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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 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 neededfor
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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Determination of specific heat capacity

and degree of conversion

(dynamic OIT)

Part 7:

Determination of crystallization kinetics
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Scope

5 part of 1ISO 11357 specifies two methods (isothermal and non-isothermal)for st
stallization kinetics of partially crystalline polymers using differential scanning\calorim

only applicable to molten polymers.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

472, Plastics — Vocabulary
11357-1, Plastics — Differential scanning calorimetry (DSC) — Part 1: General principles

11357-3, Plastics — Differential scanning. calorimetry (DSC) — Part 3: Determination of t
enthalpy of melting and crystallization

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 472, IS0 11357-1, 1S
the following apply.

stallization Kkinetics
Cription of the xate of crystallization of a material taking into account the effects of varial
b, temperatyre, pressure, stress, and molecular structure

e 1 to enty: These factors and also any additives, fillers, or contaminants can modify the crysta
mer at'the end of crystallization.

dying the
etry (DSC).

E These methods are not suitable if the molecular structure of the polynier is modified duripg the test.

nt and are

spensable for its application. For dated references, ofly ‘the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

wn

emperature

011357-3,

les such as

linity of the

3.2

relative crystallinity

a

ratio between the crystallinity at a particular point in time or a particular temperature and the
crystallinity at the end of crystallization

Note 1 to entry: The relative crystallinity can be expressed either as a ratio or as a percentage if multiplied by
100.

Note 2 to entry: In DSC, the relative crystallinity can be determined as the ratio between the partial area of the
crystallization peak, at each time or each temperature, and the total area of the peak.

© ISO 2015 - All rights reserved
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4 Principle

The principle is specified in ISO 11357-1.

5 Apparatus and materials

5.1 Differential scanning calorimeter, according to [SO 11357-1.

5.2 Cruc

ibles, according to ISO 11357-1.

It can be ng
kinetics of

5.3 Bala

5.4 Calil

bcessary to verify that the material used for the crucibles does not modify the crystalliza
the polymer.

hce, according to ISO 11357-1.

ration materials, according to ISO 11357-1.

5.5 Purge gas, according to [SO 11357-1.

6 Tests

Test specirn

pecimens

hens shall be as specified in ISO 11357-1.

7 Test ¢onditions and specimen conditioning

Test condif]

8 Calib
The calibr4

The linean
materials |
4,4-azoxy3

9 Proce

9.1 Gen
The study

ions and specimen conditioning shall be as'specified in ISO 11357-1.

ration
tion shall be done in accordance with ISO 11357-1.

ity of the temperature_$cale in the heating and cooling modes shall be checked u

fion

bing

which do not supercool._The use of the liquid-liquid transition of liquid crystals, sucl as

nisole, is recommended.

dure

bral

bf-Che crystallization kinetics of polymers can be done in an isothermal or a non-isother

mode.

mal
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The relative crystallinity is given by the ratio of the partial enthalpy of crystallization, at each time or
each temperature, and the total enthalpy of crystallization AH, as given in Formula (1):

atorT :AHtorT/AHc (1)
where
atrand AH; are the relative crystallinity and the enthalpy of crystallization at a given time in
the isothermal mode;
“uj aud LAIILII [23 3 th\, 1 \,}at;vu Cl _yota}}iu;t_y aud thb putha}y_y Ufbl yotal};bat;uu Clt A E;V\,l tempera_
ture in the non-isothermal mode.
9.2| Loading the test specimen into the crucible
The loading of the test specimen shall be done as specified in ISO 11357-1.
To avoid self-heating, the mass of the specimen shall be chosen based on the heat evolyed by the
crystallization of the material. If the object of the measurements iste_compare various grades of a
polymer, maintain the mass within 0,5 mg.
9.3| Insertion of the crucibles into the instrument
The crucibles shall be inserted into the instrument as spegified in ISO 11357-1.
9.4 Melting of the polymer
Prigr to isothermal or non-isothermal crystallization, all crystalline elements in the sampld that could

modlify the crystallization Kinetics shall be melten completely.

