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INTERNATIONAL STANDARD

ISO 815:1991(E)

Rubber, vulcanized or thermoplastic — Determination of
compression set at ambient, elevated or low temperatures

1 Scope

This Interrfational Standard specifies methods for
the determjination of compression set characteristics
of vulcanized and thermoplastic rubbers at ambient,
elevated of low temperatures.

The methofs are intended to measure the ability of
rubbers ofl hardness within the range 10 IRHD to
g5 IRHD to|retain their elastic properties at specified
temperatuifes after prolonged compression at con-
stant strain (where possible 25 %) under one of the
alternative| sets of conditions described. For rubber
of hardnesgs greater than 80 IRHD, a lower com-
pression srain is used: 15 % for a nominal harde
ness froq 80 IRHD to 89 IRHD and 10 % fer_a
nominal hgrdness from 90 IRHD to 95 IRHD.

NOTES

1 When rybber is held under compressian, physical or
chemical cHanges can occur that preyent’the rubber re-
turning to ifs original dimensions after.release of the de-
forming for¢e. The result is a set-the’magnitude of which
depends on| the time and temperature of compression as
well as on the time and temperature of recovery. At el-
evated temperatures, chemical changes become increas-
ingly more jmportant andJead to a permanent set which
can be measured by allowing test pieces to recover at
perature.”At low temperatures, changes re-
the ‘effects of glass hardening or crystalliz-

faising the temperature it is necessary for

dards are subject to revision, and parties to
agreements based on_this Internatipnal Standard
are encouraged to investigate the pgssibility of ap-
plying the most recent editions of thg standards in-
dicated below. Mémbers of IEC and| ISO maintain
registers of cutrently valid Internationfal Standards.

ISO 468:1982, Surface roughness — Payameters, their
values ~~and general rules fdr  specifying
requirements.

ISO 471:1983, Rubber — Standard temperatures, hu-
midities and times for the conditionihg and testing
of test pieces.

ISO 1826:1981, Rubber, vulcanized — Time-interval
between vulcanization and testing — $pecification.

1ISO 3383:1985, Rubber — General |directions for
achieving elevated or subnormal tefperatures for
test purposes.

ISO 4648:1991, Rubber, vulcanized o1l thermoplastic
— Determination of dimensions of test pieces and
products for test purposes.

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

ISO 6471:1983, Rubber, vulcanized —| Determination
of crystallization effects under compression.

all measurements to be undertaken at the test tempera-
ture (see ISO 6471).

2 Guidance for using the precision results is given in in-
*  native annex A, and results for compression set at
—25°C and 100 °C without lubricant in informative
annex B.

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-

ISO/TR 9272:1986, Rubber and rubber products —
Determination of precision for test method
standards.

3 Principle

3.1 Ambient and elevated temperatures

A test piece of known thickness is compressed at
standard temperature to a defined strain, which is
then maintained constant for a specified time at a
fixed standard or elevated temperature. The strain
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is released and, after the test piece has been al-
lowed to recover at standard temperature for a
specified time, the thickness of the test piece is
again measured.

3.2 Low temperatures

A test piece of known thickness is compressed at
standard temperature to a defined strain, which is
then maintained constant for a specified time at a
fixed low temperature. The strain is released and
the test piece allowed to recover at this tempera-
ture. The thickness is measured at intervals after the

the heights shall match to within +0,01 mm of the
mean.

Spacer dimensions Test piece type

9.4 mm max.

. A
9,3 mm min.

4.8 mm max.

4,7 mm min.

When crystallization studies are to be made, it is
necessary to control the compression strain as ac-

release of the [strain so that an assessment of com-
pression set characteristics is obtained from a plot
of recovery agpinst time at the low temperature.

4 Apparatys

4.1 Compresgion apparatus, consisting of com-
pression plateg, steel spacers and clamping device.

411 Compression plates, comprising a pair of
parallel, flat, highly polished chromium-plate steel
or highly polithed stainless-steel plates, between
the faces of which the test piece is compressed.

The finish of the surface of the compression plates
shall be not worse than 0,4 um R, from the mean
line of the profile (see ISO 468). The plates shall

— be sufficiently rigid to ensure that, with a test
piece undg¢r load, no compression plate shall
bend by more than 0,01 mm;

— be of suffidient size to ensure that the whole of
the test pipce, when compressed between the
plates, remains within the area of the plates.

