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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 maintenanee
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).

Attention i
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Any trade
constitute

5 drawn to the possibility that some of the elements of this document may, be the subjec
ts. ISO shall not be held responsible for identifying any or all such patént'rights. Detail
rights identified during the development of the document will be in the'Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms

expression
World Trad
URL: www

s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
Liso.org/iso/foreword.html.
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revised. TH
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hent was prepared by Technical Committee [§O/TC 61, Plastics, Subcommittee SC 5, Phys
operties.

1 edition cancels and replaces the first-edition (ISO 6721-11:2012), which has been technid
e main changes compared to theprevious edition are as follows:

pe has been revised to specify suitable materials more accurately;

ions of specific points in"DMA curves have been extended;

refere

ce to quality assutahce purposes have been deleted;

several methods have-béen introduced for evaluation of the glass transition temperature;
the procedure forrdetermination of heat dependent results has been revised;

curved of storageé modulus, loss modulus and loss factor have been added to the test report;

are
the
the

t of
s of
| /or

not

And
the
fing

cal-

ally

the tethperature calibration procedure has been revised;

Alist of all

additional temperature reference specimen for different loading modes has been introduced.

parts in the ISO 6721 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 https://www.iso.org/members.html.
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Introduction

This document covers the use of dynamic mechanical analysis (DMA) procedures, in the temperature
scanning mode, to determine a value for the glass transition temperature of plastics. It provides an
alternative procedure to the use of differential scanning calorimetry (DSC) (see ISO 11357-2)[1] for this
measurement.

DMA is used to determine the variation of the storage modulus, loss modulus and loss factor as a
function of temperature and frequency. From these data, a value for the glass transition temperature
is determined. Many types of commercial equipment are available that use this technique, and, in
prifciple, it applies to all the loading modes described in ISO 6721-1.

Thg procedures minimize errors due to thermal lag of the specimen, which varies with'\the heating rate
usefl, through assuming the specimen temperature is given by the measured oven temperatpirel2]. This
eliminates the need for the temperature of the specimen to be measured directly by, for example, a
thefmocouple embedded in the specimen.

© IS0 2019 - All rights reserved v
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Plastics — Determination of dynamic mechanical
properties —

Part 11:
Glass transition temperature
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Different modes (e.g. flexure, torsion, shéar, compression, tension) of dynamic mechanical a
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restilting data can vary with the heating rate applied. A procedure is included to take into ¢

the
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The
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RNING — The use of this document may involve hazardous materials, opera
ipment. The document does not purport to address all of the safety problems.assoc
ise. It is the responsibility of the user to establish appropriate health and safety
to determine the applicability of any other restrictions prior to its use.

Scope

5 document specifies methods for determining a value of the glass transition tempe

ditions. The glass transition temperature is an indicator of the transition from a hard an
tle glassy state to a rubbery or viscous liquid state in_dn)amorphous polymer or in
ons of a partially crystalline polymer.

ally referred to as dynamic mechanical analysiss(DMA), the methods and their

redures can be applied to unreinforced and filled“polymers, foams, rubbers, adhesives
forced plastics/composites. The methods are limited to materials that are inherently sf
.e. amorphous materials that transform intg’a rubbery state or partially crystalline ma
p their shape due to crystallinity.

pplied, as appropriate, to the form:of the source material.

sured Tg values using instrumentation can vary as a result of material characterist
test set-up. The temperature‘sensor in a DMA instrument is not in contact with the tes
therefore measures tempeérature of the environment surrounding the specimen unde

'mal lag influencing:the measured data.

Normative references

following’documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated'references, the latest edition of the referenced document (including any amendmen

tions and
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rature (Tg)
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able above
ferials that
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r test. The
ccount the

Pir content
pplies. For
[s) applies.

ISO

472, Plastics — Vocabulary

ISO 6721-1, Plastics — Determination of dynamic mechanical properties — Part 1: General principles

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 472, ISO 6721-1 and the
following 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
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[EC Electropedia: available at http://www.electropedia.org/

temperature at peak of loss modulus curve

TMII

temperature of the peak of the loss modulus curve vs. temperature

Note 1 to entry: It is expressed in degrees Celsius (°C).

Note 2 to entry: See Figure 1, data point 1.

3.2
temperat
T’
temperatu

Noteltoe
Note2toe

3.3

|

1lre at inflection point of storage modulus

Fe at inflection point of the curve of storage modulus vs. temperature
ry: Itis expressed in degrees Celsius (°C).

ry: See Figure 1, data point 2.

temperatyre at peak of loss factor curve

Ttans
temperatu

Fe of the peak in the curve of loss factor vs. temperature

Note 1 to enftry: The loss factor is also called tan 6.