Thi
ext

NOT
the

9.5

At Y
whi

A s
Thd

5 is usually achieved by heating at a rate’of 10 K/min or 20 K/min to a temperature of 30 |
rapolated end melting temperaturé.and holding at this temperature for 3 min to 5 min.

E Preliminary trials can he done to optimize these conditions and to prevent this step frg
molecular structure of the polyimer.

Isothermal crystallization

he end of the melting stage, cool the specimen as quickly as possible to the selected tem
ch isothermal‘cryystallization shall be measured.

hematicrepresentation of an isothermal crystallization run is shown in Figure 2.

timeisg; at which the selected temperature is reached, is the start of the isothermal step

K above the

m changing

berature at

Isot

heérmal crystallization starts at initial crystallization time, t;, which is obtained by the iftersection

point of the slope of the crystallization peak onset with a linear baseline obtained by interpolation
between peak start and end.

The time tf at which the isothermal step ends (i.e. the time to obtain a complete crystallization curve)
depends on the crystallization rate. If not clear from the DSC curve, it shall be set to five times the time
taken to reach the maximum crystallization rate, tmax.

Carry out at least three runs at different temperatures.

The isothermal temperatures are limited by the specifications of the instrument and data shall be

reje

NOTE

cted when the crystallization starts during cooling (see Figure 1).

© ISO 2015 - All rights reserved

Limiting instrument factors can be e.g. too high thermal lag or insufficient cooling capabilities.


https://standardsiso.com/api/?name=a310f7e6e4adeed341b2be7a1a1e1bd8

ISO 11357-7:2015(E)

dQ/de &
1
! 2
[
N = \
I
| |
to tmax b t
Key
1 DSC pignal
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Figure 1 4 Bad isothermal run: Crystallization started before isothermal temperature reached

do/dr &
a
t
by
Key
1 DSC pignal
2 temperatureplot
dQ/dt heatlflow rate
t time
a Exothermic direction.

Figure 2 — Good isothermal run

9.6 Non-isothermal crystallization

At the end of the melting stage, cool the specimen at the selected constant cooling rate to at least 10 K to
20 K below the final crystallization temperature.

4 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=a310f7e6e4adeed341b2be7a1a1e1bd8

ISO 11357-7:2015(E)

Carry out at least three runs at different cooling rates.

NOTE It is recommended that the cooling rates used are close to the highest rate at which the instrument is
able to maintain the rate linear over the whole cooling-temperature range.

10 Expression of results

10.1 General
See also ISO 11357-3.

NOTE The values calculated in 10.2.1 and 10.2.2 can be used to compare different polymers!

The study of the crystallization kinetics of polymers is still evolving and there are hany models to
destribe the Kinetics. The literature has to be used for the actual determinatien of the kinetics (see
AnnexA).

10.2 Methods of determination of crystallization Kkinetics

10.2.1 Isothermal crystallization

Forleach run at a specific isothermal temperature, determine thevariation in a as a function pf time (a¢)
and|record the following values (see Figure 3 and Figure 4):

— |starting time of the isothermal step (t = 0) to
— |initial crystallization times t
— |time to reach the maximum crystallizationrate tmax

(measured to the top of the crystallization peak)

— |relative crystallinity at tpax a,

max
— [time to reach a relative crystallinity of 0,5 tos
— |enthalpy of crystallization AH,
— |time to the end of crystallization tr

© IS0 2015 - All rights reserved 5
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do/de 4
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\
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Key
1 DSC pignal
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t time
a Exothermic direction.
Figure 3 — DSC signal during the isothermal step
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Figure 4 — Variations in a; during the isothermal step
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10.2.2 Non-isothermal crystallization

For each run, specify the cooling rate, determine the variation in a as a function of temperature (aT)
and record at least the following values (see Figure 5 and Figure 6) during the cooling step:

— initial crystallization temperature T;
— peak crystallization temperature Tpc
— temperature to reach a relative crystallinity of 0,5 To,5
— rrelativeerystatinityattoe €
¥ ¥ P Toe
— |enthalpy of crystallization AH,
— |final crystallization temperatures Ts
NOTE The initial and the final crystallization temperatures are the points at which the exothermic peak
begins to deviate from and returns to the extrapolated straight baseline (see [SO 11357-3).
do/dr /2
T~ nya
| AH. |
| |
| |
| 1 |
| |
| |
| |
| | |
| | |
| | |
a I | l
| | |
| : I |
Tf ! Tpc Ti T
Tos
Key]
1 DSC signal
2 baseline
dQ/fdt heat flow rate
T temperature
a Exethermic direction.
s | i aYelal - 1A a n ) 1s =
I‘lsul CJ ou Dlsllal uul llls UIIT LUUlllls DI.CP
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Figure 6 — Variation in at during the cooling step

sion
on of this method is not known because inter-laboratory data are not available.

12 Test report

The test r¢
Clause 10 {

— times,
— tempe

— coolin

bport shall be as specified in ISO 11357-1. Additionally, the following values calculate
hall be included@s'test results:

in minutes, to'ene decimal place;
fatures, in"C, to one decimal place;

b rates, in K/min, to two significant figures;

1 in

— relativ

e crystallinities, 1n %, rounded to the nearest whole number;

— enthalpy of crystallization, in k]/kg or ] /g, to two significant figures.

If the Kinetics parameters have been determined, specify the model used with the constants and the
calculated values. Where the experimental curves can be compared to curves calculated using the

model, the

curves should be attached to the test report.

© ISO 2015 - All rights reserved
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Annex A
(informative)

Equations for crystallization Kinetics of polymers

A.1 Isothermal crvstallization
 I—seothe - eFystHZdHo0R

A.1.1 Avrami equation
X, :xfx[l—exp(—kt”)] (A1)

whgre

Xt is the crystallinity of the polymer at time ¢;

xf is the crystallinity of the polymer at the end of crystallization;
k isthe rate constant at the isothermal temperature T

n isthe Avrami exponent.
A.1l2 Sestak Berggren equation
da/dt=Za™ (1-a)" exp(~E/RT) (A.2)

whegre

n, m are reaction orders;

E  isthe activation energy;

R  isthe gas constant;

T  isthe abselute temperature;
Z  isthégpre-exponential factor;
a  JdSthe relative crystallinity.

A. Non-1sothermal crystallization

A.2.1 Ozawa equation

© IS0 2015 - All rights reserved 9
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a(T)=1- exp[—KO (T)Cim}

where
a(T)

C

is the relative crystallinity at temperature T;

is the cooling rate (—dT/dt)

Ko(T) Adsthe function describing the cooling process;

m

(A.3)

is the Ozawa exponent.

A.2.2 Nakamura equation

a(T)

where
a(T)
c
k(T)
n
10

1T(t) 1/n
=[1 —exp< - - Z|-0)(I((T)) dT

T

is the relative crystallinity at temperature T;
is the cooling rate(—dT/dt);

is the rate constant at temperature T;

is the Avrami exponent.

(h.4)

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=a310f7e6e4adeed341b2be7a1a1e1bd8

	Foreword
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Principle
	5	Apparatus and materials
	6	Test specimens
	7	Test conditions and specimen conditioning
	8	Calibration
	9	Procedure
	9.1	General
	9.2	Loading the test specimen into the crucible
	9.3	Insertion of the crucibles into the instrument
	9.4	Melting of the polymer
	9.5	Isothermal crystallization
	9.6	Non-isothermal crystallization
	10	Expression of results
	10.1	General
	10.2	Methods of determination of crystallization kinetics
	10.2.1	Isothermal crystallization
	10.2.2	Non-isothermal crystallization
	11	Precision
	12	Test report
	Annex A (informative)  Equations for crystallization kinetics of polymers
	Bibliography

