-also gi

[SO 19983.

As decided a
of being rem
laboratory n

B.2 Preci

B.2.1 Prog

The ITP wag
test pieces w

A total of fo
and FKM.

The test piec
ISO 2921 (50

The number
precision res

The ITP test
these two w

f the TC45/SC2/WG4 meeting held in 2018 in Hangzhou (China), the'outliers were, in
bved, replaced with the value(s) on the regression line obtained for-each laboratory
imber.

sion results from the ITP

ramme details

organized and conducted by ELASTOCON (Sweden) and LRCCP (France) in 2017.
ere prepared in one laboratory and sent to;dll 10 participating laboratories.

ir compounds were used in the test.xFhe samples were designated as NR, EPDM

es were provided ready for use-with dimensions in accordance with those presen
mm reference length).

of laboratories on which precision data for each property is based is given in the tak
ults (Tables B.1 to B.4),

were
ren in

stead
to the

Cured

NBR

red in

les of

ing was conductedvover a period of two sequential weeks. On a specified day in e

result of each week is the'itean value of the three individual measurements. All analysis was con

on the basis

The particip
for this ITP:

bf these test results.

htinglaboratories were encouraged to use two equally competent operators (if avai
Operator 1 for test week 1 and Operator 2 for test week 2. The aim of the use of dif!

hch of

peks, three (3) individual measurements were performed on all four materials. Thie test

ucted

lable)
Ferent

A H YN ramatitl oo

Yz dyazo 4 £ 1Az e sazgc o 3ol 0 A el
veT CWOTCST W ECKS wWas to1trataC—SuCr 1T

brmal

test pieces a

3 At oot oo ol 1
o O e erc O ptratorsantTtnt Tt ptTtraaoT o

variation sources in the final or pooled combined database. Thus, the precision values represent more
reliable and realistic values compared to the usual ITP results which constitute a "single point in time"
estimate of precision.

For each test piece, TRy, TR3,, TR5, and TR, were measured.

B.2.2 Precision results

The precision results are listed in Tables B.1 to B.4.

The precision results as determined by this ITP should not be applied to acceptance or rejection
testing for any group of materials or products without documentation that the results of this precision
evaluation actually apply to the products or materials tested.

10
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