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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof]
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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Introduction

This document has been prepared because users of plastics find sometimes that available data cannot
be used readily to compare the properties of similar materials, especially when the data have been
supplied by different sources. Even when the same standard tests have been used, they often allow
the adoption of a wide range of alternative test conditions, and the data obtained are not necessarily
comparable. The purpose of this document is to identify specific methods and conditions of test to be
used for the acquisition and presentation of data in order that valid comparisons between materials

can be made.
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spefimen may be significantly different from that in specific regions of a moulded compor
these circumstances, therefore, the data will not be suitablefor accurate design calculations
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INTERNATIONAL STANDARD ISO 11403-2:2022(E)

Plastics — Acquisition and presentation of comparable
multipoint data —

Part 2:
Thermal and processing properties

1 (Scope

Thif document specifies test procedures for the acquisition and presentation of multipoint ¢lata on the
follpwing thermal and processing properties of plastics:

— |enthalpy/temperature curve;
— |linear-expansion/temperature curve;

— |melt shear viscosity.

2 |Normative references

The following documents are referred to in the text n'such a way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[S0|293, Plastics — Compression moulding of test specimens of thermoplastic materials

[SO|294-1, Plastics — Injection mouldinglef test specimens of thermoplastic materials — Part 1: General
principles, and moulding of multipurpose-and bar test specimens

1S0|295, Plastics — Compression wmoulding of test specimens of thermosetting materials
[SO|472, Plastics — Vocabulary.

[SO[1133 (all parts), Plastics — Determination of the melt mass-flow rate (MFR) and melt volume-flow rate
(MWR) of thermoplastics

[S0|2818, Plasti¢s.=< Preparation of test specimens by machining

[SO|10724-15Plastics — Injection moulding of test specimens of thermosetting powder moulding compounds
(PMCs) —Part 1: General principles and moulding of multipurpose test specimens

[SO|207%53, Plastics — Test specimens

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 472 apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

©1S0 2022 - All rights reserved 1
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4 Specimen preparation

In the preparation of specimens by injection moulding, the procedures described in ISO 294-1 or
[SO 10724-1 shall be used. For compression moulding, the procedures described in ISO 293 or ISO 295
shall be used. The method of moulding and the conditions depends upon the material being moulded.
If these conditions are specified in the International Standard appropriate to the material, then they
shall be adopted, where possible, for the preparation of every specimen on which data are obtained
using this document. For those plastics for which moulding conditions have not yet been standardized,
the conditions employed shall be within the range recommended by the polymer manufacturer and
shall, for each of the processmg methods be the same for every spec1men Where mouldmg condltlons
i 1 be

recorded w1th the data for that materlal

Where sp¢cimens are prepared by machining from sheet, the machining shall be performed in
accordance with ISO 2818.

This clausd does not apply to 6.2 and 6.4.

Table 1 — Moulding parameters

Moulding method and standard

Type of mqulding material (where applicable)

Moulding parameters

Melt temperature
Thegmoplastic Injection, ISO 294-1 Mould temperature

Injection velocity

Moulding temperature
Moulding time
Themoplastic Compression, ISO 293
Cooling rate

Demoulding temperature

Injection temperature
Mould temperature
Therjmosetting Injection, ISO 10724-1
Injection velocity

Cure time

Mould temperature

Thermosetting Compression, ISO 295 Moulding pressure

Cure time

5 Condjtioning

Specimens| shall be conditioned in accordance with the International Standard appropriate to|the
material. Referemnce to the use of any spectat conditioning siatt be Tecorded with the data i Tables 2 to
4. If no materials standard is available, condition test specimens at 23 °C + 2 °C and (50 = 10) % RH for a
minimum length of time of 88 h according to ISO 291.

This clause does not apply to 6.2 and 6.4.

6 Testrequirements

6.1 General

In acquiring data for the properties included in this document, the test procedures described in the test
standard for each property indicated in the appropriate clause shall be followed.

2 © IS0 2022 - All rights reserved
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For enthalpy and linear thermal expansion measurements, results shall be recorded at temperatures T;
at intervals of 10 K starting at —40 °C and replacing 20 °C by 23 °C.

6.2 Enthalpy/temperature curve: ISO 11357-3

Use differential scanning calorimetry to measure changes in enthalpy with temperature. According
to ISO 11357-3, measure the melting and crystallization temperatures. Print out the temperature/
time curve, the enthalpy/time curve and DSC/time curve, if necessary, afterwards. From these
graphs, read enthalpy in the required temperature (see Figure 1). Starting at a temperature near the
maximum recommended processing temperature, cool the specimen at a rate of 10 K/min to -40 °C and

imnrediatety heatat 0K/ mimback to the starting temperature:
Duifing the cooling part of the cycle, record the differences in enthalpy per unit mass AH;/m; ip kilojoules
per|kilogram (k]J/kg), between temperatures T; and the reference temperature of 23 € at intervals of
10 9C in the temperatures T;. The mass of the specimen is m, in kilograms. Repeatusing valu¢s obtained
during the heating part of the cycle. (See Figure 1 and Table 2.)
AH/m
g
~
I
S h < ///
ey C ///
5 .
AN~
L
0
-40 23 T, T Tm T
Key
T temperature
AH/ Specific enthalpy difference, M KJ7Kg
AH, and AH, enthalpies of melting and crystallization, respectively
cand h cooling and heating parts of the measuring cycle
T, glass transition temperature
T, crystallization temperature
Ty melting temperature

