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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.
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Rubber, vulcanized or thermoplastic — Determination of
compression set —

Part 1:
At ambient or elevated temperatures

WARNING 1 — Persons using this document should be familiar with normal laborat
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tis the responsibility of the user to establish appropriate safety and health prac
‘mine the applicability of any other restrictions.

NING 2 — Certain procedures specified in this document might invelve the use or
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rence should be made to appropriate documentation on safe handling and dispos|

cope

nized and thermoplastic rubbers at ambient (onexmethod) or elevated tempera
ods, A, B, and C, depending on the way the test piece is released at the end of the test),

ethods are intended to measure the ability ef rubbers of hardness within the rangg

95 IRHD to retain their elastic properties at spé¢ified temperatures after prolonged cor
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al hardness 80 IRHD and above, a lower’ compression strain is used: 15 % for a nomi
80 IRHD to 89 IRHD and 10 % for.aominal hardness from 90 IRHD to 95 IRHD.

1  When rubber is held under compression, physical or chemical changes that prever
hing to its original dimensionshafter release of the deforming force can occur. The result
itude of which depends on the time and temperature of compression as well as on the time,
pnditions of recovery. Atlelevated temperatures, chemical changes become increasingly md
ad to a permanent set/

2 Short-time conipression set tests, typically for 24 h, at elevated temperatures are comr
sure of the state of cure, a means of material classification, and a specification to ensure th
bund. Longer‘tests, typically for 1 000 h, at elevated temperatures take account of the effect
ten used te predict service performance, including that of sealing materials. Short-time tes
brature.show mainly the effect of physical changes (re-orientation of the molecular chains and
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

[SO 188:2011, Rubber, vulcanized or thermoplastic — Accelerated ageing and heat resistance tests

[SO1

8899:2013, Rubber — Guide to the calibration of test equipment

ISO 23529:2016, Rubber — General procedures for preparing and conditioning test pieces for physical
test methods
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3 Terms

and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Onli
IEC Elec

4 Princij

ne browsing platform: available at https://www.iso.org/obp

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

ple

A test piece

which is the
elevated ten{
at a standar
the test piec

5 Appar

51 Comp
A typical as{

pf known thickness is compressed at standard laboratory temperature to a defined's
n maintained constant for a specified time at standard laboratory temperature.or a
perature. The compression is released and, after the test piece has been allowed’to re
] laboratory temperature or the elevated temperature for a specified timejthe thickn
e is again measured.

htus

Fession assembly, consisting of compression plates, steel spacers, and clamping devic

embly is shown in Figure 1.

train,
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5.1.1 Compression plates, consisting of two parallel, flat,\ighly polished plates made of chronpium-

plated steel
piece is com

The plates s}

sufficiey
than 0,0

of suffia
remaing

NOTE A
be obtained b

5.1.2 Stee

The spacer(3

or stainless-steel or any corrosion-resistant material between the faces of which th
pressed.

hall be

1tly rigid to ensure that, with a test'piece under load, no compression plate bends by
1 mm;

ient size to ensure that theswhole of the test piece, when compressed between the p
within the area of the plates and can expand freely laterally.

urface finish not worse.than Ra 0,4 pm (see ISO 4287) has been found to be suitable. Such an }
y a grinding or polishing operation.

| spacer(s), toprovide the required compression.

) shall.be‘of such size and shape that contact with the compressed test piece is avoide

The height o

rthe spacer(s) shall be chosen so that the compression applied to the test piece is

P test

more

lates,

acan

(25+2)
(15+2)

(10 + 1)

% for hardnesses below 80 IRHD,
% for hardnesses between 80 IRHD and 89 IRHD,
% for hardnesses of 90 IRHD and higher.

5.1.3 Clamping device, a simple screw device (see Figure 1) is adequate.

5.2 Oven, in accordance with the requirements specified in ISO 188:2011, method A or method B,
and capable of maintaining the compression assembly and test pieces at the test temperature within the
tolerance specified in 8.2.

