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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standa
bodies (ISO member bodies). The work of preparing International Standards is normally carried

rds
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. Internatio

nal

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 procegdures used to develop this document and those intended for its further maintenance
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed.for
different tiypes of ISO documents should be noted. This document was drafted in accordance|with
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention s drawn to the possibility that some of the elements of this document maybe the subjec
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detail
any patent rights identified during the development of the document will be in the\Introduction and
on the ISO|list of patent declarations received (see www.iso.org/patents).

Any trade|name used in this document is information given for the convehience of users and does
constitutelan endorsement.

lanation on the voluntary nature of standards, the meaning of ISO specific terms :
expressions related to conformity assessment, as well as information about ISO's adherence to
World Trafle Organization (WTO) principles in the Technical Bafriers to Trade (TBT) see the followj
URL: www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Commijttee ISO/TC 45, Rubber and rubber produ
Subcommfttee SC 2, Testing and analysis.

This first [edition of ISO/TS 289-4 cancels and replaces ISO 289-4:2003, which has been technic:
revised.

The main fhanges are:
— publidation as an ISO Technical Specification instead of an International Standard;
— the addition of Annex B.

Alist of al] parts in the ISO‘289 series can be found on the ISO website.
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Introduction

Mooney viscosity, as defined in ISO 289-1, is one of the most widely accepted rubber characterization
parameters. However, Mooney viscosity alone is usually insufficient to guarantee that other rheological
properties are well controlled[2]. It does not give any information about the elasticity of raw and
unvulcanized rubbers[3]. Viscosity and elasticity can change independently; therefore, it is important
to have test procedures available that are able to measure both properties independently.

Mooney VlSCOSlty is measured at one specific shear rate and rubbers exhibit shear rate-dependant
ion of the shear
ion of the

reqults are too compllcated to be used as a standard quality control tool at present.

cts in the
v seconds
rate (MSR)

As|described in the literaturel4], the Mooney stress-relaxation is related to the elastic eff
rhdology of unvulcanized rubbers. It can be measured relatively easily and onliZtakes a fe
exfra at the end of a standard Mooney viscosity measurement. The Mooney stress-relaxation

parameter is independent from Mooney viscosity.

Mo
of
Mo

oney stress-relaxation, combined with the conventional Mooney vis¢osity, gives a better description
the visco-elastic behaviour of uncompounded as well as compotnded, unvulcanized rubbersl5].
oney stress-relaxation measurements have been proposed as a quality control toolle][Z].

rocedures
pducibility

Th
for
cofl

e short interval method as described in this document is arefinement of the evaluation p
Mooney stress-relaxation measurements. Short intervdl/evaluation leads to higher repr
hpared to using an extended interval.

Using a short interval, a major parameter relevant te’rubber rheology can be obtained from Mooney

str
vel|

Th
pre

bss-relaxation experiments viz. the Mooney stress-relaxation rate, i.e. the rate of decay
sus timel8]1[9][10][11],

e Mooney stress-relaxation rate also hasybeen referred to as “slope”, where the latter is s
sented as a positive and sometimes.as a negative value. As the method described in this

of torque

ometimes
document

usq
dis

s a specific evaluation interval and-the parameter is always referred to as a positive vallue, a new
tinctive name has been chosen[12][13][14][15],

Da 1 different

hig

a are available to show thatithe described method distinguishes polymers (EPDM) witl

h molecular weight fraction's despite the short evaluation interval.
Th

e decision to publish this document as a Technical Specification instead of an International Standard

is hased on the factthat the method in this document was new and not widely enough practjsed at the
tinje of development:
© IS0 2017 - All rights reserved v
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Rubber, unvulcanized — Determinations using a shearing-
disc viscometer —

Part 4:
Determination of the Mooney stress-relaxation rate
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Scope

s document specifies a method of use of a shearing-disc viscometer for measuring the Moo}
hxation rate (MSR) of uncompounded or compounded, unvulcanized rubbeps, characte
stic response of those materials next to the viscous response as measured by the Mooney
e intended use of this document is on quality control measurements.

Normative references

b following documents are referred to in the text in such~-away that some or all of the
stitutes requirements of this document. For dated reférences, only the edition cited a
lated references, the latest edition of the referenced document (including any amendment

289-1:2015, Rubber, unvulcanized — Determinations using a shearing-disc viscometer
ermination of Mooney viscosity

18899:2013, Rubber — Guide to the calibration of test equipment

Terms and definitions
the purposes of this document, the following terms and definitions apply.

and IEC maintain terminological databases for use in standardization at the following ad

IEC Electropedia: ayailable at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.org/obp

3.
M
M

abgolute;value of the slope of the linear regression line of the log(torque) versus log(time) }

oney stress-relaxation rate
R

ey stress-
rizing the
viscosity.

ir content
pplies. For
s) applies.

