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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. 1ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodieg for voting.
Publication ag an International Standard requires approval by at least 75 % of the memberhodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be th¢ subject of
patent rights. |SO shall not be held responsible for identifying any or all such patent.rights.

International $tandard 1SO 4097 was prepared by Technical Committee ISO/TC 45, Rubber and rubbgr products,
Subcommitte¢ SC 3, Raw materials (including latex) for use in the rubber industry.

This fourth edition cancels and replaces the third edition (ISO 4097:1991), which has been technically reyised.

Annex A of th|s International Standard is for information only.
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INTERNA

TIONAL STANDARD

ISO 4097:2000(E)

Rubber, ethylene-propylene-diene (EPDM) — Evaluation procedure

WARNING — Persons using this International Standard should be familiar with normal laboratory
practices. This standard does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to ensure

complianc

1 Scop

This Interngtional Standard specifies:

physic
standg

vulcan
diene

2 Norm

The followi

this International Standard. For dated references, subsequent amendments to, or revisions of,

publication
investigate
undated re
maintain re
ISO 37:199
ISO 247:19
ISO 248:19

ISO 289-1:

Determinatjon of Moeney viscosity.

ISO 471:19

e

e with any national regulatory conditions.

Al and chemical tests on raw rubbers;
rd materials, standard test formulations, equipment and processing methods for €

zation characteristics of ethene-propene-diene (EPDM) rubbers) commonly termed ethyle
ubbers, including oil-extended types.

ative references
ng normative documents contain provisions which, through reference in this text, constitute
5 do not apply. However, parties to agreements based on this International Standard are ¢
the possibility of applying the most regent editions of the normative documents indicats
ferences, the latest edition of thernermative document referred to applies. Members of
gisters of currently valid International Standards.

4, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties.
90, Rubber — Determination of ash.

91, Rubbers, raw, == Determination of volatile-matter content.

1994, Rubber, unvulcanized

Determinations using a shearing-disc viscomete

95/ Rubber — Temperatures, humidities and times for conditioning and testing.

valuating the
he-propylene-

provisions of
any of these
ncouraged to
ed below. For
ISO and IEC

r Part 1:

ISO 1795:2000, Rubber, raw natural and raw synthetic — Sampling and further preparative procedures.

ISO 2393:1994, Rubber test mixes — Preparation, mixing and vulcanization — Equipment and procedures.

ISO 3417:1991, Rubber — Measurement of vulcanization characteristics with the oscillating disc curemeter.

ISO 6502:1999, Rubber — Guide to the use of curemeters.

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

© 1S0O 2000 -

All rights reserved


https://standardsiso.com/api/?name=047207a6b6e3ff63622cd6f7a3d526ec

ISO 4097:2000(E)

3 Sampling and sample preparation

3.1 Takea

3.2

laboratory sample of approximately 1,5 kg by the method described in ISO 1795.

Prepare the test portion in accordance with ISO 1795.

4 Physical and chemical tests on raw rubber

4.1 Mooney viscosity

Determine th
(without masg

If massing is
viscosity, a te

Record the r
(1+8) min has

4.2 Volatil

Determine the

4.3 Ash

Determine the

5 Prepar;

b Mooney viscosity in accordance with ISO 289-1, on a test portion prepared as indic
ing).

hecessary, maintain the mill roll surface temperature at 50 °C =5 °C (for rubbefs, with a |
mperature of 35 °C £ 5 °C can be used). Massing, if used, shall be mentioned.in‘the test re

psult as ML(1+4) at 125 °C unless another test temperature (100 °C_er 150 °C) and/g
been agreed by the interested parties

£ matter

volatile-matter content in accordance with 1ISO 248.

ash in accordance with method A or B of ISQ.247:1990.

htion of test mixes for evaluation

5.1 Standard test formulations

The standard

formulati
by mass;

formulati
67 % by

formulati
rubber;

test formulations are given in"Table 1, in which:

bn 1 is applicable toCagn-oil-extended EPDMs with a nominal ethylene content not higher

bn 2 is applicable to non-oil-extended EPDMs with a nominal ethylene content equal to or
mass;

bn 3is(applicable to oil-extended EPDMs containing less than 80 parts by mass of oil per 1

ated in 3.2
bw Mooney
port.

r test time

than 67 %

higher than

00 parts of

rubber.

formulation 4 is applicable to oil-extended EPDMs containing 80 or more parts by mass of oil per 100 parts of

The materials used shall be national or international standard reference materials, unless no standard reference
materials are available in which case the materials to be used shall be agreed between the interested parties.