NOTE
method B.

2
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The time to reach a steady-state temperature depends on the type of oven and the overall heat capacity
of the compression assembly. To obtain comparable results in the case of an elevated test temperature
and a 24 h test duration, it is necessary to reach the steady-state temperature within the specified
tolerances in the interior of the test pieces in not more than 3 h.

5.3 Pair of tongs, for handling the test pieces.

5.4 Thickness gauge, with an accuracy of +0,01 mm (see ISO 23529:2016, 9.1), having a flat circular
foot of 4,0 mm # 0,5 mm in diameter and a flat solid base-plate and exerting a pressure of 22 kPa + 5 kPa

for solid rubber of hardness equal to or greater than 35 IRHD, or a pressure of 10 kPa + 2 kPa if the
hardpess-istess-than-351RHDB-

NOTE When using a digital gauge, a resolution of 0,001 mm is needed to obtain the required agcuracy.

After] testing at elevated temperature, an unexpected deformation of the test\plece i sometimes
observed. More particularly, the two flat surfaces can be deformed, which complicates the thickness
meagurement. In this case, particular care should be taken in positioning thefoot on the tefst piece.

5.5 | Timing device, for measuring the recovery time, with an accuracy of +1 s.

© IS0 2019 - All rights reserved 3
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a) Example 1 b) Example 2
Key
1 testpiecd 5 lower plate
2 spacer 6  part formed for clamping in a device
3  nut 7  locating pin
4 upper plate 8 screw

Figure 1= Examples of assemblies for the determination of compression set

6 Calibration

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

7 Test pieces

7.1 Dimensions
The test pieces shall be one of two sizes, designated type A and type B.
— Type A: a cylindrical disc of diameter 29,0 mm # 0,5 mm and thickness 12,5 mm # 0,5 mm.

— Type B: acylindrical disc of diameter 13,0 mm # 0,5 mm and thickness 6,3 mm * 0,3 mm.

4 © IS0 2019 - All rights reserved
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These two types do not necessarily give the same values for compression set, and comparison of results
obtained using test pieces of different sizes shall be avoided when comparing one compound with
another.

Type A test pieces are preferred for testing rubbers having low compression set, because of the greater
accuracy attainable using these larger test pieces.

Type B test pieces are preferred when it is required to cut test pieces from products. In this case, the test
pieces shall be taken as near to the centre of the product as possible, unless otherwise specified. When
possible, the test piece shall be cut in such a way that its axis is parallel to the direction of compression
of the product in service.

7.2 |Preparation

The tlest pieces shall be prepared by moulding each disc, whenever possible. Preparation by cutting out
each |disc or by laminating not more than three discs is permitted. The use of test pieces [prepared by
laminating several discs for control of finished products shall be agreed between interested parties.

Cuttihg shall be performed in accordance with ISO 23529. When cupping (the formation pf a concave
surface) is a problem, the test piece shape can be improved by cutting”it in two stages:|first, cut an
overgize test piece, and then, trim it to the exact dimensions with a second cutter.

Laminated test pieces shall conform to the dimensions spegified in 7.1 and shall be prepared by
laminating discs or rubber cut from sheets without adhesives. Discs can be compressed by {4 few percent
for 1|min so that they stick together. The number of dises‘laminated to produce a test pigce shall not
excegd three. The total thickness shall then be measured,

Test pieces prepared by the various methods described above can give different results and comparison
of values shall be avoided.

NOTE Attention is drawn to the marked efféots of the state of cure on compression set valugs. It might be

necesgary to adjust the cure of moulded test(pieces to be representative of different thicknesse$ of sheets or
mouldings.

7.3 | Number of test pieces

A mipimum of three test pieces shall be tested, separately or as a set.

7.4 | Time interval between production and testing
For all test purposesythe minimum time between production and testing shall be 16 h.

For non-prodiict'tests, the maximum time between production and testing shall be 4 wdeks and, for
evalyations intended to be comparable, the tests, as far as possible, shall be carried out affer the same
time ntéxval.

