INTERNATIONAL ISO
STANDARD 11358-2

Second edition
2014-06-15

Plastics — Thermogravimetry (I‘G) of

polymers —

Part 2:
Determination of activation energy

Plastiques — Thermograyimétrie (TG) des polymeres —

Partie 2: Déterminationde l'énergie d’activation

-_— Reference number
=/ N— ISO 11358-2:2014(E)

© IS0 2014


https://standardsiso.com/api/?name=af0d31548f6c66c736b438f6c781dd55

ISO 11358-2:2014(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2014
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested 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 + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=af0d31548f6c66c736b438f6c781dd55

1ISO 11358-2:2014(E)

Contents

Foreword

1

2

3

4

5

6 Mass and temperature Calibration ... Sy
6.1 1LY E= T30 111 o) =L U0 o OSSOSO (5 = S
6.2  Temperature calibDration ... e e

7 TESE SPECIIMEINS.......oooccc et Y e

8 PIOCEAUI ... sssssssssss s oo
8.1 General
8.2 NON-0XidatiVe FEACLIONS ..o Kt e
8.3 OXIdAtIVE TEACTIONS ..o R oo

9 EXPression Of F@SULLS ... S
9.1 Graphical presentation.............nn
9.2 Determination of activation energy

10 PIECISTON ..ot oo

11 TESETEPOTT ... B e

BIDJEOZTAPIY . ....oocce g et

© IS0 2014 - All rights reserved

iii


https://standardsiso.com/api/?name=af0d31548f6c66c736b438f6c781dd55

ISO 11358-2:2014(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.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Part 3: Determination of the activation energy using the Ozawa-Friedman plot and analysis of the
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Pl

astics — Thermogravimetry (TG) of polymers —

Part 2:
Determination of activation energy

1 [Scope
Thip part of ISO 11358 specifies a method for the determination of the activationenergy, F,, in the
Arrhenius formula for the decomposition of polymers using a thermogravimetric technique. The method
is applicable only if the reaction proceeds by a single mechanism. It is applicable tosmultistage reactions
if they consist of clearly separated single-stage steps.
2 |Normative references
The following documents, in whole or in part, are normatively referenced in this documgnt and are
ind{spensable for its application. For dated references, only the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced document (ineluding any amendments) applids.
1SO|11358-1, Plastics — Thermogravimetry (TG) of polymers— Part 1: General principles
3 |Terms and definitions
For|the purposes of this document, the terms\and definitions given in ISO 11358-1 and thg¢ following
apply.
3.1
Arrhenius formula
formula representing the temperature dependence of the rate constant of a reaction
Note¢ 1 to entry: The rate constant, k, of a reaction is expressed by the Arrhenius formula, as follows:

k = Aexp(_Ea/RT)
where

R istle)gas constant (= 8,314 ] - K-1 - mol-1);

T Ais the absolute temperature, in kelvins (K);

3.2

A isthe pre-exponentiat factor, i reciprocat secomds 513;
E, isthe activation energy, in ] - mol-1;

k  isthe rate of reaction (= da/dt), in reciprocal seconds (s-1).

activation energy

Eq

energy, above that of the ground state, which must be added to an atomic or a molecular system to allow
a particular process to take place

Note 1 to entry: It is expressed in ] - mol-1,

© IS0 2014 - All rights reserved
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3.3

degree of conversion

a

quantity of products present at a particular time and temperature during a reaction compared with the
final quantity of the products

Note 1 to entry: It is given by the formula

a=(M;

~M.)/(M;—Mg)

where
M is
Mt is

Ms in

Note 2 to en

the initial quantity, in milligrams;
the quantity at a particular time and temperature, in milligrams;

the final quantity, in milligrams.

Lry: When multistage reactions occur, the degree of conversion is calculatedseparately for each st

Note 3 to enftry: The degree of conversion is dimensionless and varies in value front 0 to 1.

4 Prin

tli‘ple
Test specimens are heated at several different heating rates, and the change in mass measured

function off
foreach he
the recipra
straight lin
5 Appa

See ISO 11

6 Mass

6.1 Mas
See ISO 11

temperature. The temperatures corresponding togiven degrees of conversion are determ
hting rate. For a given degree of conversion, thelogarithm of the heating rate is plotted ag
cal of the absolute temperature, and the activation energy is calculated from the slope of]
e thus obtained.

ratus

858-1.

and temperature-calibration

5 calibration

858-1.