— Part 1:

dresses:

blot over a

specified time interval after stopping the rotor at the end of a Mooney viscosity measuremer1t

Note 1 to entry: The MSR measurement is a stress relaxation measurement which covers a broad spectrum of
relaxation times and is sensitive to polymer structure at a specified relaxation time interval.

4

Principle

The test consists of determining the decay of the Mooney torque immediately after the determination of
the Mooney viscosity. After abruptly stopping the rotor at the end of the Mooney viscosity measurement,
the decrease in torque is recorded as a function of time. The rate of change of the torque is evaluated
over a short time interval assuming power law validity, in accordance with theoretical predictions[16l.

© IS0 2017 - All rights reserved
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5 Apparatus

The apparatus specified in and calibrated in accordance with ISO 289-1 shall be used. Furthermore, the
apparatus shall be able to stop the rotation of the disc within 0,1 s, reset the zero torque point to the
static zero for a stationary rotor and record the torque at least every 0,2 s after stopping the rotor.

There is a difference in zero torque for a stationary and a rotating rotor. Resetting of the zero torque
point for the rotating rotor before every measurement is recommended. This results in a negative
torque signal during the preheating time as can be seen in Figure 1.
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Figure 1 — Mooney viscosity curve with Mooney stress-relaxation part

The use of a barrier filmis recommended. The polymer type and the thickness of such a film might
affect the fest results\as described in [SO 289-1.

As stated @above,.the apparatus should be able to stop the rotation of the disc within 0,1 s. Figure 2 a){b),
c) and d) ¢leatly indicate that this is not always the case. Measurements with certified butyl IRM241D
on an apppratus of which the motor (old) was replaced with a different type of motor (new) resulked
in different MSR values, respectively 0,662 vs 0,702. As shown in Figure 2 b), different log-log plots of
the torque versus time were found for the old and new motor. Analysis of the individual measurement
data showed different slopes in the relaxation curves in the range of 301,6 s and 305 s [Figure 2 c}].
Analysing the moment of stopping of the motor showed that the old motor stops 0,1 s to 0,2 s before
and the new motor 0,3 s to 0,4 s after the pre-described moment of stopping of 300 s. In principle, both
types of motor do not meet the stopping requirements. Hence, care should be taken when comparing
MSR data from different apparatus. Apparatus influences should be investigated first.

In an attempt to compare the data obtained with the different motors, the MSR curves were shifted
over each other and the MSR data were recalculated [Figure 2 e) and f)]. This kind of curve fitting could
be a solution.

2 © IS0 2017 - All rights reserved
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Figure 2 — Illustration of motor influence

6 | Calibration

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

7 Preparation of test piece

Run a Mooney viscosity test as described in [SO 289-1.

8 Temperature and duration of the test

Use the test conditions as described in ISO 289-1.

© IS0 2017 - All rights reserved 3
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9 Procedure

Conduct the test following the procedure described in ISO 289-1:2015, Clause 7.

If the viscosity has not been recorded continuously, plot the observed Mooney viscosity values as

specified i

n ISO 289-1.

An automatic recorder is strongly recommended. The use of specialized data acquisition software is
preferred in order to enable automated calculations.

At the end of the viscosity test, stop the rotation of the disc within 0,1 s, reset the zero torque point to

the static

NOTE
would resy
relaxation
relaxing to

The relaxd
5,0 s after
viscosity

The use o
Mooney s
This is du
to develoy]
different

Deviation;
always me

rero for a stationary rotor and record the torque at least every 0,2 s.

Resetting torque to a static zero is necessary because the dynamic zero used for the viscesity
It in a negative torque value once the material has completely relaxed with a stationary“disc.
of torque for most polymers is so rapid that stopping the rotor, resetting zero and récording
"que have to be controlled automatically.

ition data shall be collected starting at 1,6 s after the rotor is stopped-anid continuing u
the rotor is stopped. This normally gives a total of 18 data points. A typical chart of a Moo
est followed by a stress relaxation test is shown in Figure 1.

F different evaluation intervals and/or different data sampling-schemes results in differ

e to the lower signal-to-noise ratio at progressing relaxation times. Most of the work d
this document has been based on EPDM. It might be anticipated that for other polym
evaluation intervals and/or different sampling schemes are more appropriate[1Z]]

from this document should be agreed upon between the supplier and the customer 3
ntioned in the test report.

