INTERNATIONAL
STANDARD 1

ISO
3145

First edition
2012-09-15

Rubber — Determination 'ef viscosity

and stress relaxation using a rof
sealed shear rheometer

Caoutchouc — Détermination de ld viscosité et de la relax
contrainte au moyen d’'un rhéometre a cisaillement sans r1

orless

ntion de
btor étanche

-_— Reference number
=) — 1SO 13145:2012(E)

©1S0 2012


https://standardsiso.com/api/?name=2ab8d9b84375fc995600c520e6a42f84

ISO 13145:2012(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2012

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any
means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the
address below or ISO’s member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. + 41 22 749 01 11

Fax + 4122 749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2012 - All rights reserved


https://standardsiso.com/api/?name=2ab8d9b84375fc995600c520e6a42f84

ISO 13145:2012(E)

Contents
FOTE@WOIM .........oooooooeee oot
IIETOAUCEION........cco st
L SCOPI e
2 NOIMALIVE TEEEIEIICES ..........c.coooooooooeesee s
3 Terms and definitiOns ...
4 PrINCIPLE ...
5 APPATARUS......occcoeee st \Q,

5.1 (073 0 T=Y - S Qo

5.2 )

5.3

5.4

5.5

5.6
8
9
10

10.1 Examples of reporting

10.2 Basic expression of res

10.3 Additional results%...’. ..............

10.4 Stress relaxation@ t results
11 Precision........ =, g) ..........................................................................................................................................................
12 Test report.........\% ......................................................................................................................................................................
Ann¢x A (normati@ alibration schedule ...
Annex B (informative) PreciSion data ...
Bibli

© IS0 2012 - All rights reserved

iii


https://standardsiso.com/api/?name=2ab8d9b84375fc995600c520e6a42f84

ISO 13145:2012(E)

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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Introduction

The rheological properties of rubbers are related to their structural characteristics and will influence
the behaviour of the rubber during processing and the performance of the final product.

For these reasons, the industrial environment requires instruments that can quickly and easily evaluate

ther

heological properties.

As a consequence, this standard test method was formulated using a rotorless sealed shear rheometer
for rheological evaluation under defined conditions.

This
rubb
have
repe

This

test could be an alternative to the Mooney viscometer, still used as standard in many
er industry to measure Mooney viscosity (in accordance with ISO 289-1). The define

htability level.

new test procedure should be performed over a short time and preferably’in the autom

optirize test efficiency.

parts of the
1 conditions

been selected to provide a shear rate range similar to that used for Mooney viscesity and a good

atic mode to
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INTERNATIONAL STANDARD ISO 13145:2012(E)

Rubber — Determination of viscosity and stress relaxation
using a rotorless sealed shear rheometer

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

1 $cope

This|International Standard describes a method for the determination of the,viscosity and stress
relaxation of raw or compounded rubber under specified conditions.

The yiscosity determination consists of a constant strain, temperature arndfrequency test jn which the
elastfic and the loss components of the complex shear modulus can be determined.

The dletermination of stress relaxation consists of a constant static strain and temperature est in which
the tprque decrease can be determined.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
referjences, only the edition cited applies. For undated references, the latest edition of th¢ referenced
document (including any amendments) applies.

ISO 1382, Rubber — Vocabulary
ISO 18899:2004, Rubber — Guide to thecalibration of test equipment

3 Terms and definitions
For the purpose of this document, the terms and definitions given in ISO 1382 and the following apply.

3.1
rotorless sealed shear rheometer
devige consisting'oftwo dies forming a temperature-controlled cavity, one of which is moved relative to
the gther to apply a stress or strain to the test piece

3.2
sinuseidal strain

140
strain produced by the oscillation of the die constituting the test cavity

NOTE Itis given by the expression y(t) = yosin(wt), where y¢ is the maximum amplitude of the applied strain.