For product tests, whenever possible, the time between production and testing shall not exceed
three months. In other cases, tests shall be made within two months of the date of receipt of the product
by the purchaser (see 1SO 23529).

7.5 Conditioning

Samples and test pieces shall be protected from light and heat as much as possible during the interval
between production and testing.

Prepared test pieces shall be conditioned immediately before testing for a minimum period of 3 h at one
of the standard laboratory temperatures specified in ISO 23529. The same temperature shall be used
throughout any one test or series of tests intended to be comparable.

© IS0 2019 - All rights reserved 5
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Test pieces of thermoplastic rubbers shall be annealed before testing by heating in an oven at a
temperature and for a length of time that are appropriate to the material in order to release internal
stresses caused by the moulding process. They shall then be conditioned at a standard laboratory
temperature.

NOTE 70

°C for 30 min is suitable for many materials.

8 Test conditions

8.1 Duration of test

The exposul

moment of p

8.2 Temperature of test

The tempers
(see ISO 234

elevated tenperatures: 40 °C+1°C,55°C+1°C,70°C+1°C,85°C+1°C,A00°C+1°C,125°C %

150°C * 2 °(
NOTE As
stability of t

contribution
observed ate

9 Proced

9.1 Prepd

With the cor
surfaces. Ap
into contact
during the t¢

NOTE Fol
100 mm?/s at

If for any res

9.2 ThicK

Measure thq

ply a thin coating of lubricant.to the faces of the compression plates (5.1.1) that will
with the test pieces. Thé lubricant used shall have no substantial action on the riybber

e time shall be 24_9 h, 72_9 h, (168 + 2) h, or multiples of 168 h, measured fro¥
lacing the compression assembly in the oven (5.2).

ture of test shall be one of the standard laboratory temperatures 23 €0+ 2 °C or 27 °C
29) for tests at ambient temperature, and one of the following t€mperatures for te

,175°C+2°C,200°C+2°C,225°C+2°C,or 250°C+ 2 °C.
oven temperatures are increased, the results become incredsingly dependent upon the th
e rubber. At still higher temperatures, surface oxidation of the test piece makes a signi

to the observed compression set. There is no simple correlation between the compressid
evated temperatures and that observed at room tempefature.

jure

iration of compression assembly.

hpression assembly (5.1) at standard laboratory temperature, carefully clean the oper]

st and it shall be described in the test report (see Clause 12).

r most purposes, a-silicone or fluorosilicone liquid having a nominal kinematic viscos
standard laboratory*‘temperature is a suitable lubricant.

son a lubricafitis not used, this shall be mentioned in the test report.

ness.measurement

n the

F2°C
5ts at
2°C,

ermal
ficant
n set

ating
come

ity of

atory

thickness at the centre of each test piece to the nearest 0,01 mm, at standard labor

temperature.

9.3 Applying the compression

Place the test pieces between the pairs of compression plates together with the spacer(s) (5.1.2),
avoiding contact between test pieces and bolts or spacer(s). Tighten the clamping device (5.1.3), so
that the plates are drawn together uniformly until they are in contact with the spacer(s). The applied
compression shall be (25 * 2) % of the original thickness of the test piece except for higher hardnesses,
for which the applied compression shall be (15 + 2) % or (10 + 1) % (see 5.1.2).

© ISO 2019 - All rights re
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9.4 Starting the test

If the tests are conducted at elevated temperature, introduce the compression assembly containing the
test pieces without delay into the central part of the oven (5.2) operating at test temperature (see 8.2).

If the tests are conducted at ambient temperature, keep the compression assembly containing the test
pieces in an air-conditioned room at standard laboratory temperature (see ISO 23529).

9.5 Terminating the test

9.5.1 At ambient temperature

If the test is conducted at ambient temperature, release the test pieces after the requiredest duration
(see $.1) and transfer them to a wooden bench. Leave them to recover for 30 min *)3-min at standard
laboratory temperature and then measure their thickness.

