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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
electrotechnical standardization.

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

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
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 convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformitylassessment,|ds) well?asjinformation aboit\[SO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 45, Rubber and rubber products,
Subcommittee SC 2, Testing and analysis.

This first edition of ISO 6502-1 cancels and'replaces thé fourth) edition of ISO 6502:2016, which has
been technically revised to keep consistency within the ISO 6502 series.

Alist of all parts in the ISO 6502 series can be found on the ISO website.

iv © ISO 2018 - All rights reserved
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Introduction

An International Standard specifying requirements for the use of oscillating disc curemeters was
established in 1977 as ISO 3417, Rubber — Measurement of vulcanization characteristics with the
oscillating disc curemeter. Later, when various rotorless curemeters were developed and became popular,
an International standard for these instruments was produced as ISO 6502, Rubber — Measurement of
cure characteristics with rotorless curemeters. However, because of the variety of available instruments
that differed in geometry and construction, ISO 6502 was not able to specify such requirements in
detail. In 1999, it became clear that a number of different rotorless curemeters were available and that
significant developments had taken place and were continuing. Hence, it was concluded that, rather
than specify individual rotorless instruments, possibly restricting future developments, a more general
document was required. Accordingly, it was decided to provide guidance and assistance in the design
and use of curemeters generally, and the title of ISO 6502 was changed to Rubber — Guide to the use of
curemeters. As the use of rotorless curemeters has become more mature, it has now been decided to
revise the Guide as Rubber — Measurement of vulcanization characteristics using curemeters — Part
1: Introduction, with subsequent parts for oscillating disc curemeters and rotorless curemeters.

© ISO 2018 - All rights reserved v
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INTERNATIONAL STANDARD ISO 6502-1:2018(E)

Rubber — Measurement of vulcanization characteristics
using curemeters —

Part 1:
Introduction

WARNING 1 — Persons using this document should be familiar with normal laboratory practice.
This document 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
determine the applicability of any other restrictions.

WARNING 2 — Certain procedures specified in this document might involve the use or generation
of substances, or the generation of waste, that could constitute a local environmental hazard.
Reference should be made to appropriate documentation on safe handling and disposal after use.

1 Scope

This document provides an introduction to the determination of vulcanization characteristics of rubber
compounds by means oficuremeters.

2 Normative references

The following documents are referred todn,the textsin such a way that some or all of their content
constitutes requirements.ofithis.document: Kor dated-references,.onlysthe edition cited applies. For
undated references, the latest editignjof the referenceddocument (including any amendments) applies.

ISO 1382, Rubber — Vocabulary

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 1382 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

31

oscillating-disc curemeter

oDC

curemeter consisting of a biconical disc oscillated within a temperature-controlled die cavity containing
the test piece

Note 1 to entry: An oscillating-disc curemeter is also known as an oscillating disc rheometer (ODR).

3.2

rotorless curemeter

RCM

curemeter consisting of two dies forming a temperature-controlled cavity, one of which is moved
relative to the other to apply a stress or strain to the test piece

Note 1 to entry: A rotorless curemeter is also known as a moving die rheometer (MDR).

© ISO 2018 - All rights reserved 1
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3.3

marching-modulus cure

type of vulcanization during which the modulus does not reach a maximum value but, after a rapid rise,
continues to rise slowly at the vulcanization temperature

3.4
vulcanization characteristics
characteristics which can be taken from a vulcanization curve

Note 1 to entry: See Figure 1.
Note 2 to entry: More explanations are given in Clause 4.

3.5
stiffness
measure of the resistance offered by rubber to deformation

Note 1 to entry: Force and torque have not been defined since they have a generally accepted scientific meaning.

4 Basic principles

The properties of a rubber compound change during the course of vulcanization, and the vulcanization
characteristics can be determined by measuring properties as a function of time and temperature.
Vulcanization characteristics are most commonly determined using instruments known as curemeters
in which a cyclic stress or strain-is applied to,a test piece-and the associated strain or force is measured.
Normally, the test is carried out ata’predetermined constant temperature and the measure of stiffness
recorded continuously as a function of time.