Steel plates [with a diameter ,of approximately
115 mm and |with a thickness ~of 65 mm and
12,5 mm, resppctively, are suggested. A typical ap-
paratus is shown in figure 1.

41.2 Temperature measurement device.

For low-tempgratare tests, the plates shall incor-
porate means| 6fymeasuring their temperature di-

curately as possible, and spacers of differgnt heights
are required. The height of the spacerp shall be
chosen so that the compression of ‘the test piece is
(25 + 1) % of the measured thickness of the test
piece.

A compression strain of( 15 % shall be used for
hardnesses between 8QJJRHD and 89 |RHD. The
height of the spacer(s)shall be as follows:

Spacer dimensions Test pjece type

10,7 ' mm max.

. A
10:6 mm min.

5,4 mm max.
5,3 mm min.

A compression strain of 10 % shall b¢ used for
hardnesses above 90 IRHD. The height of the
spacer(s) shall be as follows:

Spacer dimensions Test piece type

11,30 mm max.

. A
11,25 mm min.

5,70 mm max.
5,65 mm min.

NOTE 3  For crystallization studies, in ordef to achieve

the accuracy of compression needed to meet
ted tolerances on test piece height, three set
for type A and four sets of spacers for type B 2

the permit-
5 of spacers
re required.

For instance, spacers of heights 9,12 mm, 9|38 mm and
9,62 mm for type A and spacers of heights 4,56 mm,
467 mm 478 mm and 4 89 mm for type B_all to a toler-

rectly with an accuracy of =0.5°C

4.1.3 Mild-steel spacer(s), to provide the required
compression. The spacer(s) shall be of such size
and shape that contact with the compressed test
piece is avoided.

The height of the spacer(s) shall be as follows:
where more than one spacer is used in any one test,

ance of + 0,005 mm, would cover the range adequately.

Where a range of spacers is not available, the use
of slip gauges is recommended to obtain the correct
compressed height. Care shall be taken that, with
the test piece in its compressed state, the com-
pression plates are parallel.
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Figure 1 — Typical)apparatus for the determination of compression set using type A test pieces

4.1.4 Clamping device.

For testing at standard or elevated temperatures, a
simple scnew/device is adequate. For testing at low

measured directly in the plates of the compression
apparatus with an accuracy of +0,5 qC.

The cabinet for low-temperature testing shall be

temperatures, a quick-release device is required.
This may be either mechanical or pneumatic.

4.2 Oven or low-temperature cabinet, complying
with the requirements specified in 1SO 3383, and
capable of maintaining the compression apparatus
and test pieces at the test temperature within the
tolerance specified in 6.2.

The low-temperature cabinet may be mechanically
refrigerated or may be cooled directly by dry ice or
liquid nitrogen. The test temperature shall be

equipped so that it is possible to release the test
pieces and carry out subsequent measurements
without direct contact, e.g. by use of hand-holes and
gloves or a remote-handling device. The cabinet
shall be capable of maintaining its temperature
within the permissible variation while these oper-
ations are being carried out.

The time to reach a steady-state temperature de-
pends on the type of oven or cabinet and the heat
content of all the compression apparatus. To obtain
comparable results in the case of an elevated test
temperature and a 24 h duration of test, it is
necessary to reach the steady-state temperature
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within the specified tolerances in the interior of the
test pieces at least after 3 h.

4.3 Pair of tongs, for handling the test pieces.

4.4 Micrometer dial gauge (to measure the thick-
ness of the test piece), having a flat circular foot of
4 mm to 10 mm in diameter and a flat solid base
plate (see ISO 4648:1991, method A) exerting a
pressure of 22 kPa + 5 kPa. It shall be suitable for
use at the required test temperature and shall be
calibrated for measurements at that temperature
For comparatiye purpose
the circular foot shall be used

4.5 Timing device, with a precision of £0,2s or
+ 1 %, whichejver is the less precise.

5 Test pieges

5.1 Dimensions

The test pieces$ shall be one of two sizes, designated
type A and type B.

A type A test piece shall be a cylindrical disc of di-
ameter 29 mn 4+ 0,5 mm and thickness 12,5 mm +
0,5 mm.

