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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
ical standardization.
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Rubber — Determination of crystallization effects by
hardness measurements

1 S

cope

This document specifies a test based on hardness measurements for determining the progressive

stiffe

hardy
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'n'ng of rubber with Hmn’ caused hy r‘rycfa"i'r;\finn Itis limited to materials hay

ess at a test temperature of from 10 IRHD to 85 IRHD.

hethod is applicable to raw, unvulcanized (compounded) and vulcanized rubber. If]
st for rubber with a marked crystallization tendency at temperatures \experie
Les, such as chloroprene and natural rubber.

The method is not applicable to fast-crystallizing materials which crystallize to a conside
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h the timespan of 15 min used for conditioning at test temperature:

ormative references

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

8-2:2018, Rubber, vulcanized or thermoplastics— Determination of hardness — Par
en 10 IRHD and 100 IRHD

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

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

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

nd IEC maintain terminological databases for use in standardization at the following

$0 Online browsing platform: available at https://www.iso.org/obp

C Electropedia: available at http://www.electropedia.org/

ng an initial

is mainly of
hced in cold

rable degree

their content
applies. For
ents) applies.

t 2: Hardness

test methods

addresses:

4 P

rinciple
) ol

One or the other of the following measurements is made on a test piece stored at the desired
temperature:

a) theincrease in hardness after a specified storage time;

b) the time required for a specified increase in hardness to occur.
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5 Apparatus

5.1 Cold chamber, in accordance with ISO 23529, capable of being maintained within *2 °C of the
specified temperature and using a gaseous heat-transfer medium.

All final handling and measurements shall be made within the cold chamber while the test temperature
remains within the permissible limits. This can be done by providing suitable equipment which permits
manipulation of materials within the chamber from the outside (for example, by means of handholes
and gloves through the door or wall of the cabinet).

5.2 Hardness gauges, in ordance with

oaug 5 using
friction in th¢ instrument at the test temperature.

The hardnesk gauge used in this test procedure is normally conditioned and operated inSide the cold
chamber. Alternatively, a special device may be used where the body of the hardness. gauge is placed
outside the gold chamber and connected with the indenter in the cold chamber by means of a rod with
low heat-confductive capacity, and constructed to avoid the introduction of additional’friction.

5.3 TweezZers or tongs, for handling the test pieces.
5.4 Gloveg, for handling the test equipment.
5.5 Heated press, for the preparation of raw and unvulcanized{cempounded) test pieces.

6 Calibration

The apparatyis shall be calibrated in accordance with the'schedule given in Annex A.

7 Test pigpces

7.1 Dimensions

Tests may b¢ carried out on test pieces of different thicknesses. These do not necessarily give the[same
values of harjdness readings. Tests intended to be comparable shall be made on test pieces of the|same
thickness.

The upper and lower surfaces of the test piece shall be flat, smooth and parallel to one anothef. The
standard tesft piece shall-be 8 mm to 10 mm thick. Non-standard test pieces may be either thicker or
thinner, but |n no caSeshall the test piece be thinner than 4 mm for hardness between 35 IRHD and
85 IRHD, or fthinnerthan 6 mm for hardness between 10 IRHD and 35 IRHD. The lateral dimersions
of both standar@and non-standard test pieces shall be such that no test is made at a distance from the
edge of the t¢stpiece less than the appropriate distance shown in Table 1. |m

2 © IS0 2020 - All rights reserved
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Table 1 — Dimensions of test pieces

Dimensions in millimetres

7.2

7.2.1

Test
neces
provi

7.2.2

Test
qua
still
the p
Value
piece
for m
manyj
might
condi

7.3

7.3.1
Whern

njity in a preheated mould and then applying'heat and pressure (5.5) for a suitable tim

fions be used that eatise incipient cure or degradation.

Total thickness of Minimum distance from
test piece point of contact to
edge of test piece
4 7,0
6 8,0
Q Q,n
10 10,0
15 11,5
25 13,0

Preparation

Vulcanized rubber

bieces of vulcanized rubber shall be prepared in accordance with ISO 23529. T
sary thickness, it is permissible to superimpose two piéces of rubber (but no mof
Hed that these have flat, parallel surfaces.

Raw and unvulcanized rubber

ieces of raw and of unvulcanized (compoufided) rubber shall be prepared by placi

nder pressure, shall be cooled to standard laboratory temperature (see [SO 23529). ]
‘essure shall be released, and the.test piece removed. It shall be free from blisters
5 of mould temperature and tinie,of application of pressure required to produce a
depend upon the type of rubber. A temperature of 150 °C applied for 3 min has been f¢
hny raw rubbers, while a temperature of 120 °C applied for 3 min has been found sa
compounded rubbers. However, for some materials, longer times or higher mould ¢

be necessary to ensure a smooth and flat test piece surface. Under no circum

Conditioning

Time-interval between vulcanization and testing

appropriate, the time interval between vulcanization and testing shall be in accq

b obtain the
e than two),

ng a suitable
p. The mould,
A fter 15 min,
hind porosity.
suitable test
und suitable
lisfactory for
emperatures
ttances shall

rdance with

ISO 2

B529.

7.3.2

Decrystallization and conditioning

Test pieces of vulcanized rubber or test pieces moulded from raw or unvulcanized (compounded)
rubber kept for more than 8 h after moulding before testing shall be decrystallized immediately before
testing by heating them in an oven at 70 °C for 45 min. They shall then be conditioned at the standard
laboratory temperature (see ISO 23529) for at least 30 min and no more than 60 min before testing.