3.3

loss angle

6

phase angle between the stress and the strain

NOTE This is a measure of the presence and extent of viscous behaviour in a material. For viscoelastic
materials, the phase angle can assume a value between 0° and 90°. 90° is an ideal Newtonian liquid.

© IS0 2012 - All rights reserved 1
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complex torque

S*

torque measured by the machine due to application of sinusoidal strain

NOTE
3.5

S

The complex torque is a vector which can be represented by a complex number, viz $*=5"+iS".

elastic torque

component of torque that is in phase with the imposed sinusoidal strain

NOTE It
3.6

loss torque
S”
component
NOTE It
3.7
complex sh
G*

is given by the equation S’ = |S*|cosé.

bf torque that is in quadrature with the imposed sinusoidal strain

is given by the equation S” = |[S*|sind.

ear modulus

ratio of the[shear stress to the shear strain, where each is a vector which can be represented|by a
complex nuinber

NOTE 1 Itfs given by the equation G*= G’ +iG”.

NOTE 2  The complex shear modulus is determined by dividing the complex torque S* by the applied straip and
multiplying Hy a geometric factor related to the cavity shape.

3.8

elastic shegr modulus

G’

component pf the applied shear stress that is in phase with the shear strain, divided by the strain

NOTE Itlis given by the equation G/=}G*|cosd.

39

loss shear modulus

GII

component ¢f the appliedshear stress which is in quadrature with the shear strain, divided by the sgrain
NOTE Itlis given by.the equation G” = |G*|sind.

3.10

tangent of theloss angle

tand

ratio of the loss modulus to the elastic modulus

4 Principle

The torque generated in a test piece contained in a heated sealed cavity formed by two dies, one of which
can be oscillated through a small amplitude, is measured.

© ISO 2012 - All rights reserved
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5 Apparatus

5.1 General

A rotorless sealed shear rheometer consists of two dies that are heated and closed, under a specified
force, to form a sealed test cavity that contains the test piece. One of the dies oscillates, and a measuring
system records the torque required to produce the relative movement. The elastic torque S’ and the
loss torque S” produced in a test piece by the strain due to the oscillation of the die can be measured at

specified conditions of temperature, frequency and amplitude.

The general arrangement of a rotorless sealed shear rheometer is shown in Figure 1, inclu

ding typical

machine dimensions.

5.2 | Die cavity

The dlies shall be manufactured from a stiff material. The surface of the dies shalkbe treated
the ¢
enough to prevent wear. A minimum Rockwell hardness of 50 HRC, or eqdivalent, is recomr
tolerpnces necessary on the dimensions of the dies depend on the particular design, but
guide the dimensions of the cavity should be controlled to 0,2 %.

The
prev

fop and bottom surfaces of the cavity shall have a patternof grooves of dimensions
bnt slippage of the rubber test piece.

Hole
posit

5 shall be provided in both the upper and lower dies-to accommodate temperature §
ions of the sensors relative to the cavity shall be céntrolled to ensure a reproducible r
A sedl of suitable low, constant friction shall be provided to prevent material leaking from t

Suitg
throt

ble means shall be employed, by design of the dies or otherwise, to apply pressure to t
ighout the test to minimize slippage between the disc and the rubber.

5.3 | Die closure

The dlies shall be closed and heldi€losed during the test by, for example, a pneumatic cylindg

The

recommended. The contactof the die cavity edges shall be such as to form a perfectly seale

5.4 | Movement

The foving paxtin a rotorless instrument is one of the dies. The dies are usually biconical
subsfantially“uniform shear rate, and this shape is useful to make the test piece loading an
stagg

s easi€er. The drive linkage shall be sufficiently stiff to prevent significant deformation|

to minimize

ffect of test piece contamination if protective or carrying film are net-“used and shall be hard

nended. The
As a general

sufficient to
ensors. The
psponse.

he cavity.

he test piece

LT

Closing force required depends on the clearance area; as a general guide, a minimuin of 7 kN is

d cavity.