An alternative formulation for non-oil-extended low Mooney viscosity EPDMs is given in annex A.
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Table 1 — Standard test formulations for evaluation of EPDM rubbers

097:2000(E)

Test formulation
Material 1 2 3 4
Parts by mass
EPDM 100,00 100,00 100,00 +y 2 100,00 + zP
Stearic acid 1,00 1,00 1,00 1,00
Industry reference black ¢ 80,00 100,00 80,00 150,00
ASTM 104 oil d 50,00 75,00 50,00 —y?@ —
Zinc oxide] 5,00 5,00 5,00 5,00
Sulfur 1,50 1,50 1,50 1,50
Tetramethyyl thiuram disulfide(TMTD) € 1,00 1,00 1,00 1,00
Mercaptohenzothiazole (MBT) 0,50 0,50 0,50 0,50
Total 239,00 284,00 239,00 + (y — 50) 59,00 + 7
if y>50

a yis the
less than §

b 7is the

€ Thec|

d  This o
Inc., P.O.
Street, Ph
results.

ASTM 103
kinem
Viscos

The viscog

VGC

b number of parts by mass of oil per 100 parts of base rubber in the“oil-extended rubber. If y is great
0, do not add oil to formulation 3. In this case, the total mass of.the formulation will be higher than 23

number of parts by mass of oil per 100 parts of base rubberfor types having a minimum oil content

rrent industry reference black (IRB) shall be used.

[, density 0,92 g/cm3, is produced by the Sun Refining and Marketing Company and distributed b
Box 139, Trenton, NJ 08601, USA. Overseas requests should be directed to Sunoco Overseas Inc.
ladelphia, PA 19103, USA. Alternative oils, such as Shellflex 724, are suitable but may give sli

oil has the following characteristics:
htic viscosity at 100 °C: 16,8 mm2/$\t 1,2 mm2/s;
ty gravity constant: 0,889 + 0,002.

ity gravity constant (VGE),is calculated from the Saybolt universal viscosity at 37,8 °C and the rg

(specific gfavity) at 15,5 °C/15,5 ¢C.*Use the following equation to calculate the VGC from the measured proper

| 10d —1,0752 log; 5{v=38)
10 - log (% 38)

the relative density (specific gravity) at 15,5 °C/15,5 °C;
the/Saybolt universal viscosity at 37,8 °C (ASTM D 88/ASTM D 2161).

br than 50 but
0.

pf 80.

vy R.E. Carroll
1801 Market
phtly different

lative density
lies:

€ A star

Texas 77338, USA.

556, Humble,
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5.2 Procedure

5.2.1 Equip

ment and procedure

Equipment and procedure for the preparation, mixing and vulcanization shall be in accordance with ISO 2393.

5.2.2 Mixing procedures

5221

Three alterna

General

ive mixing procedures are specified:

Method A
Method H
Method ¢

NOTE Mi
other rubbers 4
rubbers, it is re

— Internal mixing;
— Mill mixing;

— Use of internal mixer for initial and mill for final mixing.

ing of ethylene-propylene-diene rubbers in the standard test formulations using a mill is more difffcult than for
nd the use of an internal mixer allows better results to be obtained. Because of the difficulty of mill nixing EPDM

commended that method B be used only if internal mixer is not available’,

5.2.2.2 Method A — Internal mixing
5.2.2.2.1 Initial mixing procedure
Duration Cumulatiye time
(min) (min)
a) Adjust the temperature of the internal mixer to_achieve a final mix 0 0
temperature of 150° C in about 5 min. Close.the discharge door, set
the rotor jat 8 rad/s (77 r/min), start the rotor.and raise the ram.
b) Load thg rubber, the zinc oxide, thevearbon black, the oil and the 0,5 0,5
stearic a¢id. Lower the ram.
c) Allow the batch to mix. 2,5 3,0
d) Raise thg ram and clean)the mixer throat and the top of the ram. 0,5 3,5
Lower the ram.
e) Discharge the batch when the temperature reaches 150 °C or after max. 1,5 5,0
5 min, whichever-occurs first.
TUtQ: t;lllc (IIIO.I\.) 5,0

f) Immediately pass the batch three times through a laboratory mill with its mill opening set at 2,5 mm and at a
temperature of 50 °C £ 5 °C. Check-weigh the batch (see 1SO 2393). If the mass of the batch differs from the
theoretical value by more than +0,5 %/-1,5 %, discard the batch and re-mix.

9)
ISO 471.