9.5.2 Atelevated temperature

Method A: After the required test duration (see 8.1), remove the compression assembly frpm the oven,
immediately release the test pieces and transfer the test pieces quickly to a wooden bench| Leave them
to regover at a standard laboratory temperature for 30 min + 3 min, and then measure thejr thickness.
Methlod A shall be used unless otherwise specified.

Method B: After the required test duration, remove thé-compression set assembly from the oven,
allow it to cool to a standard laboratory temperature,‘but for a minimum of 30 min and|{a maximum
of 120 min, then release the test pieces and, after, a-further 30 min * 3 min at standarf laboratory
templerature measure their thickness.

Method C: After the required test duration,do not remove the compression assembly frpm the oven
but ilmmediately release the test pieces and*keep them in the oven. Leave them to recover at the test
templerature for 30 min + 3 min and, aftet.a further 30 min + 3 min at standard laboratory temperature,
meagure their thickness.

NOTE The temperature of thestest piece after release from compression can affect the rate and extent of
recovery and hence the value of-compression set. Recovery at elevated temperature is generally qyiicker than at
standard laboratory temperature’and results in a lower compression set.

9.6 |Internal examination

After{ completing the test, cut the test pieces into two pieces along a diameter. If any interngl defects are
foundl, such as-gasbubbles, repeat the test.

10 l12xpression 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 compression set, expressed as a percentage of the initial compression, is given by Formula (1):

—h
L>< 100 (1)
hO s
© IS0 2019 - All rights reserved 7
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where

hy 1is the initial thickness of the test piece, in millimetres;
hy is the thickness of the test piece after recovery, in millimetres;

h, is the height of the spacer, in millimetres.

S

Report the result to the nearest 1 %.

11 Precision

See Annex Al

12 Test report
The test repprt shall include the following information:
a) sample gletails:
1) afu|l description of the sample and its origin,
2) conlpound and cure details, where appropriate,
3) the method of preparation of test pieces from samples, for example whether moulded or dut;
b) test method:
1) afu]l reference to the test method used, i.esthe number of this document (ISO 815-1:2019),
2) thefype of test piece used, i.e. A or Band whether or not it was laminated,
3) the method of cooling used aftertthe test, i.e. A, B or C, and the exact cooling time for metHod B,
4) the pature of the lubricant used,
5) whather the test pieces-were tested separately or as a set;
c) testdetails:
1) theptandard laboratory temperature used,
2) the fempefature and times of conditioning and of recovery,

3) the daration and temperature of test,

4) the compression used,
5) details of any procedures not specified in this document;
d) testresults:
1) the number of test pieces used,
2) theinitial thickness of the test pieces, if required,
3) the thickness of the test pieces after recovery, if required,
4) the median value of the compression set and the individual test results;

e) the date of the test.

8 © IS0 2019 - All rights reserved
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The }Lrecision calculations to express repeatability and reproducibility were performed-iny accordance

with

ISO/TR 92721. For precision concepts and nomenclature, consult ISO 19983 ayhich

with@lrawn Technical Report.

A.2
Two |
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time
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A tyq
asca

The 4

The |
Thre

Test
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Both

Tests

Details of test programs

replaces the

nterlaboratory test programs (ITPs) were organized. The first ITRin 1986 was as follpws:

TP was organized by the Laboratoire de Recherches et de Coritréle du Caoutchouc et d¢s Plastiques

CP). Three materials (vulcanized rubber compounds) wer€ used: SBR, NBR, and EPDM.

bieces were distributed to all laboratories and tested at100 °C in accordance with thi§ document.

type A and type B test pieces were used.

were conducted for 24 h at 25 % compression: on three test pieces. The median conjpression set
was used as the “test result”. The compression set was measured after 30 min * 3 rhin recovery

at standard laboratory temperature after removal from the apparatus in acco
od A.