© IS0 2020 - All rights reserved
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8 Temperature and duration of test

8.1 Temperature

The test shall be carried out at one of the following temperatures (see ISO 23529):

+23°C+2°C (standard laboratory temperature)

+27°C+2°C (standard laboratory temperature)

+10°Cx2°C

0°Cx2°C
-10°C=*2°(
-25°C=*2°(

-40°Cx2°C
-55°Cx2°¢

-70°C+2°(

If not specified for special reasons, the test shall be carried out at'the temperature which is clos

the one whey

NOTE Ge
temperatures

8.2 Duratj

Hardness m

e the crystallization rate is at its maximum whenewver this is known.

herally, crystallization rates are known to have, their maxima at the following appros
Rubber polymer Temperature of maximum
crystallization rate
°C

Chloroprene rubber -10
Polyurethane rubber -10
Natural rubber ot
(1,4-cis-pplyisoprene)
Dimethylsilicone rubber -55
1,4-cis/polybutadiene -55

lon

basurements are generally taken after (24_?)'5) h and (168_3) h of storage at th

temperature

est to

imate

e test

painst

[ntermediate times of reading can be used to enable the hardness to be plotted a

time (48 hand 96 h are suggested). Longer times of storage may be used if the hardness is still increasing

at 168 h.

If the hardness increase after (24_(()) 5 ) his more than 10 IRHD above the reading of initial hardness, the

test shall be repeated using shorter times of storage (1 h, 2 h, 4 h and 8 h are suggested).

9 Procedure

9.1 Hardness measurement

Carry out the hardness measurement in accordance with ISO 48-2. For the initial hardness, select
method N, H or L as appropriate: for initial hardness between 10 IRHD and 30 IRHD, the instrument

4
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specified for method L shall be used, for initial hardness between 30 IRHD and 80 IRHD, the instrument
specified for method N shall be used, and for hardness over 80 IRHD, the instrument specified for
method H shall be used. The method selected shall also be used for measurements after exposure to low
temperature, regardless of whether the hardness still falls within that range. If the hardness increase
gives values above 35 IRHD for method L, the hardness readings shall be determined from an extension
to ISO 48-2:2018, Table 5, calculated using the formula given in ISO 48-2:2018, Annex A.

Make one measurement at either three or five different points distributed over the test piece and take
the median of the results. Make each reading at a point at least 4 mm away from points where any
previous readings have been made.

9.2 [Original hardness

If required to give further information, first measure the hardness with the tést"piece and test
equipment conditioned at the standard laboratory temperature (see ISO 23529).

9.3 [Initial hardness at test temperature

Condftion the hardness gauge (5.2) and the tweezers or tongs (5.3) ixrthe cold chamber (5.1) at the
desir¢d test temperature for at least 60 min.

Place|the test piece in the cold chamber at the desired test tempéerature. After 15 min * 1 min, take the
first lIardness reading, using the tweezers or tongs for handling the test piece and the glpves (5.4) for
handling the test equipment. If the initial hardness reading\is above 85 IRHD, this test method is not
appligable.

9.4 |Hardness increase due to crystallization

Repeat the hardness measurements, as specified in 9.1, after the specified times of storage at the test
temperature.

After|all measurements have been completed, it is advisable to dry all apparatus by waiming it with
circulating air to approximately 40 °C:

10 Expression of results

NOTE The rubber indastry uses the term equation for the relationships termed formula heredfter. The term
formulla is used to describe'the table of ingredients in a rubber compound.

10.1 |Calculate the'change in IRHD AH before and after storage (see 8.2) using the Formula](1):
AH = H =H, 1)

where

H.

; isthe initial hardness;

H, isthe hardness after storage
See Figure 1, a)
Report the result as the median value for the test pieces.

If the hardness increase after 168 h is greater than 10 IRHD, the readings at different times can be
plotted against time (time on logarithmic scale) and a smooth curve fitted to the points. From the
curve, the time corresponding to a hardness increase of 10 IRHD can be obtained by interpolation. See

Figure 1, b).

© IS0 2020 - All rights reserved 5
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The same procedure can be applied, using the shorter time scale, when the hardness increase after
(24_) 5 ) h exceeds 10 IRHD.
The increase in hardness after a specified time or the time for a specified increase in hardness can also

be used for reporting of data to comply with requirements in certain specifications. See Figure 1, c).

10.2 For other purposes, the time taken for half the hardness increase to occur between the initial
and final hardness can be given [see Figure 1, d)], using the smooth curve of hardness versus time. This
assumes that hardness measurements are extended in time to secure the level of final hardness.

H

a) Hardnepss increase after (168_(% ) hless than 10 IRHD: reportthe actual hardness increase,

AH,, after (168_) h

H

1 10 t, 100 t

c) Report time ¢, for a specified hardness increase, AH,, to occur, or report hardness increase
AH, after a specified time, t,

6 © IS0 2020 - All rights reserved
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AH

t

d) Report time ¢; for half the hardness increase between initial and final hardnessgs to occur

Key
H hardness (IRHD)
t  time of storage at test temperature, h

Figure 1 — Different ways of reporting data from smooth curve‘obtained by plotting hardness
readings against time of storage at testtemperature

11 Test report

The t¢st report shall include the following information;

a) sample details:

1) full description of the sample and its'erigin;

2) compound details, and cure details, where appropriate;

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

b) t¢st method:

1) afull reference to'‘the test method used;
2) the methodefimeasuring hardness;
3) the type-oftest piece used;

c) téstdetails!

1) cthe standard laboratory temperature;

2) decrystallization and conditioning prior to test, if carried out;
3) the test temperature;
4) time of storage at the test temperature;
5) details of any procedures not specified in this document;
d) testresults:
1) the number of test pieces used;
2) theindividual test results;

3) the median results;

© IS0 2020 - All rights reserved 7
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4) date of test.
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