Leave the batch for 30 min to 24 h after mixing, if possible at standard temperature and humidity as defined in

© 1SO 2000 — All rights reserved
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5.2.2.2.2 Final mixing procedure
Duration Cumulative time
(min) (min)

a) Adjust the chamber and rotors to 40 °C £5 °C. Close the discharge 0 0

gate, start the rotor at 8 rad/s (77 r/min) and raise the ram.
b) Charge one-half of the batch prepared in 5.2.2.2.1, the accelerators 0,5 0,5

and the sulfur, and then the rest of the batch. Lower the ram.
C) A”OW hc batuh tU III;I\ ullt;: A tUIII}JCIGtuIU Uf 110 OC Ul A tUtCl.: III;I\;IIH TTTOUA. 1,5 ?,0

time of 2 min is reached, whichever occurs first. Discharge the batch.

Total time (max.) 2,0

d) Immeg

e) Pass the rolled batch endwise through the rolls six times.

f)  Sheet

differs|from the theoretical value by more than +0,5 %/-1,5 %, discard+the batch and re-mix.

g Remo

h) Sheet the batch to approximately 2,2 mm for preparing test slabs or to the appropriate thicknesg

ISO i

i) Leave
ISO 41

5.2.2.3 Method B — Mill mixing

The standd
temperatur

oil and carlhon black together in arsuitable container before starting to mix (see, however, the note bel

A good rol
settings sp

the batch to approximately 6 mm. Check-weigh the batch (see ISO 2393). If the mass

e sufficient material for curemeter testing.

g specimens in accordance with ISO 37.

the batch for 30 min to 24 h after mixing, ifpossible at standard temperature and humidityf
1.

ird laboratory mill batch mass;’in grams, shall be based on twice the formulation mass
b of the rolls shall be maintained at 50 °C + 5 °C throughout the mixing. Mix the zinc oxidsg

beified below, small adjustments to the mill openings may be necessary.

(min) (min)
a) Band the“rubber on the fast roll with the mill set at 50 °C £5 °C and a 1,0 1.0
0,7 mm opening
b) Add the mixture of oil, carbon black, zinc oxide and stearic acid evenly 13,0 14,0
across the mill with a spatula. [steps b) + )]
NOTE In formulations 2 and 3, some of the oil may be withheld for
addition c).
© I1SO 2000 — All rights reserved 5

iately pass the batch through a laboratory mill with its mill opening set at 0;8.mm and at & temperature
of 50 °C £ 5 °C.

of the batch

for preparing

as defined in

The surface
, Stearic acid,

DW).

ing bank at the nipof the rolls shall be maintained during mixing. If this is not obtained with the nip

Duration Cumulative time
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c) When about half of the mixture is incorporated, open the mill to
1,3 mm and make one 3/4 cut from each side. Then add the remainder
of the mixture, opening the mill to 1,8 mm. When all the mixture has
been incorporated, make two 3/4 cuts from each side. Be sure to add
any material that has fallen into the mill pan.
d) Add the accelerators and sulfur evenly across the rolls, still at an 3,0 17,0
opening of 1,8 mm.
e) Make three 3/4 cut from each side, allowing 15 s between each cut. 2,0 19,0
f)  Cut the hatch from the mill. Set the mill opening at 0.8 mm and pass 2,0 21
the rolleq batch endwise through the rolls six times, introducing it from
each end alternately.
Total time 21,0
g) Sheet the batch to approximately 6 mm. Check-weigh the batch (see ISO 2393). If*the mass of the batch
differs frgm the theoretical value by more than +0,5 %/-1,5 %, discard the batch ahd re-mix.
h) Remove pufficient material for curemeter testing.
i) Sheet the batch to approximately 2,2 mm for preparing test slabs or te'the appropriate thickness fdr preparing
ISO ring ppecimens.
j) Leave thp batch for 2 h to 24 h after mixing, if possible at standard temperature and humidity ag defined in
ISO 471.
5.2.2.4 Method C — Internal mixer for initial and mill fo¥ final mixing
5.2.2.4.1 Stage 1 — Initial mixing procedure
Duration Cumulatiye time
(min) (min)
a) Adjust tHe temperature of the intesnal mixer to achieve a final mix 0 0
temperature of 150 °C in about 5'min. Close the discharge door, set
the rotor jat 8 rad/s (77 r/min){-start the rotor and raise the ram.
b) Load thg rubber, the zin¢ oxide, the carbon black, the oil and the 0,5 0,5
stearic a¢id. Lower theram.
c) Allow the batch to-mix. 25 3,0
d) Raise the‘ram and clean the mixer throat and the top of the ram. 0,5 3,5
Lower the Tam.
e) Discharge the batch when the temperature reaches 150 °C or after max.1,5 5,0
5 min, whichever occurs first.
Total time (max.) 50
f)  Immediately pass the batch three times through a laboratory mill with its mill opening set at 2,5 mm and at a
temperature of 50 °C £ 5 °C. Check-weigh the batch (see ISO 2393). If the mass of the batch differs from the
theoretical value by more than +0,5 %/-1,5 %, discard the batch and re-mix.
g) Leave the batch for 30 min to 24 h after mixing, if possible at standard temperature and humidity as defined in
ISO 471.
6 © 1SO 2000 — All rights reserved
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Stage 2 — Final mill mixing procedure