"dance with

e 1 precision was measured in the\ITP. The time period for repeatability and reproducibility is on

e of days. A total of 19 laboratories participated in the test.
econd ITP in 2015 was as(follows:

TP was organized by Hari Shankar Singhania Elastomer & Tyre Research Institute
b materials (vulcantized rubber compounds) were used: SBR, IIR, and EPDM.

(HASETRI).

bieces were distributed to twelve laboratories for testing at 23 °C and 100 °C in accqrdance with

ocument. Qf the twelve laboratories sent test pieces, only ten laboratories submitted

type Asand type B test pieces were used.

data.

ateach temperature were conducted for 24 h at 25 % compression on three test piecgs except one

labor

SRy anv tactad Fvazn incnc o donalabhoratory anly tnctnd A incn Tho avneagn

atUTy UTIry cCotCOTwUo l_u\,\.,\,o oo UTIC T UTactouT y Uxxn_y cCotTCO ot pIcteT It aveTagt

compression

set value was used as the “test result”. The compression set was measured after 30 min * 3 min
recovery time at standard laboratory temperature after removal from the apparatus in accordance

with

Repli

method A.

cate testing was performed three weeks after the initial testing.

A type 1 precision was measured in the ITP. The time period for repeatability and reproducibility is
on a scale of weeks. Seven laboratories reported data for type A pieces at both temperatures and nine
laboratories reported data for type B pieces at both temperatures.

1) Withdrawn.
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A.3 Precision results

A.3.1 The precision results for the 1986 ITP are given in Table A.1 for compression set at 100 °C. The
symbols s,, r, (r), sg, R and (R) as used in Tables A.1 to A.5, are defined as follows:

S, within-laboratory standard deviation, in measurement units;
r repeatability, in measurement units;

(r)  repeatability, in percent (relative);

S betwdgen-laboratory standard deviation, in measurement units;
R reprodlucibility, in measurement units;

(R) reproducibility, in percent (relative).

Table A.1 — Type 1 precision for compression set at 100°C

Material Average Within lab Between lab

r n R (R)
Type A test piece
EPDM 10,3 2,7 26 4,0 38
NBR 19,8 3,3 17 4,3 21
SBR 41,1 4,7 11 13,6 33
Pooled valuep 23,7 3,6 15 8,6 36
Type B test piece
EPDM 14,8 3,3 22 4,5 30
NBR 24,4 4,3 18 7,7 32
SBR 44,9 51 11 14,0 33
Pooled valuep 28,0 6,0 15 10,0 35

A.3.2 The precision results for the'2015 ITP are given in Tables A.2 to A.5.

Seven laboratories submitted data for the Type A Compression set at 23 °C testing. One laboratory] each
was eliminafed as a meangs-ottlier for the IIR and SBR materials. One laboratory each was elimipated
as a high variability outlier'for the IIR and SBR materials. The values shown in Table A.2 are the r¢sults
after treatmlent of the outliers.

Table A.2 — Type 1 precision for compression set at 23 °C (Type A)

Mateirial Units Percent
Mean level S, r ) Sp R (R)

EPDM 7,5 0,85 2,39 31,9 0,85 2,39 31,9
IIR 54 0,50 1,42 26,1 0,86 2,44 45,0
SBR 8,4 1,26 3,56 42,3 2,25 6,38 75,8
Average 7,1

Pooled Values 0,92 2,61 36,7 1,48 4,18 58,7
NOTE Preferred precision in bold

Seven laboratories submitted data for the Type A Compression set at 100 °C testing. One laboratory
was eliminated as a means outlier for the IIR material. One laboratory each was eliminated as a high
variability outlier for the EPDM and IIR materials. The values shown in Table A.3 are the results after
treatment of the outliers.
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Table A.3 — Type 1 precision for compression set at 100 °C (Type A)

Material Units Percent
Mean level S, r 9] Sp R (R)

EPDM 27,2 1,12 3,16 11,6 2,39 6,75 24,8
IIR 58,6 1,26 3,56 6,1 2,40 6,78 11,6
SBR 32,8 1,32 3,74 11,4 1,69 4,78 14,6
Average 39,5

Pooled Values 1,24 3,50 8,9 2,18 6,18 15,6
NOTE—RPreferred-precisioninbold

Nine [laboratories submitted data for the Type B Compression set at 23 °C testing. One labpratory each
was eliminated as a means outlier for the IIR and SBR materials. One laboratory was eliminated as
a high variability outlier for the EPDM material. The values shown in Table A.4 are the fesults after

treatment of the outliers.