10 Calcllation and expression of results

Analysis
of torque
the constd

is

is

Mooney stress-relaxation rate data-(torque versus time data) consists of a) developing a
Mooney units) versus time in seeonds in a log-log plot as shown in Figure 3 and b) calculat
nts of the power law model of material response, as represented by Formula (1).

L)OC

gives the Moopeyunits (torque) during the stress relaxation test;

a constanbequal to the torque in Mooney units 1 s after the rotor is stopped;

thedtime after rotor stop, in seconds;

est
[he
the

htil
hey

ent

ress-relaxation rate values. Longer evaluation intervals might result in increased errgrs.

bne
TS,
18],

ind

lot
ing

M

is

dIT EXPOITENt that determmines the Tate of stress retaxation.
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y =
Key
X |logt
Y |[logT
Figure 3 — Mooney stress-relaxation rate parameters
If Hormula (1) is transformed by taking thedog of both sides, Formula (2) is obtained:
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Y
12
1
\_\JASR = 0,941 £0,006
|
0.8 f
|
—
d(7) ! d (1)
0,6
* —\‘
0.4
0,2
0 | ] | | | | |
0 0,1 0,2 0.3 0.t 0.5 0.6 01 08 X

t—0,9414x+1,172 4 ; R? =0,999 4 ; standard error = 0,005 9

logT =a(logt)+logk

s has the form of a linear regréssion equation where a equals the slope, log k equals thg
log T and log t correspand respectively to the dependent and independent variables. [

e of the slope, |a| ,rounded to the nearest third decimal is the Mooney stress-relaxation i
bort the results 6fa'typical test in the following format:
MSR = 0,941<£0,006

'E The number 0,006 in this expression stands for the standard error as calculated as
ression analysis. It is an estimation of the random error on the MSR value. It is calculated as:

(2)

intercept
h a plot of

T versus log t, as showh in Figure 3, the slope of the graph, (log T/log t), is equal to a. The absolute

ate.

part of the

> (X - X)?

ere
ej isthe difference between measured value and the estimated value based on the linear regres-
sion, the so-called residual;
n is the number of measurements[19].

The MSR should always be reported in combination with the Mooney viscosity.

© IS0 2017 - All rights reserved
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11 Precision

For precision, see Annex A.

12 Test report

The test report shall include the following information:

a) all of the information described in ISO 289-1:2015, Clause 10;

b)
‘)
d)
e)
f)

g)

arefe

the m

the re

the M

the st

neare

any operation not included in this document or regarded as optional.

"ence to this document, 1.e. [ISU/ TS Zo9-4;

hnufacturer and the model of the viscometer used;

5t third decimal;

axation time interval used if it differs from the one stated in Clause 9;

poney stress-relaxation rate (MSR) rounded to the nearest third decimal;

andard error for the MSR as calculated as part of the regression analysis rounded to the

© ISO 2017 - All rights reserved
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A.d

The precision calculations to provide repeatability and reproducibility values were \per
acdordance with ISO/TR 9272[1], the guidance document for ISO/TC 45 test methods,Precisio
andl nomenclature are also given in ISO/TR 9272.

Al

A.2
Mo
the

A
rey]
arg

A2

tw¢ separate days (1-week interval) in May 2012:

Th
pre

Soine details of the polymers are listed'in Table A.2. A heat-stable polyester film of 0,025 mm|

ISO/TS 289-4:2017(E)

Annex A
(informative)

Precision statement

Pal h
ucliCi dl

2 Programme details

.1 The first interlaboratory test programme (ITP) was organized and conducted in
oney stress-relaxation rate (MSR, single measurements) was made on three separate test d
time span of 2 weeks.

otal of six laboratories participated in this ITP. A typé 1 precision evaluation wit
lacement according the procedures of ISO/TR 9272 vras carried out. Some details of thd
listed in Table A.1. A heat-stable polypropylene film*ef 0,020 mm was used.

.2 The second ITP was carried out on 2012,.The MSR tests (single measurements) wer

s second ITP corresponds to a type 1xprecision evaluation (without outlier replacement
paration or processing steps in the participation laboratories. A total of 14 laboratories pa

formed in
h concepts

2001. The
ays within

h outliers
polymers

> made on

s) with no
Iticipated.
was used.

A.3 Precision results

The precision results anelisted in Tables A.1 and A.2.