A type B test piece shall be a cylindrical disc of di-
ameter 13 mmh + 0,5 mm and thickness 6,3 mm +
0,3 mm.

These two types do not necessarily give the same
values for commpression set, and comparison. of re-
sults obtained using test pieces of different sizes

shall be avoid

Type A test pi
having low co

accuracy attai

Type B test pi

to cut test pieg
pieces shall b

product as po

bd.

eces are preferred fortesting rubbers
mpression set, because of the greater
nable using these.larger test pieces.
bces are prefefred when it is required
es from products. In this case, the test
e taken ,as\near to the centre of the
bsible, unless otherwise specified.

5.2 Prepardtion

not exceed three. The total thickness shall then be
measured.

Test pieces prepared by the different methods de-
scribed above may give different results and com-
parison of values shall be avoided.

NOTE 4 Attention is drawn to the marked effects of the

degree of cross-linking on compression set values. It may
be necessary to adjust the cure of moulded test pieces to
be representative of different thicknesses of sheets or
mouldings.

jece shape
can be lmproved by cuttlng itin two stages: first cut
an oversize test piece and then trim-ib to the exact
dimensions with a second cutter.

The use of test pieces prepared by lamipating sev-
eral discs for control of finished produc|s shall be
agreed between interested-parties.

5.3 Measurement.of thickness

The thickness¢shdll be measured at the dentral por-
tion of the test piece to the nearest 0,01 mm using
the micrometer dial gauge (4.4).

5.4 . Number

Three individual test pieces shall be {ested. For
low-temperature tests, each test piece shall be
tested in a separate clamping device (4.14).

5.5 Time-interval between vulcanization and
testing

For all test purposes, the minimum time between
vulcanization and testing shall be 16 h.

For non-product tests, the maximum tinje between
vulcanization and testing shall be 4 weeks, and for
evaluations intended to be comparable| the tests,
as far as possible, shall be carried oyt after the
same time-interval.

For product tests, whenever possible, the time be-
tween vulcanization and testing shall nqt exceed 3

The test pieces shall be prepared by moulding each
disc, whenever possible. Preparation by cutting
each disc or by laminating not more than 3 discs is
permitted.

Cutting shall ‘be performed in accordance with
ISO 4661-1.

Laminated test pieces shall conform with the di-
mensions specified in 5.1 and shall be prepared by
laminating discs or rubber cut from sheets without
adhesives. Discs may be compressed by a few per-
cent for 1 min, so that they stick together. The num-
ber of discs laminated to produce a test piece shall

months. I other tases, testsshattbemade within
2 months of the date of receipt of the product by the
purchaser (see 1ISO 1826).

5.6 Conditioning

Samples and test pieces shall be protected from
light and heat as much as possible during the inter-
val between vulcanization and testing.

Prepared test pieces shall be conditioned immedi-
ately before testing for a minimum period of 3 h at
one of the standard temperatures specified in
ISO 471. The same temperature shall be used
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throughout any one test or series of tests intended
to be comparable.

In the case of crystallization studies, test pieces
shall be decrystallized immediately before testing
by heating them in an oven (4.2) at 70 °C for 45 min.
They shall then be conditioned at standard tem-
perature.

6 Test conditions

ISO 815:1991(E)

observed at elevated temperatures and that ob-
served at room temperature.

7 Procedure

7.1 Preparation of compression apparatus

With the compression apparatus (4.1) at standard
temperature, carefully clean the operating surfaces.
Apply a thin coating of lubricant to the faces of the
compression plates (4.1.1) that will come into con-

6.1 Duration of test

The exposure time shall be (24 _‘;) h, (72 _;’) h,
(168 _g) h or multiples of 168 h, measured from the
moment of placing the compression apparatus in the
oven or low-temperature cabinet (4.2).

In the casg of low temperatures, the preferred times
are (24 ) hor (72 ) h.

Longer times may be used when studying crystal-

lization of plasticizer migration at specified test
temperatufes.

6.2 Temperature of test

The tempgratures of test shall be one of the stan-
dard temperatures 23°C 4+ 2°C or 27°C + 2¢C
(see ISO 471) for tests at ambient temperature,\and
one of the following temperatures for elevated-
temperatufe or low-temperature tests:

Elevated| temperatures Low temperatures

tactwith—the—test—preces—Fhe—tubriepnt used shall
have no substantial action on the-rubber during the
test and it shall be described inCthe tpst report (see
clause 10).