Fo produce a
d unloading

cianal aceillatin g ymauamant
1 St

e cavity) by

A torsichal-eseillating-mevemen
means of a motor.

The frequency of oscillation can be varied according to the instrument specification,
International Standard a single frequency is selected.

but in this

The oscillation amplitude 8 may be varied according to the deformation required. The maximum

amplitude of the applied strain yg is calculated considering the oscillation angle used in the
die geometry (conical). It is given by the expression

Yo=0/¢p

where ¢ is the characteristic angle of the conical die.

© IS0 2012 - All rights reserved
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Generally, greater sensitivity can be obtained with larger amplitudes, but the amplitude that can be
used in practice is restricted by the possibility of slippage between the test piece and the die surface.

5.5 Heating and temperature control

The heating and temperature control system shall be capable of producing a reproducible and evenly
distributed temperature in the dies and shall permit fast and reproducible temperature recovery after
insertion of the test piece.

The temperature-measuring system shall enable the temperature to be measured to a resolution of
+0,1 °C over the range from 60 °C to 200 °C. The temperature controllers shall enable the temperature
of the dies tp be controlled to an accuracy of 0,3 °C in the steady state.

5.6 Torque-measuring system

A suitable transducer shall be provided which is capable of measuring the force ortorque with an
accuracy of 1 %.

A recorder ghall be provided to continuously monitor force or torque. It shall have a response tinje for
full-scale defflection equal to or below 1 s.

Dimensions in millimetres
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a) Measurement principle
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c) Test piece

Key

1 heater 7  torque-measuring system
2 lowerdie 8 testpiece

3  lower seal plate 9 seals

4  upper seal plate 10 oscillating-drive system

5 upperdie 11 grooves

6 temperature sensor

Figure 1 — Typical rotorless sealed shear rheometer with biconical-die structure

© IS0 2012 - All rights reserved
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6 Calibration

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

Calibration of rheometers shall be carried out in accordance with the manufacturer’s instructions. The
force or torque shall be determined at several points over the range(s) used but, additionally, it can be
useful to have provision to make in-use checks.

Stable rubber reference compounds can also be tested periodically to check for consistent performance.

7 Testp

ece

7.1 Preparation of the test piece

The test pie

The pertine
be used to d
(typically 13

Ce shall be homogeneous and, as far as possible, free from trapped air.

ht volume shall be determined by appropriate tests, and test pieces of\equal volume

0 % to 150 % larger) so that a small amount of material is extruded-between all edges

dies when they are closed.

This volumd

The test pie
of constant

For best rej
required vo

Conditionin

7.2 Protd

One or more

corresponds to 5 cm3 and 6 cm3 for the typical sealed rheometer shown in Figure 1.

yolume.

ume.

b the test piece at 23 °C £ 5 °C for a minimum of 3 h before testing is recommended.

ctive films

piece and t

T
Film introdfiction can be useful to avoid frequent cavity cleaning, since material remaining in the die

cavity can i
automatic n
be loaded af

The film selected shallinot react with the test pieces. However, the presence of films could affeg
50, if they.are used, their specification (material, maximum temperature of use, thick]

test results
stiffness) sh

NOTE M

dies.

hfluence the test results. Moreover, the use of film can allow tests to be performed i

1d unloaded automatically.

all bereported.

peatability, the mass of the test piece shall bexgcontrolled to within +0,5 g to obtail

layers of protective film (approximately 0,025 mm thick) may be inserted between thg

ode as the biconicalshape of the dies allows the films to slide, thus permitting test piec

htepials that have been found suitable include cellophane, polyester, nylon, high-density polyethj

shall

btain reproducible results. This volume shall be slightly larger tham the die cavity volume

fthe

fe shall be punched out by an appropriate device whichensures the production of test pjieces

h the

e test

h the
esto

t the
ness,

ylene

(at 100 °C on

y), plain, uncoated fabric, and similar materials.