A good rolling bank at the nip of the rolls shall be maintained during mixing. If this is not obtained with the nip
settings specified hereunder, small adjustments to the mill openings may be necessary.

The standard laboratory mill batch mass, in grams, shall be based on twice the formulation mass.

Duration Cumulative time

(min) (min)
a) Set the mill temperature at 50 °C £5°C and the mill opening to 1,0 1,0
1,5 mmp—Bana-the-measterbateh-onthe—fastrol-and-add-the—sulfur—eand
accelerators. Do not cut the band until the sulfur and accelerators are
completely dispersed. Be sure to add any material that has fallen into
the mill-pan.
b) Make three 3/4 cuts from each side, allowing 15 s between each cut. 2,0 3,0
c) Cut thg batch from the mill. Set the mill opening at 0,8 mm and pass 2,0 50
the rolled batch endwise through the rolls six times, introducing it from
each gnd alternately.
Total time 50
d) Sheet|the batch to approximately 6 mm. Check-weigh the Batch (see ISO 2393). If the masq of the batch
differs|from the theoretical value by more than +0,5 %/-1,5 %, discard the batch and re-mix.
e) Remoye sufficient material for curemeter testing.
f)  Sheet the batch to approximately 2,2 mm for preparing test slabs or to the appropriate thicknesq for preparing
ISO ring specimens.
g) Leave|the batch for 2 h to 24 h after mixing, if possible at standard temperature and humidity[as defined in
ISO 471.
6 Evalyation of vulcanization characteristics by a curemeter test
WARNING|— Formation oftiitrosamines is possible during the cure.
6.1 Using oscillating-disc curemeter
Measure the follewing standard test parameters:
M., M{; atdefined time, tg1, t'c(50) and t'¢(90)

in accordance with 1ISO 3417, using the following test conditions:

oscillation frequency: 1,7 Hz (100 cycles per minute)

amplitude of oscillation: 1° arc

selectivity: to be chosen to give at least 75 % of full scale deflection
NOTE With some rubbers, 75 % may not be attainable.

die temperature: 160°C£0,3°C

pre-heat time: none

© 1SO 2000 — All rights reserved
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6.2 Using

arotorless curemeter

Measure the following standard test parameters:

FLa I:max

at defined time, tg1, t'c(50) and t';(90)

in accordance with 1ISO 6502, using the following test conditions:

oscillation frequency:

amplitude of oscillation:

selectivity:
NOT
die temp
pre-heat
7 Evalua
WARNING —
Vulcanize sh
50 min. The

of cure shall

Condition the
defined in 1S

Measure the §

8 Precisi

8.1 Gener

The precision
and reproduc

8.2 Precis

1,7 Hz (100 cycles per minute)

0,5° arc

to be chosen to give at least 75 % of full scale deflection at Fy, 4«
3 With some rubbers, 75 % may not be attainable.
brature: 160°C+0,3°C
lime: none
ion of tensile stress-strain properties of vulcanized test mixes
Formation of nitrosamines is possible during the cure:

ets at 160 °C for three periods chosen from a cufe series of 10 min, 20 min, 30 min,
iddle vulcanization time shall be chosen from the above list to be nearest to t'¢(90). The th
e chosen to cover undercure, optimum cure and,overcure of the material under test.

vulcanized sheets for 16 h to 96 h at a*standard temperature, and if possible a standar
471.

tress-strain properties in accordance with ISO 37.

