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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Raft 2.

The main [task of technical committees is to prepare International Standards. Draft Internati¢nal

Standards|adopted by the technical committees are circulated to the member bodies-for votling.

Publication as an International Standard requires approval by at least 75 % of the rhember boflies

casting a vpte.

Attention is drawn to the possibility that some of the elements of this document may be the subje¢t of

patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 11357{5 was prepared by Technical Committee ISO/TC 61, Plastics, Sibcommittee SC 5, Physjcal-

chemical properties.

This secongl edition cancels and replaces the first edition (ISO 11357-5:1999), which has been technidally

revised. Significant technical changes are the following:

— adaptipn of definition of characteristic temperatures and'¢hdo-/exothermic direction in accordgnce
with I$0 11357-1;

— revisidn of determination of results;

— revisidn of test report.

ISO 11357| consists of the following parts;yunder the general title Plastics — Differential scanping

calorimetry (DSC):

— Part 1:|General principles

— Part 2:|Determination of glass\transition temperature and glass transition step height

— Part 3:|Determination of.temperature and enthalpy of melting and crystallization

— Part 4 Determination-0f specific heat capacity

— Part 5] Determination of characteristic reaction-curve temperatures and times, enthalpy of reaction
and degree gf-tonversion

— Part6:|Determination of oxidation induction time (isothermal OIT) and oxidation induction temperature
(dynamic OIT)

— Part 7: Determination of crystallization kinetics

iv © ISO 2013 - All rights reserved
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Plastics — Differential scanning calorimetry (DSC) —

Part 5:

Determination of characteristic reaction-curve
temperatures and times, enthalpy of reaction and degree
offconversion

WARNING — Caution should be observed when working with materials which copld give a
runjaway reaction or exhibit other dangerous behaviour.

1 [Scope

Thip part of ISO 11357 specifies a method for the determination of reaetion temperatures|and times,
enthalpies of reaction, and degrees of conversion using differential scafining calorimetry (D$C).

—

Thg method applies to monomers, prepolymers, and polymers.in’ the solid or liquid state. Tlhe material
can|contain fillers and/or initiators in the solid or liquid state,

2 |Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
indispensable for its application. For dated réferences, only the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced*document (including any amendments) appligs.

wn

[SO|11357-1, Plastics — Differential scanning calorimetry (DSC) — Part 1: General principles

3 |Terms and definitions
For|the purposes of this document, the terms and definitions given in ISO 11357-1 and the following apply.

3.1
polymerization
profess of converting’a monomer or a mixture of monomers into a polymer

3.2
cropslinking
profess Gfinultiple intermolecular covalent or ionic bonding between polymer chains

3.3
degree of conversion

quantity of reacted product obtained during a reaction compared with the maximum possible quantity
of the product

Note 1 to entry: The degree of conversion will depend on both time and temperature.

4 Principle
The principle is specified in ISO 11357-1.

The test method described indicates the various stages of the reaction by means of DSC curves.

© IS0 2013 - All rights reserved 1
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5 Apparatus and materials

The appara

6 Tests

tus and materials are specified in ISO 11357-1.

pecimens

The test specimens are specified in SO 11357-1.

If not specified otherwise, use a mass of 5 mg to 20 mg and adjust the specimen mass if the thermal
effect is too high or too low.

7 Test ¢onditions and specimen conditioning

For polymg

For specim
the specim

Suitable co

8 Calib
The calibrg

9 Proce

9.1 Gen
The test m

tempe

isothe

9.2 Teny
The tempe

Carry out 3
whole of th

all tests which areintended to be comparative.

The final tg

bns releasing volatile components, it may be necessary to carry out conditioningand testing y
bn enclosed in a gas-tight specimen crucible which is resistant to high temperature and press

hditioning procedures shall be agreed between involved parties anddncluded in the testrep

ration

bral

rs, the test conditions and specimen conditioning are specified in ISO 11357-1.

tion is specified in ISO 11357-1.

dure

hy use one of two different methods, depending on what information is required:
fature-scanning method;

'mal method.

perature-scanning-method
Fature-scanning method is specified in ISO 11357-1.

\ temperatur@.scan, from ambient temperature to a temperature high enough to record
e reaction ‘peak, at a scan rate in the range 5 K/min to 20 K/min. Use the same scan rate

mperature shall be lower than the temperature corresponding to the onset of decomposif

vith
ure.

ort.

the
for

— e

on

of the poly

(nner.