8 Temperature

The temperature recommended for this test method is 100 °C. However, the temperature may be varied

as required

NOTE

within the specified range of the machine.

Too high a temperature can cause polymer degradation.

© ISO 2012 - All rights reserved
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9 Procedure

9.1

Testing sequence

The test method specified in this International Standard consists of three different steps applied in
sequence on the same test piece:

a) Preheat: 1 min at 100 °C with cavity closed and both dies stationary.

b) Time sweep at 100 °C: The lower die oscillates with a frequency of 0,1 Hz, applying a strain of
150 % for six oscillations in total.

A

(
q
q
]I

Diffe

9.2
The {

Any
mady

9.3

The ]
dies

Aftel
of th
allo

Londitioning and stress relaxation: The test piece is kept for 1 min at 100 °C W

gtationary (this conditioning is necessary for stress recovery after the time sweep).
gtrain of 150 % is applied and kept constant for 35 s. During this time, the decreasing tq

elaxation) is measured. If stress relaxation is not needed, the third stage may be omit{

rent temperatures may be considered for specific rubbers as agreed between the intere

Preparation for the test
emperature of both dies shall be brought to the test temperature with the cavity close

hecessary zeroing, and selection of the range of the for€e- or torque-measuring dev
e before loading the test piece.

Rheometer loading

oading of the test piece and the closure of thié dies shall be carried out as quickly as g
chall be closed immediately after insertien of the test piece.

removal of the tested piece, a further test piece may be inserted immediately if the t
b dies remains within +0,3 °C ofthe set value. If not, the dies shall be closed and the t
Fed to recover to the set value.

If fily

poly
be us
take

10

10.

layers between the tesf piece and the dies are not used, a deposit of material frof
er can build up on the\dies, which might affect the final torque values. A reference p
ed to detect this occurrence. If such contamination occurs, it shall be removed. Great
with cleaning, and’the manufacturer’s advice followed.

eporting.of results

Examples of reporting results

ith the dies
Then a step
rque (stress
ed.

sted parties.

d.

ice, shall be

ossible. The

emperature
emperature

n the tested
olymer may
tare shall be

fsignificant

figures (for the purpose of the examples the test piece 1dent1f1cat10n is “AABB” and all reported test
results are for reference only).

10.2 Basic expression of results

The elastic modulus G’at 150 % strain obtained by a time sweep test is the representative parameter to
evaluate the viscosity behaviour of rubber (see 3.8).

© ISO

2012 - All rights reserved


https://standardsiso.com/api/?name=2ab8d9b84375fc995600c520e6a42f84

ISO 13145:2012(E)

Table 1 — Example of viscosity test report

Material ID | Material type | Rheometer | Temperature | G’at150 % Lower film Upper film
code type
°C kPa
AABB Laboratory Biconical 100 20,00 PET PET
test piece Brand “A” 1 layer 1 layer
Brand “B” 0,025 mm 0,025 mm

10.3 Additional results

For a more cpmprehensive characterization, the loss component G” of the complex shear modulus and tand
may be repofted in addition to the elastic modulus G’at 150 % strain to characterize the viscousbehavyiour.
NOTE Mpre details of the methods of calculation of these properties and the precautions néeessary t¢ give
valid results pre given in ISO 4664-1
Table 2 — Advanced viscosity test report
Material | |Material | Rheometer | Temperature |G’at150 % G” at tané | Lower Upper
ID code type type 150 % film film
kPa
kPa
AABB l.aboratory | Biconical 100 20,00 20,00 1,000 PET PET
test piece Brand “A” 1 layer 113yer
Brand “B” 0,025 mm | 0,025 mm
10.4 Stresp relaxation test results
From stresd relaxation, the percent torque reduction (with respect to the maximum value) after(1,0 s
and 20,0 s may be reported for additional charaeterization of the rubber.
Table 3 — Stress relaxation test report
Material | Material | Rheometer. | Temperature |Torque reduc- Torque Lower |Upper film
ID code type type tion after 1s | reduction film
°C after 20 s
%
%
AABB Laboratory Biconical 100 80,0 90,0 PET PHT
test piece Brand “A” 1 layer 1 layer
Brand “B” 0,025 mm | 0,025(mm
The torque feduction at a different time may be reported, if required.