The precision evaluation of 2001, compared to the ITP 2012, generally showed better precisjon results
for|all materials{particularly for the reproducibility (R). The reasons for the reduced (R) could be
divierse, differenCes in selected polymers, equipment, way of stopping the motor, calculation pf the MSR
ratg by the equipment software and evaluation method.

Additionally, another precision evaluation was performed based on the original MSR rate valpies and on
thd rawinterval data obtained from 8 of the 14 participants in the second ITP. From these rayv data, the
MSRratevaluesforeachparteipatinglaberaterywere reealenlated—"The manuallyreealedlated MSR

rate values deviated a little bit in nearly all cases from the original values. The precision calculation
was in both cases carried out according to a type 1 precision evaluation as described in A.2.2. The
results are listed in Tables A.3 and A.4. In general, a somewhat better repeatability (r) was found for
the MSR rate values based on the eight original values, but a large repeatability (r) for sample EPDM-1
based on the recalculated MSR rate values. In general, the reproducibility (R) based on the recalculated
MSR rate values improved in most cases. Care should be taken when comparing results obtained with
different equipment.

A.4 Bias

Bias is the difference between a test value and a reference or true value. Reference values do not exist
for this test method; therefore, bias cannot be determined.

© IS0 2017 - All rights reserved
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Table A.1 — Type 1: Precision for Mooney stress-relaxation rate — Precision values sorted for
each category — By mean stress-relaxation rate (Evaluation 2001)

ML MSR

Within laboratories Between laboratories Num-

Polymer | Mean | Mean ber of

level level S, r @) Sgr R (R) labora-

toriesa
EPDM-1 76,9 0,393 0,0013 0,0037 0,95 0,004 9 0,013 7 3,49 6
EPDM-2 72,8 0,447 0,0015 0,004 1 091 0,0051 0,014 2 3,18 6
EPDM-3 80,2 0,538 0,002 4 0,006 8 1,26 0,006 4 0,017 6 3,31 6
EPDM-4 55,5 0,750 0,010 7 0,0301 4,01 0,016 1 0,045 1 6,01 6
EPDM-5 24,5 0,750 0,012 6 0,035 2 4,69 0,042 5 0,1191 15,88 6
EPDM-6 46,7 0,931 0,0188 0,052 7 5,66 0,024 9 0,069 6 7,48 6
IIR-1 78,2 0,234 0,002 2 0,006 2 2,64 0,003 3 0,009 2 3,95 5
[IR-2 51,7 0,623 0,004 7 0,013 2 2,12 0,007 1 0,020.0 3,21 5
SBR1712 | 54,2 0,334 0,002 1 0,0059 1,77 0,004 1 0,001)5 3,45 6
SBR 1500 | 49,6 0,415 0,002 7 0,007 7 1,86 0,0069 0,019 2 4,64 6
NBR-1 779 0,343 0,002 4 0,006 7 1,95 0,0051 0,014 2 4,13 6
NBR-2 81,6 0,373 0,0011 0,0031 0,84 0,0052 0,014 5 3,88 6
NBR-3 30,7 0,424 0,004 8 0,013 5 3,18 0,011 9 0,033 2 7,84 6
NBR-4 32,3 0,571 0,003 7 0,010 5 1,83 0)016 0 0,044 9 7,87 6

Sy is the within-laboratory standard deviation (in measurement units).

r isthe repeatability (in measurement units).

(r) is the repeatability (in per cent of mean level).

Sr is the befween-laboratory standard deviation (for total between-laboratory variation in measurement units).
R isthe reproducibility (in measurement units).

(R) is the rejproducibility (in per cent of mean level):

a  Numbef of laboratories in the revised database after option one deletion.

Table A.2 — Type 1: Precision for Mooney stress-relaxation rate — Precision values sorted fpr
each category(— By mean stress-relaxation rate (Evaluation 2012)

ML MSR
Within laboratories Between laboratories Numnj-

Polymer | Mean | Méan ber of

level level S, r (@) Sr R (R labo%-

toriepsa
EPDM-1 22,1 0,682 0,006 0,017 2,4 0,062 0,174 25,4 11
EPDM-2 33,9 0,580 0,018 0,052 8,9 0,042 0117 20,2 12
[IR-1 55,5 0,578 0,014 0,039 6,8 0,045 0,126 21,7 13
IIR-2 52,1 0,639 0,012 0,035 5,4 0,040 0,113 11,7 11

Sy is the within-laboratory standard deviation (in measurement units).

r isthe repeatability (in measurement units).

(r) is the repeatability (in per cent of mean level).