NOTE 5 For most purposes, a silicone [or fluorosilicone

liquid having a kinematjc\viscosity of 0,01 m?/s at stan-
dard temperature is asuitable lubricant.

If for any reason)a lubricant is not ysed, this shall

be mentioned{ in the test report gr the product
specificatiom

7.2 Thickness measurement

Measure the thickness in the centrg of each test
piece to the nearest 0,01 mm.

7.3 Applying the compression

Place the test pieces between the

pairs of plates

together with the spacer(s) (4.1.3), ayoiding contact
between test pieces and bolts or spgcer(s). Tighten

the clamping device (4.1.4) so that
drawn together uniformly until they
with the spacer(s). The applied co

the plates are
are in contact
pression shall

be approximately 25 % of the originfal thickness of

the test piece. For higher hardness

bs, the applied

compression shall be approximately|15 % or 10 %

(see 4.1.3).

7.4 Starting the test

Without delay, introduce the compregsion apparatus

°C °C
0+1 0+1
541 —10 + 1
0+1 -25+1
5+1 —40 + 1
100 + 1 —55+1
25 4 2 —70 + 1
50+ 2 —80+ 1
175 + 2 —100 + 2
200 + 2
225 + 2
250 + 2

Special care shall be taken in interpreting results
obtained at elevated temperatures. As oven tem-
peratures are increased, the results become in-
creasingly dependent upon the thermal stability of
the vulcanizate. At still higher temperatures, surface
oxidation of the test piece makes a significant con-
tribution to the observed compression set. There is
no simple correlation between the compression set

containing the test pieces into the ce

ntral part of the

oven or low-temperature cabinet (4.2) operating at

the test temperature (see 6.2).

7.5 Terminating the test in the case of

elevated temperatures

7.5.1 After the required test duration (see 6.1), re-
move the compression apparatus from the oven.
Immediately loosen the bolts and transfer the test
pieces quickly to a wooden bench. Leave them to
recover at standard temperature for 30 min + 3 min,
and then measure their thickness.
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7.5.2 An alternative method of cooling may be
used, in which the whole compression set assembly
is cooled to standard temperature within 30 min to
120 min, the test pieces are released, and after a
further 30 min + 3 min the thickness is measured. If
this cooling method is used, it shall be clearly stated
in the test report.

7.6 Terminating the test in the case of low
temperatures

7.6.1 After the required test duration, release the

8.3 In the case of low-temperature testing, results
shall be presented for each test piece by plotting on
graph paper with semi-logarithmic scales, with the
time on the logarithmic abscissa and the thickness
on the linear ordinate. In the time range of the re-
covery process, an approximately straight line will
result in most cases, which permits the calculation
of the thickness value after any desired time of re-
covery by extrapolation (two orders of 10 of time) or
by interpolation.

Normally, compression set values are calculated af-
ter recovery periods of 30 s and 30 min.

clamping devi

e as quickly as possible and—simut=

taneously start the timing device (4.5).

7.6.2 Inside the cabinet, measure the thickness of

the central po
0,01 mm, at ti
possible after

Ftion of the test piece, to the nearest
me intervals beginning as quickly as
release of the clamping device and

ending after 2 h, which makes it possible to plot

thickness aga

nst the logarithm of time (10 s, 30 s,

1 min, 3 min, 10 min, 30 min and 2 h are suggested).
Test pieces shall always be handled with the tongs

(4.3). After 2 h
net.

7.7 Internal

Cut the test pi

remove the test piece from the cabi-

examination

bces into two pieces along a diameter;

if any internall defects, such as gas bubbles, are

found, discard

8 Expressi

the test result.

pn of results

9 Precision

9.1 General

The precision calculations to express r¢peatability
and reproducibility wereJperformed in accordance
with ISO/TR 9272. Consult this for pregision con-
cepts and nomenclature. Annex A give$ guidance
on the use of repeatability and reproducipility.