Table A.4 — Type 1 precision for compression set at 23.°C (Type B)

Material Units Percent
Mean level S, r (n Sp R (R)

EPDM 5,4 0,43 1,23 22,7 0,88 2,48 46,0
IIR 3,6 0,53 1,49 41,1 0,93 2,64 73,0
SBR 7,2 0,50 1,42 19,6 0,69 1,94] 26,9
Average 54

Poolg¢d Values 0,49 1,38 25,5 0,84 2,37 439
NOTH Preferred precision in bold

Nine [aboratories submitted data for the Type B Compression set at 100 °C testing. One labpratory each
was ¢liminated as a means outlier forthe EPDM and SBR materials. One laboratory each wals eliminated
as a high variability outlier for the EPPM, IIR, and SBR materials. The values shown in Table A.5 are the

resulls after treatment of the outliers.

Table A.5 — Type 1 precision for compression set at 100 °C (Type B)

Material Units Percent
Mean level S, r ) Sp R (R)

EPDM 27,0 0,87 2,45 91 1,22 3,47 12,8
IIR 58,8 0,43 1,23 21 2,58 7,31 12,4
SBR 37,4 1,69 4,78 12,8 1,69 4,78 12,8
Averpge 41,1
Pooled Values 1,12 3,18 7,7 1,92 5,42 13,2
NOTE Preferred precision in bold
© IS0 2019 - All rights reserved 11
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Annex B
(normative)

Calibration schedule

B.1 Inspection

Before any ¢
inspection a
is made in th

It shall be
parameters
formally cal
written into

B.2 Scheq

Verification
calibration 4
laboratory u

The calibrat
in the test m
the main tes

For each pa3

publication ¢r to a procedure particular to the’test method which is detailed (whenever a more sp

or detailed g
The verificaf
The code let
C: requi

N: initia

alibration is undertaken, the condition of the items to be calibrated shall be ascertain
hd recorded on any calibration report or certificate. It shall be reported whether aliby]
e ‘as-received’ condition or after rectification of any abnormality or fault.

hscertained that the apparatus is general fit for the intended purpdse; including
specified as approximate and for which the apparatus does not thérefore need
brated. If such parameters are liable to change, then the need forperiodic checks sh
the detailed calibration procedures.

Hule

calibration of the test apparatus is a normative part\of this document. The frequen
nd the procedures used are, unless otherwise stated, at the discretion of the indiv
sing ISO 18899 for guidance.

on schedule given in Table B.1 has been compiled by listing all of the parameters spe
ethod, together with the specified requirement. A parameter and requirement can rel
t apparatus, part of that apparatus or tg.dan ancillary apparatus necessary for the test

rameter, a calibration procedure-is indicated by reference to ISO 18899, to an

alibration procedure than intdSO 18899 is available, it shall be used in preference).
ion frequency for each pardmeter is given by a code letter.

Lers used in the calibration schedule are:

Ffement to be confirmed but no measurement,

| verification-only,

ed by
ation

P any
to be

hll be

cy of
idual

tified
hte to

bther
ecific

— S:standprd inferval as given in ISO 18899,
— U:in usg.
Table B.1 — Calibration schedule
Parameter Requirement Procedure Verification Notes
IS0 18899:2013 | frequency

Compression plates | Two parallel, flat, highly C N Roughness profile
polished chromium-plat- Ra not worse than
ed steel or stainless-steel 0,4 um has been found
plates; suitable.
plates not to distort by C N
more than 0,01 mm when
load applied;
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