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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 document 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).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC  61, Plastics, Subcommittee SC  5, Physical-
chemical properties.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Conventional thermoanalytical methods for the characterisation of reaction kinetics, such as those 
described in ISO  11357-7, ISO  11358-2[1] or ISO  11358-3[2], are applicable only for constant values of the 
activation energy. Furthermore, a reaction model has to be assumed. In case of, for example, competing or 
side reactions, the assumption of a constant activation energy is not applicable. Furthermore, the description 
of a chemical reaction can also include processes, such as diffusion or evaporation.

Another method is specified in IEC/TS 60216-7-1[3] in which the thermal endurance of electric insulating 
materials is predicted based on thermal analysis methods for the evaluation of the activation energy and a 
lifetime test. However, this method is limited to ageing reactions where one single reaction is predominant.

To cope with these fundamental limitations, model-free kinetics have been proposed. Instead of a reaction 
model and a constant activation energy, it makes use of an activation energy which depends on the extent 
of conversion. This conversion-dependent activation energy is not an activation energy in the traditional 
sense but rather an apparent activation energy describing the chemical reaction(s) as well as any transport 
processes. This approach is based on the isoconversional principle which assumes that the reaction rate at a 
certain conversion depends only on the temperature[4][5][6]. For the temperature dependence of the reaction 
rate the Arrhenius approach can be applied. Thus, the activation energy as a function of the conversion can 
be calculated from several DSC or TGA measurements of a reaction done at different temperature programs. 
The determination of the apparent activation energy as a function of the conversion is sufficient to make 
predictions, i.e. there is no need for an explicit reaction model[6].

More advanced methods of the model-free kinetics approach can be applied to any temperature program, i.e. 
constant scan rate, isothermal or arbitrary temperature variation measurements[4][8][9].

However, model-free kinetics is not an all-purpose tool. Misleading results can be obtained especially for 
more complex reactions. In this case, the results and in particular the predictions should be checked for 
plausibility and verified.
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