9.2 Precision details

9.2.1.{An interlaboratory test programme (ITP) was
organized in 1986 by the Laboratoire de |Recherche
efyde Contréle du Caoutchouc et des|Plastiques
(LRCCP). Three materials (vulcanized rybber com-
pounds) were used: A = SBR, B = NBR, C = EPDM.
Test pieces were distributed to all laboratories and
tested at 100 °C and at — 25 °C in accordance with
this International Standard.

9.2.2 Two types of cylindrical test piece were used:
type A had a diameter of 28 mm + 0,5|mm and a
thickness of 12,5 mm + 0,5 mm; type B hlad a diam-
eter of 13 mm 4+ 0,5 mm and a thicknesq of 6,3 mm
+ 0,3 mm.

9.2.3 The test method calls for the|use of a
lubricant between the surfaces of the test|pieces and
the compression plates. To determine iffthe use of
a lubricant influences the results, all testing was
conducted with and without a lubricant.

8.1 The comlpression set C, expressed-as a per-
centage of the initial compression, is~given by the
formula
—h
fo =M oo
ho_hs
where
hy is {he initialthickness, in millimetres, of
the| test piece;
hy is thetthickness, in millimetres, of the test
piece after recovery;
h is the height, in millimetres, of the

spacer.

Report the result to the nearest 1 %.

8.2 No individual test result shall vary from the
numerical value of the median compression set by
more than 2 % or by more than 1/10th of the mean,
whichever is higher. If it does, three more test
pieces shall be tested and the median value of all
results shall be reported, together with the number
of test pieces tested.

9.24 Tests were conducted for (24 ,(2)) h at ap-
proximately 25 % compression, on three test pieces
for each test condition. A median compression set
value was used as a “test result” as specified in the
method. For testing at 100 °C, the compression set
was measured after 30 min + 3 min of recovery time
at room temperature after removal from the appar-
atus.

9.25 For testing at —25 °C, the compression set
was measured 30 s and 30 min after removal of the
test piece from the apparatus, while the test piece
was still at —25 °C.
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9.2.6 A type 1 precision was measured in the ITP.
The time period for repeatability and reproducibility
is on a scale of days. A total of 19 laboratories par-
ticipated in the 100 °C test and 12 laboratories par-
ticipated in the — 25 °C test.

—25 °C.

ISO 815:1991(E)

b) test method:

1) a full reference to the test method used, i.e.

the number of this Internation

al Standard,

2) the type of test piece used, i.e. A or B and
9.3 Precision results whether or not it was laminated,
o . 3) the nature of the lubricant,
9.3.1 The precision results for the lubricated test
piece teostlng are given in table 1 for compression set 4) whether the test pieces were tested separ-
at 100 °C and in table2 for compression set at ately or as a set;
c) test details:
9.3.2 The precision results for non-lubricated test-
ing are given in annex B. 1) the laboratory temperature,
9.3.3 The symbols 7, (r), R, (R), as used in the ta- 2) the temperature and.time of gonditioning and
bles of relsults, are defined as follows: of recovery,
r = repeatability, in measurement units 3) the duratiomand temperature [of test,
(r) = riepeatability, in percent (relative) 4) the diameter of the circular mjicrometer foot,
R = reproducibility, in measurement units 5) details of any procedures not specified in this
International Standard;
(R) = reproducibility, in percent (relative)
dtest results:

10 Test report

The test
mation:

report shall include the following infary

a) sample details:
1) a full description of the samplevand its origin,

2) compound and cure details,./where appropri-
atq,

3) thg method of prepatration of test pieces from
samples, for example whether moulded or
cuf;

9)

the number of test pieces use(d,

the initial thickness A, of thg
required,

the thickness A, of the test
covery, if required,

the median value of the comp
if required, the individual test

in the case of low-tempe
graphical presentation;

e) the date of the test.

test pieces, if
pieces after re-
ression set and,

results,

ature tests, a
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Table 1 — Type 1 precision for compression set at 100 °C

Within lab Between labs
Material Average
r (r) R (R)

Type A test piece at 30 min

C 10,3 2,7 26 4,0 38

B 19,8 33 17 43 21

A 411 4.7 11 13,6 33
Pooled values 23,7 3,6 15 8,6 36
Type B test pie¢e at 30 min