DN

il

results for thelinternal mixer procedure are based on data from ASTM D 3568-9005]. The r
bility haveheen calculated in accordance with ISO/TR 9272.

on‘details

10 min and
ree periods

d humidity,

cpeatability

8.2.1 Intern

al mixing

A type 2 (interlaboratory) precision was determined. Three different materials (EPDM rubbers) were used in the
interlaboratory programme. These were tested in eight laboratories on two different days following the internal
mixing procedure (method A) and using international reference black No. 6 (IRB No. 6). Only curemeter (oscillating-

disc) tests we

8.22 Millm

re performed.

ixing

A type 2 (interlaboratory) precision was determined for cure characteristics measured using an oscillating-disc
curemeter. One material (EPDM rubber) was used in the interlaboratory programme. This was tested in eight

laboratories o

n three different days following the mill mixing procedure (method B).

© ISO 2000 — All r
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8.3 Precision results

The calculated repeatability and reproducibility values are given in Tables 2 and 3.

The symbols used in Tables 2 and 3 are defined as follows:

r=

ISO 4097:2000(E)

repeatability, in measurement units. This is the value below which the absolute difference between two
“within-laboratory” test results may be expected to lie, with a specified probability.

(r) = repeatability, in per cent (relative).
The two tgstresults—are—obtainedwith-the-same—method-c s allyidentical-test materials—ungder the same
conditions [same operator, apparatus and laboratory) and within a specified time period. Unless_stated otherwise,
the probabllity is 95 %.
R= reproducibility, in measurement units. This is the value below which the absolute, difference between two
‘between-laboratory” test results may be expected to lie, with a specified probability.
(R) = feproducibility, in percent (relative).
The two tgst results are obtained with the same method on nominally identical test materials upder different
conditions |(different operators, apparatus and laboratories) and within_a¢specified time period. Unless stated
otherwise, the probability is 95 %.
Table 2 — Internal mixing procedure type 2 precision for various test parameters
. Range of Within laboratory Between laboratories
Property, Units values a
S r (r) SR R (R)
ML dN-m 6,7t0 12,4 0,50 1,42 14,8 1,24 3,51 36,6
My dN-m 32,7 t0 46,9 1,29 3,65 9,2 3,66 10,4 26,1
ts1 min 2,2t02,7 0,11 0,31 12,4 0,38 1,08 43,2
t'<(90) min 12,6 to 15,6 0,64 1,81 12,8 1,20 3,40 24,1
NOTE 5 = Repeatability standard deviation, in measurement units.
5z = Reproducibility standand deviation, in measurement units.
a8  Measyred at 160 °C, 1,7 Hz;\X° amplitude arc. The midpoint of the range was used for calculations of (r) and (R).
Tahle’3 — Mill mixing procedure type 2 precision for various test parameters
_ Within laboratory Between laboratories
Property| Units Mean level 2 — —
5 l {r) R R (R
ML dN-m 7,00 0,54 1,51 21,57 1,49 4,19 59,86
My dN-m 46,09 1,06 2,96 6,42 2,41 6,74 14,62
ts1 min 2,23 0,05 0,14 6,72 0,25 0,69 30,94
t'<(50) min 4,43 0,18 0,49 11,06 0,27 0,75 16,93
t'<(90) min 13,47 0,45 1,25 9,28 0,95 2,67 19,82
NOTE s = Repeatability standard deviation, in measurement units.

sr = Reproducibility standard deviation, in measurement units.

& Measured at 160 °C, 1,7 Hz, 1° amplitude arc. The midpoint of the range was used for calculations of (r) and (R).

© 1SO 2000 — All rights reserved
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9 Testreport

The test report shall include the following:

a) a reference to this International Standard;

b) all details necessary for the identification of the sample;

c) the time and temperature used for the Mooney viscosity determination, and whether a massing procedure was
used (and, if so, the parameters);

d th tl’l ol cad farthn ach Aatarmaination (antihad A Ar D ~AfI1ICM 2947-1000\
e methpe-used-for-the-ash-determination(methedA-orB-oHSO-2474996):

e) the standard test formulation used;
f)  the refergence materials used,;
g) the mixing procedure used in 5.2.2;
h) the conditioning times used in 5.2.2.2.1g) or 5.2.2.2.21) or 5.2.2.3j) or 5.2.2.41g) and 5.2.2.4.2q);
i) for clause¢ 6:
— the type of curemeter used,
— the rpference standard,
— the time for My or Frnax
— the gmplitude of oscillation used for the curemeter test;
j)  the vulcahization periods used in clause 7,
k) any unuspual features noted during the determination;

I) any opergtion not included in this International Standard or in the International Standards to which eference is
made as|well as any operation regarded as optional;

m) the results and the units incwhich they have been expressed;

n) the date pf the test.

10 © 1SO 2000 — Al rights reserved
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