Figure 1 — Schematic diagram showing an example of the specific enthalpy difference AH/m of
a semi-crystalline polymer against temperature T, showing the glass transition temperature T,
and the melting temperature T,

©1S0 2022 - All rights reserved 3
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6.3 Line

ar-expansion/temperature curve: ISO 11359-2

For those materials that absorb water, data shall be presented for this property in the dry state. The
presentation of additional data for the polymer in a state of equilibrium water content at 23 °C and

50 9% relati

ve humidity shall be decided by the data supplier.

Use the central region of the type A multipurpose tensile specimen of ISO 20753. Prepare the test
specimen for the length measurement by cutting from the length of the type A specimen direction.
From the width direction of the type A specimen, prepare the test specimen for the width measurement
by cutting. Use thermomechanical analysis to measure changes in the specimen length and width with

changes in

temperature whilst heating at a maximum rate of 5 K/min.

Starting at]
lengths at
the temper
temperatu
(see Table

6.4 Mel

Use the caj
processing
specified i
material us
range of sh
and shear-

Record the
(s-1), giver
Where she
measured
strain rate
record the

For those 1
rates in Taj
shear viscq

temperatures T; and a reference temperature of 23 °C, respectively, at intervals©f-10 °
atures T, Record also the normalized changes in specimen width (b; - b,)/b{atthe s
res T;, where b; and b, are the specimen widths at temperatures T; and 23_°€; respecti

).

shear viscosity: ISO 11443

temperature range of the polymer. One of these temperatures shall be the same as
h the materials standard in connection with the determination of melt flow rates for
ing the relevant part of ISO 1133. At each temperature, fmeasure the shear viscosity over
ear-strain rates between 3 s1 and 30 000 s-1. Deterntine true values of the shear visco|
btrain rate.

true shear viscosity at nine values of the true shear-strain rate y, in reciprocal seconds
bylog v =0,5k (1 £k <9) and at each temperature Ti as shown by Figure 2 and in Tablq
hr viscosity values at the specified shear strain rates are determined by interpolation, th
bhear viscosity data shall be no more than half a decade in shear strain rate from the she
at which the interpolated shear viseqsity value is determined. If melt fracture occurs,
letter F at the appropriate shearystrain rate in Table 4.

haterials where the onset of ‘melt fracture means that the data recorded at the shear st
ble 4 do not accurately describe the dependence of shear viscosity on shear strain rate, {
sity measurements shall be recorded at additional shear strain rates.

E

-40 °C, record the normalized length difference (; - [.)/I, where [; and I, are the specillnen

C in
hme
Uely

pillary rheometer method. Select three temperatures T; which $§pan the recommended melt

that
the
the
Sity

p 4.

a1

Fain
hen
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logn

Key)
n | melt shear viscisity, expressed in pascdl seconds (Pa-s)

y shear strain rate, expressed in reciprécal seconds (s™1)

Figure 2 — Schematic diagram showing the variation of the melt shear viscosity 7 gt three
temperatures (T, T,, T5)

7 |Presentation of data

Redpord theresults in the formats described by Tables 2 to 4, together with information thdt identifies
thematerial.

Table2—§ ifi thal LifE A/ , , T2
T;(°C) b -40 -30 -20 -10 0 10 23

AH,/m? Cooling

(kJ/kg) Heating

a  See 6.2 and Figure 1.

b Add Tg, T, T,, to the table if necessary.

© IS0 2022 - All rights reserved 5
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Table 3 — Normalized length difference (I; - I.)/1. and normalized width difference (b; - b,)/b,
versus temperature T;?

T;(°C) b -40 -30 -20 -10 0 10 23 30
U
(bi ~ br)/br 2
a  Seeb6.3.
b Add Tg, T, T,, to the table if necessary.
Table 4 —Frue-shear-viseosity-values-inpaseal-seconds{Pa-s)-attrue-shearstrainrates—, in

reciprocal seconds (s1), at temperatures T; 2

. log ¥
i T; (°C) )
0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,
1
2
3
NOTE The letter F indicates that melt fracture has occurred.
a2 See 6.4 3nd Figure 2.

Where appjropriate, the following additional information shall be included with each table:
a) the mdthod of preparation of the specimen;

b) a referlence to the International Standard which gives the processing conditions used to prepare
the specimen, if this was prepared by injection or campression moulding. If these are not givep in
any standard, then record the appropriate conditiofis identified in Table 1;

c) any spgcial conditioning procedure referred to-in Clause 5;

d) the number of specimens tested.

8 Precision

For informption on the precisionefthe test methods used to generate the data recorded in Tables 2 fo 4
in Clause 7] the appropriate [SO,test standard should be consulted. However, not all of these standdrds
contain a grecision clause and, furthermore, the precision of the data from some tests will depend on
the test copditions and ph the behaviour of the material under those conditions.

6 © IS0 2022 - All rights reserved
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