C 14,8 33 22 4,5 30

B 244 4.3 18 7,7 32

i\ 449 51 1 14,0 33
Pooled values 28,0 43 15 10,0 35

Table 2 — Type 1 precision for compression set-at — 25 °C
Within lab Between labg
Material Average
r (r) R (R)

Type A test piegce at 30 s

A 39,3 5,2 13,3 30 76

IC 68,5 3,6 5,3 40 59

B 749 8,1 10,8 57 76
Pooled values 60,9 6,0 9,9 44 72
Type B test piece at 30 s

A 35 14 41 24 69

C 64 13 20 49 76

B 65 23 35 59 90
Pooled values 55 17 31 48 86
Type A test pidce at 30.min

A 20 9, 46 25 120

B 4675 +6; 36 i 150

C 50,3 7.2 14 60 120
Pooled values 39,1 472 12 55 140
Type B test piece at 30 min

A 19,1 83 44 24 120

B 38,4 11,6 30 65 170

C 453 11,6 26 66 140
Pooled values 343 10,6 31 56 160
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Annex A
(informative)

Guidance for using precision results

A.1  The general procedure for using precision re-
sults is as follows, with the symbol |x, — x,| desig-

nating a g

values (i.¢. without regard to sign).

A.2 Enter the appropriate precision table

whatever
average
to the “te

(for
test parameter is being considered) at an
alue (of the measured parameter) nearest
5t” data average under consideration. This

line will dfive the applicable r, (), R or (R) for use in

the decis

on process.

A.3 With these r and () values, the following gen-

eral repe
decisions

htability statements may be used to make

A.3.1 Fqr an absolute difference: The difference
|x; — x,| hetween two test (value) averages, found

on nomi

nally identical material samples under

normal and correct operation of the test procedure,
will exce¢d the tabulated repeatability » on average

not more

than once in twenty cases.

A.3.2 Fqr a percentage difference betWween two

test (valu

Ll

b) averages: The percentage difference
X,| /(¢ + x,)/2] % 100

between two test values, found on nominally ident-

ical material samples under normal

tabulated repeatability (r) on averag
once in twenty cases.

and correct op-

ositivedifferencemany twommeasuremment—eratiorm—of —the—test—procedure—will  exceed the

b not more than

A.4 With these R and )(R) valued, the following
general reproducibility ‘statements may be used to

make decisions.

A.4.1 For an absolute difference: T
ference |x, <x,|"between two indep

he absolute dif-
endently meas-

ured test (Value) averages, found in fwo laboratories
using normal and correct test procgdures on nom-

inally identical material samples,

vill exceed the

tabulated reproducibility R not mone than once in

twenty cases.

A.4.2 For a percentage differenc

b between two

test (value) averages: The percentage difference

[l = xl/(xy + x,)/2] x 100

between two independently measu
averages, found in two laboratorie

ed test (value)
5 using normal

and correct test procedures on nominally identical

material samples, will exceed
reproducibility (R) not more than
cases.

the tabulated
pnce in twenty
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Annex B
(informative)

Type 1 precision results for compression set at —25 °C and 100 °C without lubricant

Within lab Between labs
Material Average
7 ) R (R)
Testing done at| 100 °C
Type A test piere at 30 min
C 9,94 1,98 20,00 4,2t 42,3
B 19,50 4,06 20,80 5,06 26,0
A 41,00 3,15 7,67 11,20 27,3
Type B test piefe at 30 min
C 14,1 3,10 22,00 5,08 36,0
B 23,9 3,96 16,60 7,30 30,6
A 441 4,08 9,25 16,00 36,3
Testing done af — 25 °C
Type A test piece at 30 s
A 40,0 5,62 141 25,2 63,1
C 73,6 7,93 10,8 14,9 20,3
B 79,3 27,40 34,5 57,2 72,1
Type B test piece at 30 s
A 34,8 19,8 56,9 241 69,2
C 68,7 19,8 28,9 243 354
B 71,9 15,2 211 49,1 68,3
Type A test pidce at 30 min
A 19,3 1,45 7,54 21,8 113
B 47,9 13,10 27,30 67,3 141
C 49,8 10,10 20,20 59,8 120
Type B test pigce at30 min
o) 78 164 567 20.7 116
B 40,1 14,1 35,2 60,8 152
C 445 14,4 32,3 58,3 131
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