6.2 Te
SeelISO 1

alﬁlst

age.
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the

nlperature calibration
18581

7 Test specimens

The 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
ISO 11358-1). Particles of small size, i.e. of high surface-area-to-volume ratio, are preferred. Grinding in
a liquid-nitrogen mill can be used to decrease the particle size.
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8

8.1

See

1ISO 11358-2:2014(E)

Procedure

General

[SO 11358-1.

Perform the procedure at three or more heating rates, using specimens of identical mass (1 %). The
lowest and highest heating rates shall differ by a factor of at least 5.

In order to improve the accuracy of the determination, record the mass of an empty crucible subjected to

the

same test conditions of qunchhnrn gas flow and hpahno rate asusedin the run with the specimen.

If there is a mass change during the run with the empty crucible (which is usually ascribed te
subfract the curve obtained with the empty crucible from that obtained with the test specime
a cdrrected thermogravimetric curve for the specimen. This procedure shall be repeated for
ratgs. Corrected curves shall be used for the analysis of the results.

NOTE Itis preferable to use specimens less than 10 mg in size and heating rates ©ofjleéss than 10 K

spe

imens greater than 10 mg and heating rates greater than 10 K - min-1, the specimen temperatu

follgw the required temperature profile.

8.2
Wh

Non-oxidative reactions

en required, an inert-gas atmosphere (e.g. nitrogen) shalldbe’maintained during the det

to grevent oxidation of the specimen. Only purified gas (pufity at least 99,95 %) shall be usq

the

8.3

An
rea

9

9.1

Pre
ver
des

9.2

inert atmosphere.

Oxidative reactions
xidative gas atmosphere (oxygen or air) shallbe used when testing polymers that underg

Ctions. Details of the type and purity of the"gas used shall be included in the test report.

Expression of results

Graphical presentation

Kent the thermogravimetr'y data obtained in the form of a mass change or percentage m
bus temperature curve! Determine specific temperatures from the TG curve using the |
cribed in ISO 11358+1.

Determination of activation energy

Check thatthe final mass reached at the end of each measurement run is constant, thereby
conppletiai of the reaction, and that the percentage change in mass from the start of the run

oft

buoyancy),
n to obtain
all heating

-min-1, For
e might not

brmination
d to create

b oxidation

ass change
brocedures

indicating
to the end

hérun for each of the heating rates is also the same.

For a given degree of conversion, @, determine, from the TG curves, the absolute temperatures for each
of the heating rates, 5. Repeat for other degrees of conversion. Typical curves are shown in Figure 1.
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NOTE2 1
and/or the |

- Determination of absolute temperature for a given degree of conversion and-heat
rate

fimate relationship given by Formula (1) was derived by Ozawa and later by Flynn and \
nces [1] and [2] in the Bibliography) and is used to determine the activation energy, E,.

0,456 7(E, / RT )= constant

nd R are the activation energy and the gas constant (R = 8,314 */K-1 - mol-1), respectivelj

F rates 1, 52, B3, .., and temperatures T1, T2, T3, ..., Formudla(2) is obtained for a given deg

10,456 7(E, / RT; ) =log 8, +0,456 7(E, / RT,) =logB; +0,456 7(E, / RT;)

e logarithm of the heating rate, logf, againstthe reciprocal of the absolute temperature,

is calculated from the slope (-0,456 7E4/R) in each case.
'his method is not suitable for very high degrees of conversion.

'his method is not reliable whenithe value of E; varies widely from one degree of conversion to ano
pg versus T-1 relationship jssnot linear.
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Figure 2 — Heating rate versus the reciprocal of the absolute temperature

sion

See Reference [3] in the Bibliography.
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11 Test report

The test report shall include the following information:

a) areference to this part of ISO 11358, i.e. ISO 11358-2:2014;

b) all details necessary for complete identification of the material analysed;
c) the form and dimensions (if applicable) of the test specimen;

d) the mass of the test specimen;

e) |details of the conditioning of the specimen prior to the test;

f) |the specimen crucible size and material of construction;

g) |the atmosphere and gas-flow rate used;

h) |the heating rates used;

i) |the standard reference material used for temperature calibration;
j) |the activation energy determined using the formula in Note 1 té.entry in 3.1 or Formula|(1);
k) |any observations regarding equipment, test conditions, opté&st specimen behaviour;

1) |the date of the determination.
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