SR is the between-laboratory standard deviation (for total between-laboratory variation in measurement units).
R isthe reproducibility (in measurement units).

(R) is the reproducibility (in per cent of mean level).

a  Number of laboratories in the revised database after option one deletion.

8 © IS0 2017 - All rights reserved
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Table A.2 (continued)

ML MSR
Within laboratories Between laboratories Num-
Polymer | Mean | Mean ber of
level level S, r r Sr R (R) labora-
toriesa
EPDM-3 64,5 0,484 0,008 0,022 4,5 0,024 0,069 14,2 11
EPDM-4 62,8 0,687 0,005 0,015 2,1 0,041 0,115 16,8 9
EPDM-5 80,2 0,440 0,005 0,014 3,0 0,024 0,068 15,4 11
EPDM-8 74,8 0,875 0,013 0,037 4,2 0,068 0,192 219 10

Sr |is the within-laboratory standard deviation (in measurement units).
r |is the repeatability (in measurement units).

(r)|is the repeatability (in per cent of mean level).

Sr |is the between-laboratory standard deviation (for total between-laboratory variation in.measurement unitg).
R |is the reproducibility (in measurement units).

(R)is the reproducibility (in per cent of mean level).

a | Number of laboratories in the revised database after option one deletion.

Table A.3 — Type 1: Precision for Mooney stress-relaxation rate — Precision values sorted for
each category — By mean stress-relaxation rate (Evaluation 2012)

ML MSR

Within laboratories Between laboratories Num-

Pglymer | Mean | Mean ber of

level level S, r @] Sr R (R) labora-

toriesa
EPDM-1 22,0 0,676 0,007 0,019 2,8 0,061 0,172 25,4 6
EPDM-2 34,0 0,574 0,007 0,018 3,2 0,041 0,115 20,0 6
IIR-1 55,7 0,560 0,004 0,010 1,9 0,028 0,079 14,0 6
1IR-2 52,0 0,636 0,008 0,023 3,6 0,036 0,100 15,6 6
EPDM-3 64,5 0,484 0,005 0,013 2,8 0,032 0,088 18,3 6
EPDM-4 62,9 0,702 0,003 0,009 1,3 0,038 0,105 15,0 5
EPDM-5 80,3 0,440 0,002 0,007 1,5 0,028 0,078 17,7 6
EPDM-8 74,8 0,877 0,015 0,043 49 0,054 0,153 17,4 6

NOTE Precision data’calculated on original data from participants.
Sr |is the withinylaboratory standard deviation (in measurement units).
r |is thegxepeatability (in measurement units).

(r)|istherrepeatability (in per cent of mean level).

Sp TSThe between-Taboratory standard deviation (for total DetWeen-laboratory vartation in Measurenent units).
R isthe reproducibility (in measurement units).

(R) is the reproducibility (in per cent of mean level).

a  Number of laboratories in the revised database after option one deletion.
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ISO/TS 289-4:2017(E)

Table A.4 — Type 1: Precision for Mooney stress-relaxation rate — Precision values sorted for
each category — By mean stress-relaxation rate (Evaluation 2012)

ML MSR
Within laboratories Between laboratories Num-

Polymer | Mean | Mean ber of

level level S, r @) Sgr R (R) labora-

toriesa
EPDM-1 22,0 0,680 0,029 0,080 11,8 0,050 0,139 20,5 7
EPDM-2 34,0 0,583 0,013 0,037 6,4 0,030 0,083 14,3 7
[IR-1 55,7 0,556 0,004 0,010 1,8 0,014 0,040 7,2 6
IIR-2 52,0 0,614 0,008 0,021 3,5 0,014 0,038 6,2 6
EPDM-3 64,5 0,491 0,013 0,037 7,5 0,015 0,042 8,6 6
EPDM-4 62,9 0,702 0,010 0,029 4,1 0,033 0,092 132 7
EPDM-5 80,3 0,449 0,004 0,010 2,3 0,018 0,051 11,3 6
EPDM-8 74,8 0,887 0,017 0,047 5,3 0,042 0,118 13,2 7

NOTE Predision data based on participants’ raw data (manual recalculation).

Sy is the within-laboratory standard deviation (in measurement units).

r isthe repeatability (in measurement units).

(r) is the repeatability (in per cent of mean level).

Sr is the befween-laboratory standard deviation (for total between-laboratory variation in measurement units).
R isthe reproducibility (in measurement units).

(R) is the reproducibility (in per cent of mean level).

a  Numbef of laboratories in the revised database after option one\deletion.
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