11 Precision

See Annex B.

12 Test report

The test report shall include the following information:

a) sample details:

1) afull description of the sample and its origin,

© ISO 2012 - All rights reserved
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2)

the method of preparation of the test piece from the sample;

b) test method:

1

a full reference to the test method used, i.e. the number of this International Standard;

c) testdetails:

1y
2)

the laboratory temperature,

the time and temperature of conditioning prior to the test,

k)
4)
$)

=l b= el b |
LIIT Ly lJC Ul TIITUITITLTIT USCU,
specification of any film layers used,

details of any procedures not specified in this International Standard;

d) f{estresults:

iy
4
3)

the number of test pieces tested,
the individual test results,

the mean results;

e) the date(s) of the test.

© IS0 2012 - All rights reserved
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Annex A
(normative)

Calibration schedule

A.1 Inspection

Before any (

inspection and recorded on any calibration report or certificate. It shall be reported whethercalibr

is carried oy

It shall be
parameters

calibrated. If such parameters are liable to change, then the need for periodic-¢checks shall be wi

into the det

A.2 Sche

Verification
the frequen
the individu

The calibraf]
in the test
to the main

For each parj
or to a prog
which is mo

The verificqtion frequency for each~parameter is given by a code-letter. The code-letters used i

calibration s

N inif
S st
U in

alibration is undertaken, the condition of the items to be calibrated shall be ascertaing

It in the “as-received” condition or after rectification of any abnormality or fatdt.

hscertained that the apparatus is generally fit for the intended purpose; including

hiled calibration procedures.

dule

calibration ofthe testapparatusisamandatory part ofthis International Standard. How
Cy of calibration and the procedures used are, unless*otherwise stated, at the discreti
al laboratory, using ISO 18899 for guidance.

ion schedule given in Table A.1 has been compiled by listing all of the parameters spec
hethod, together with the specified requirement. A parameter and requirement can 1
test apparatus, to part of that apparatug.or to an ancillary apparatus necessary for the

ameter, a calibration procedure is indicated by reference to ISO 18899, to another public
edure particular to the test method which is detailed (whenever a calibration proce

chedule are:
ial verification only;

dard intervalas advised in ISO 18899;

e specific or detailed than thatin ISO 18899 is available, it shall be used in preferencej).

ed by
htion

any

specified as approximate and for which the apparatus does not therefore need to be formally

itten

ever,
on of

ified
elate
test.

htion
dure

n the

10
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Table A.1 — Calibration frequency schedule

ISO 13145:2012(E)

. Subclause in Verification
Parameter Requirement I1SO 18899:2004 freqqency Notes
guide

Surface hardness of the dies >50 HRC 15.5 N
Dimensions of the dies +0,2 % 15.2 S

Die closing force >7kN 21.3 S
Oscillation frequency +0,1 Hz + 0,005 Hz 23.3 S
Temperature resolution +01°C 18 N
Temd)erature accuracy +0,3 °C 18 S
Temi?erature stability at Within +0,3 °C 18 S

steadly state

Preheat time and stress 1 min 18 S
recoyery time

Torqgpue transducer accuracy 1% 21.4 S

Timg response of recorder <1ls 14.6 S

Test piece volume 5cm3to 6 cm3 15.8 U

In addition to the items listed in Table A.1, use of the following is implied, all of which need calibrating

in actordance with ISO 18899:

— instruments for determining the dimensions of the'dies;

— 4 timer;

4 load cell for checking the die-closing force;

— 4n instrument for strain measurement;

— athermometer for monitoring theconditioning and test temperatures;

4 densimeter.
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