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Foreword 

ISO (the International Organizati 
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 lia ison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (!EC) on all matters of 
electrotechnical standardization. 

The procedu陀s 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 appro时al criter ia needed for the 
different types of ISO documents sho咽Id be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 [see u川NW i<n nrg /<l i rρ俨tiVP<). 

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 pat理nt 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 i <n 。rg/p~ tPnt<).

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

For an e证planation of the voluntary nature of standards, the meaning of ISO specific terms and 
以pressions related to conformity assessment, as w哩ll as information about ISO's adherence to the 
World Trade Organization (WTO] principles in the 刊chnical Barriers to Trade (TBη， see www.iso orr! I 
irn/foreword html. 

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

This second edition cancels and replaces the first edition [ ISO 11358♂2013〕， which has been 
technica lly revised. 

The changes compared to the previous edition are as follows: 

the term "conversion” has been deleted; 

a corresponding reference to ISO 11358-2 has been added in C.总且且豆豆－

details of the gas atmosphere in .8..1 and .8..2 have been clarified. 

A list of all parts in the ISO 11358 series can be found on the ISO website. 

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 i<o on> Imρmhρr< html. 
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The Ozawa-Friedman plot ( logarithm of the rate of mass loss versus the reciprocal of absolute 
temperature at a given mass loss) is a deri飞1ative method that can be applied to data obtained by any 
mode of temperature change in thermal analysis; e.g. isothermal, constant heating rate, sample­
controlled thermal analysis, temperature jump, and repeated temperature scanning. 

If controlled rate thermogravimetry [CRTG) is used to study the decomposition of polymers, the Ozawa· 
Friedman method is typically applied to the analysis of data obtained by CRTG and also to that obtained 
by the combined use of isothermal thermogravimetry (iso-TG) with conventional linear heating rate 
thermogravimetry (LHTG), i. e. using a constant heating rate. 

。ISO 2021 - All rights reserved v 
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Plastics - Thermogravimetry (TG) of polymers -

Part 3: 
Determination of the activation energy using the Ozawa­
Friedman plot and analysis of the reaction kinetics 

1 Scope 

This document specifies an analysis method for determining the activation energy using the Ozawa­
Friedman plot. It also specifies the preparation of master plots for verification of the reaction kinetics 
determined by thermogravimet ry. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edit i 

ISO 11358-1, Plastics - Thermogravimetry (TC) of polymers - Part 1: General principles 

ISO 11358-2, Plastics - Thermogravimetry (TC) of polymers - Part 2: Determination of activation energy 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 11358-1, ISO 11358-2 and the 
following apply. 

ISO and IEC mainta in terminological databases for use in standardization at the following add1 esses: 

ISO Online browsing plat form: available at以tp.s.;//www iso om Lcll.il 

IEC Electropedia: available at httn://wwwel肘troni:>dia orP I 
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t gen =[ex忡｝t
where 

£0 is the activation energy, expressed in kJ/mol; 

R is the gas constant, expressed as 8,314 J/(mol K); 

T is the absolute temperat ure, expressed in Kelvin; 

t is time, expressed in minutes. 

。ISO 2021 - All rights reserved 1 
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3.2 
generalized rate of conversion 
dC/dt且en

dC (En JdC 
-=ex口I －」」 I-

d与en · \ RT ) dt 

Note 1 to entry: For the definition of the degree of conversion, refer to ISO 11358-2. 

3.3 
自taster curve 
plot that can be used to evaluate the resu lts and investigate the reaction kinetics models 

EXAMPLE Conversion versus the generalized time, conversion versus the generalized rate of conversion, 
genera lized time versus the generalized rate of conversion 

4 Principle 

Test specimens are heated using any temperature profile and the change in mass is measured as 
a function of temperature and time. At a given conversion, the logarithm of the rate of conversion is 
plotted versus the reciprocal of the absolute temperature. and the activation energy is calculated from 
the slope of the straight line fit to the data thus obtained. 

At leas t two of the master curves enable verification of the reaction kinetics analysis. 

5 Apparatus 

The apparatus shall be in accordance with ISO 11358-1. 

6 Test specimens 

Test specimens shall be in the form of powder, pellets, flakes, filaments, or film. The test specimens 
shall be prepared by cutting the material, as necessary, to a size appropriate for the apparatus (see 
lSO 11358-1]

7 Mass and temperature calibration 

7.1 Mass calibration 

The procedure of mass calibration is given in ISO 11358-l. 

7.2 Temperature calibration 

The procedure of temperature calibration is given in lSO 11358-1. 

8 Procedure 

8.1 General 

The determination of the rate of conversion dC/dt is necessary for the analysis in this document. The 
rate of conversion versus absolute temperature shall be determined. 

See ISO 11358-1 and ISO 11358-2. 

Perform tests using either an isothermal run, constant rate heating, sample mass controlled rate 
thermal analysis, temperature jump, repeated temperature scanning, or any combination of the above, 

2 ©ISO 2021 ” All righ阳reserved
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using specimens of similar mass (±1 %). For examples of linear heating rate thermogravimetry (LHTG]
and sample mass controlled rate thermogravimetry [CRTG), see £i弘皿豆.l a〕 and已部且豆.1b), respectively. 
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a) Example of linear heating rate thermogravimetry (LHTG) measurements of PMMA 
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b) Example of sample mass controlled rate thermogravimetry (CRTG) measurements of PMMA 
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Key 
X t/min 
Yl (1 -C) 

Y2 T/K 

NOTE The units of%/min indicate the percentage weight loss per minute of the mass controlled rate. 

Figure 1-Examples of linear heating rate thermogravimetry (LHTG} measurements and 
sample mass controlled rate t hermogravimetry (CRTG} measurements of PMMA 

Preferably, the specimen mass should be between 1 mg and 10 mg and the temperature scanning rate 
between 2 K min-1 and 10 K min-1. 

Determine the rate of conversion (or rate of change of mass loss fraction with time) at a given conversion 
(or given mass loss fraction}. 

8.2 Non-oxidative reactions 

The inert gas atmosphere shall be in accordance with ISO 11358-2. 

8.3 Oxidative reactions 

The oxidative gas atmosphere shall be in accordance with ISO 11358-2. 

9 Expression of results 

9.1 Graphical presentation 

For a given conversion (or mass loss fraction], present the thermogravimetry data in the form of a plot 
of the logarithm of the rate of conversion (or rate of change of mass loss fraction with time) versus the 
reciprocal of the absolute temperatur飞叫，the Ozawa-Friedman plot, see 已斟丘阜2

9.2 Dete口nination of activation energy 

The conversion [or the mass loss fraction) is not directly related to the quantity of reacted pieces, for 
example as in the random scission of the main chain of polymers, but the conversion, C, of a reacting 
material is expressed as a function oft he fraction of a structural quantity, such as a group, a constituent, 
a broken bond, etc .. which is represented by a fll. 

4 ©ISO 2021 ” All righ阳reserved
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