A preliminary test can be useful in defining the decomposition temperature.

9.3

Isothermal method

9.3.1 General

The isothermal method can be carried out in two different ways once the specimen is loaded into the
DSC sample holder:

at constant temperature;

© ISO 2013 - All rights reserved
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— starting at ambient temperature and heating as quickly as possible to reach the constant

measurement temperature.

NOTE The choice of procedure will depend on the model of calorimeter used for the test. The m
temperature is selected on the basis of a trial run in the temperature-scanning mode. The temperature is intended
to be in the vicinity of the temperature at which the peak obtained in the scanning mode begins.

9.3.

a)

2 Constant-temperature method

Place the reference crucible in the calorimeter.

easurement

b)
c)
d)
e)
f)
g)
h)

NOT
intr

S>et the instrument to the desired measurement temperature.
Let the calorimeter stabilize at the selected temperature for 5 min.
Place the crucible containing the specimen in the calorimeter.

Record the DSC curve.

Place the crucible containing the specimen back in the calorimeter:

Record the DSC curve again (the second curve will be subtracted from the first to cort
calorimeter perturbation caused by the introduction of the crucible).

E When using this procedure, it is difficult to ensure that the manual operation by which th|
bduced into the calorimeter is carried out repeatedly for the determination and the blank run. A

to the state of the specimen can have occurred during theréaction. Subtraction of the two curves c{

intr
9.3

a)
b)

‘)
d)

e)

NO'I
Sub

bduce an error.

3 Procedure starting at ambient temperature

Increase the calorimeter temperature, at the highest possible rate, to the selected me
temperature.

Record the DSC curve.
Allow the calorimeter’to cool down to ambient temperature.

Repeat the process without removing the crucibles, and record the DSC curve again
curve will be-stbtracted from the first to correct for the calorimeter perturbation cau
rapid heatinig process).

E When using this procedure, changes to the state of the specimen can have occurred during {
raction of the two curves can therefore introduce an error.

Place both crucibles (reference and-specimen) in the calorimeter at ambient temperaturg.

Remove the crucible containing the specimen and let it cool down tg-ambient temperatulre.

ect for the

e crucible is
so, changes
n therefore

a)

asurement

the second
sed by the

he reaction.

9.3.

4 Residual enthalpy

At the end of an isothermal run performed in accordance with 9.3.2 or 9.3.3, cool down the instrument
to ambient temperature with the specimen still inside the sample holder. Then, heat up the specimen
to a temperature below specimen decomposition at the same rate as in a temperature scan in order to
determine whether there is any residual enthalpy (i.e. whether any additional reaction occurs). Add this
enthalpy to the isothermal value to obtain the total enthalpy of reaction.

© IS0 2013 - All rights reserved
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10 Determination of results

10.1 Determination of characteristic temperatures and enthalpy of reaction
(temperature-scanning method)

See Figure 1. See also ISO 11357-1.

dQ/dt
T, T Ty T,

ir eir ef;r Ay

_’\_x\______/,l_/*_

\ I

Tpor
T
Key
dQ/dt  hdat flow rate
T temperature
a Endothermic direction.

Figure 1 — DSC curve with exothermi¢ peak (temperature-scanning method)

The tempefatures shown in Figure 1 are:

Tiy  onsptofreaction, correspondingto the point at which the DSC curve departs from the initial
extrapolated baseline;

Teir extyapolated onset tempgrature, corresponding to the point at which the initial extrapolateq
basgline is intersected by the tangent to the curve at the point of inflection, both on the low-
temperature side/ef’the curve;

Tpr ~ maximum reagtion rate, corresponding to the top of the peak;

Terr extfapelated end temperature, corresponding to the point at which the final extrapolated
basgline'is intersected by the tangent to the curve at the point of inflection, both on the high|

de LA | £l
ten peraturcSsracortretur veEy

Trr  end of reaction, corresponding to the return of the DSC curve to the final extrapolated baseline.

The enthalpy of reaction AHy, in joules per gram, is obtained by integrating the area between the reaction
peak and the interpolated baseline from Tjr to Tf .

10.2 Determination of characteristic times and enthalpy of reaction (isothermal method)
Each procedure (9.3.2 and 9.3.3) may require a different length of time for the reaction to begin.