The stiffness of the rubber increases as vulcanization proceeds. Vulcanization is complete when the
recorded stiffness rises to a plateau value or to amaximunvand then declines (see Figure 1). In the latter
case, the decrease in stiffnessis-caused by reversion.In caseswhere the recorded stiffness continues to
rise (marching-modulus cure), vulcanization/is deemed to-be complete after a specified time. The time
required to obtain a vulcanization curve is a function of the test temperature and the characteristics
of the rubber compound. Curves analogous to Figure 1 are obtained for a curemeter in which strain is
measured.

Direct proportionality between torque and stiffness cannot be expected under all conditions and all
instruments because, particularly at in high torque ranges, elastic deformation of the disc shaft and
driving device has to be taken into account, Moreover, in cases of small amplitudes of deformation, the
strain can be expected to have a considerable elastic component. However, for routine control purposes,
corrections are not necessary.

The following vulcanization characteristics can be taken from the measure of stiffness against time
curve (see Figure 1).

Minimum force or torque Fy, or Mj,
Force or torque at a specified time ¢t Fyor My
Scorch time (time to incipient cure) tsx

Time to a percentage y of full cure from minimum force or torque t'c(y)
Plateau force or torque Fyf or MyFf
Maximum force or torque (reverting cure) FHR or MyR
Force or torque value attained after a specified time (marching-modulus cure) Fy or My

2 © ISO 2018 - All rights reserved
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The minimum force or torque Fy, or M, characterizes the stiffness of the unvulcanized compound at the
curing temperature.

The scorch time (time to incipient cure) tsx is a measure of the processing safety of the compound.

The time t'¢(y) and the corresponding forces or torques give information on the progress of cure. The
optimum cure is often taken as t'c(90).

The highest force or torque is a measure of the stiffness of the vulcanized rubber at the curing
temperature.

NOTE The term F denotes force and the term M denotes torque.

The scorch time tsx is the time required for the force or torque to increase by x units from Fp,. It might be
convenient to define the scorch as a given percentage, e.g. 2 % or 5 %, of the total cure.

The time to a percentage of full cure from minimum force, t'c(y), is the time taken for the force (or
torque) to reach:

Fi,+0,01y(Fyp —Fy) (1)

or

My, +0,01y(Myp —M; ) (2)

— t'¢(10) is a measure of'the early stages'of.cure.
— t'¢(50) can be determined accurately'providing thé slope of the curve is greatest at this point.
— t'¢(90) is often used as an indicator of optimum press cure.

The cure rate index'is'the average slope ‘of‘the rising curveand is given by:

100/ £, (¥)~ts | 3)

© ISO 2018 - All rights reserved 3
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a) Vulcanization curve F or M = f(t)
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b)Method, of evaluation

Key

1 sinusoidal curve

2 envelope curve

3 vulcanization curve with steady increase to-Fg-or-Mg-attime te at end of test (marching-modulus cure)
4  vulcanization curve with plateau at Fyr.or Myp, (plateau cure)

5 vulcanization curve with maximum FyR or MyR at time tax (reverting cure)

Figure 1 — Typical vulcanization curve and method of evaluation

5 Types of curemeter

Three types of curemeters have found widespread use:

— oscillating-disc;

— reciprocating-paddle;

— rotorless.

Other geometries are possible, for example with a vibrating probe or needle.

The reciprocating-paddle type was popular, but is now more or less obsolete and is not considered
further in this document.

The oscillating-disc curemeter consists of a biconical disc that oscillates in a closed cavity. It was for
many years the most widely used type of instrument.

In rotorless curemeters, one half of a die enclosing the test piece, rather than a disc within the test piece,
oscillates or reciprocates. The rotorless type of curemeter has increased greatly in popularity, largely
because of its advantages of the specified temperature being reached in a shorter time after insertion
of the test piece into the die cavity and better temperature distribution in the test piece (see Annex A).

© IS0 2018 - All rights reserved 5
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