Note the time to when the specimen reaches temperature equilibrium. Typically, tor is the time at
which the DSC curve comes back to the isothermal baseline obtained by connecting the horizontal parts

4 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=d13c8819e1214f45024aabb78fff4408

ISO 11357-5:2013(E)

of the DSC curve before and after the isothermal reaction peak. Measure the following times from this
point (see Figure 2):

tir onset of reaction, corresponding to the departure of the DSC curve from the initial interpolated
baseline;

teir  extrapolated onset time, corresponding to the point at which the interpolated baseline is inter-
sected by the tangent to the curve at the point of inflection, both on the short-time side of the
curve;

tp,y  Mmaximum reaction rate, corresponding to the top of the peak;

tir end of reaction, corresponding to the return of the DSC curve to the interpolated bas¢line.

do/dt

t
Key
dQ/ft  heat flow rate
t time
a Endothermie-diréction.

Figure 2 — DSC curve with exothermic peak (isothermal method)

Theg enthalpy of reaction during the isothermal stage is obtained by integrating the area bgtween the
rea¢tion peak and the interpolated baseline from ¢ - to t¢ .

NOTE It is necessary to select the temperature of the test in order to get a record of the peak as described in
Figure 2. If needed, the temperature of the test can be lowered.

If the reaction starts immediately, the curve will look like Figure 3. In such cases, tj r and tej r cannot be
measured. Time t; ; is taken to be equal to tg r.

© IS0 2013 - All rights reserved 5
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dQ/dt

\N

tO,r = z'Li,r pr o

at flow rate

Key
dQ/dt  he
t ti
1 r
2 r
a
b |
Fi
10.3 Detq
10.3.1 Ge
The degree

time (isoth

10.3.2 Cal

The degree

e
ction curve
cted specimen

Endothermic direction.

roduction of specimen.

sure 3 — DSC curve with exothermic peak (reaction starting instantaneously)

rmination of degree of conversion

heral

of conversion @, which depends on the temperature (temperature-scanning method) or
ermal method), can be determined from the DSC curve.

culation of « fronr-@temperature scan

of conversion‘is calculated, in per cent (%), using Formula (1) (see Figure 4):

M |
%100
tot,T

where

AH

the

M

is the part of the enthalpy of reaction to temperature Tjr, corresponding to the part of the

peak area between start temperature Tj and Tj,r;

AHiorT is the total enthalpy of reaction measured from a temperature scan, corresponding to the

total peak area between start temperature Tj and end temperature Tf of reaction.

See also ISO 11357-1 for the determination of characteristic temperatures and enthalpies.

© ISO 2013 - All rights reserved
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dQ/dt
Ti,r
I
a
T
T

Key
dQ/ft  heat flow rate
T temperature
a Endothermic direction.

Figure 4 — Calculation of degree of conversion from a temperature scan

Thq degree of conversion, a, increases as the temperature Tj,r increases. A typical example is shown
in Higure 5.
a

100 |
90 |
80 I
PANS
60 I-
50
40 -
30
20
10

Key
a  degree of conversion
T temperature

Figure 5 — Example of increase in a with temperature

© IS0 2013 - All rights reserved 7
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10.3.3 Calculation of a from an isothermal curve

The degree of conversion is calculated, in per cent (%), from Formula (2) (see Figure 6):

AH

oy = x100 (2)

tot,t

where

AHyx  isthe part of the enthalpy of reaction to time ti r, corresponding to the part of the peak
area between start time ¢; r and tx r;

AHiot ¢ is the total enthalpy of reaction measured isothermally, corresponding to the total peal
area between start time t; » and end time t¢.

dQ/dt
ti,r
AH/
|
t
Key
dQ/dt  hdat flow rate
t tigne
a Endothermic direction(

Figure 6 <€alculation of degree of conversion from an isothermal curve

See 10.2 fof the determination of characteristic times and enthalpies.

The enthalpy_change AHott measured from an isothermal curve shall be compared to the enthalpy
change AHiot T measured from a temperature scan (see 10.3). [f AHiot t 1S less than AHior T, replace AHyor ¢
by AHtor T in Formula (2) in order to obtain the true degree of conversion, provided no change of reaction
characteristics has occurred.

NOTE The comparison of the isothermally measured enthalpy change to that measured in a temperature
scan is done in order to capture residual conversion that can occur only at increased temperatures.

The degree of conversion, «, increases with time as shown in Figure 7.

8 © IS0 2013 - All rights reserved
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