Note 2 to enftry: It is expressed in degrees Celsius (°C).

Note3toe

3.4
zero heati

Tg(0)
value of th

Noteltoe
Note 2to e

3.5

I

ry: See Figure 1, data point 3.

Ing rate glass transition temperature

e glass transition temperature extiapolated to 0 K/min heating rate
ry: It is expressed in degrees Gelsius (°C).

ry: See 9.2.1, Figure 2,and 9.2.2, Figure 3.

rate dependent glass transition temperature

Tg(m)
value of th

b glass transition temperature at n K/min heating rate

Note 1 to enftry: It is<expressed in degrees Celsius (°C).

Note 2 to enftry<See 9.2.1 and 9.2.2.

4 Principle

A specimen of known geometry is placed or held in a suitable mechanical loading system in an enclosed
temperature chamber, or oven, which can be heated at a controlled rate. The specimen is mechanically
oscillated at a fixed frequency, and the resulting changes in the viscoelastic response of the material
are monitored and recorded as a function of the test temperature. The dynamic properties (storage
modulus, loss modulus and loss factor) are determined from the load and displacement data recorded

throughou

The glass transition temperature (7g) is determined using one of the following characteristic points in

t the test (see ISO 6721-1).

the DMA curves:

— temperature of the peak in the curve of loss modulus vs. temperature (see 3.1);

2
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— temperature of the inflection point of the curve of storage modulus vs. temperature (see 3.2);

temperature of the peak in the curve of loss factor (tan delta) vs. temperature (see 3.3).

The test procedure described minimizes errors of the specimen temperature through due to the
thermal lag, which varies with the heating rate used, assuming that the specimen temperature is given

by t

NOTE 1

he measured oven temperature.

The temperature of the peak in the loss modulus curve correlates quite well with the midpoint of the

storage modulus curve drawn in linear scale. For many thermoplastic materials, this temperature measured at a
frequency of 1 Hz correlates well with the glass transition temperature determined as midpoint of step changes

iR 0 AL ARG o waisal3l
obtairedinBSCenrvesmeasuredat 20K Atk
NOTE 2 The temperature of the inflection point in the storage modulus curve depends~on the numeric
repfesentation of the storage modulus. Using a linear scale results in inflection points that are¢ similar to

glag
sign

NOT
stor]

NO1
tang
stor

5

5.1

Thd
tem
10 §

The
cor
in d
cap

Thd
und

Thd
wh

5.2

S transition temperatures obtained by DSC while plotting the storage modulus in logarithmic
ificantly higher values.

E3  The temperature of the peak in the curve of loss factor (tan delta) is influerced by the deg
hge modulus and thus usually higher than that of the peak in the loss modulus‘curvel3l.

E4 In addition to the three methods above, the onset temperatures_as defined by the inte
ents below Tg and the slopes in the curves of loss modulus or loss fagtor (tan delta) or the dec
hge modulus, respectively, are also usedl[4].

Apparatus

Test equipment

test equipment shall be capable of heatingzat rates from 1 K/min to 10 K/min over th
perature range and mechanically oscillating the specimen at the reference frequency
1z, respectively. The heating rate accuraey shall be £5 % or better.

instrument shall continuously monitor and record the sinusoidal load applied to the sp4

‘esponding sinusoidal displacement, and the phase angle as a function of the measured te
rder to determine the storage modulus, loss modulus and loss factor. The load and di
hbilities of the equipment(shall be sufficient for the specimens tested.

temperature sensor should be positioned in the instrument as closely as possible to
er test, but ensuringit is not touching it.

equipment shall be calibrated regularly, or when the testing mode or atmosphere is
n the temperature sensor is moved or changed.

Devices for measuring test specimen dimensions

Thd

scale yields

rease of the

rcept of the
rease in the

e required
of 1 Hz or

bcimen, the
mperature,
bplacement

Lhe sample

hanged or

se’shall be in accordance with ISO 6721-1.

6

6.1

Test specimen

General

The test specimen shall be in accordance with ISO 6721-1.

6.2

Shape and dimensions

The dimensions of the specimen shall be as required by the equipment for the selected test mode.

©IS

02019 - All rights reserved
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6.3 Preparation

The preparation of the test specimen shall be in accordance with ISO 6721-1.

7 Number of specimens
This shall be in accordance with ISO 6721-1.

Prepare additional specimens (at least three) to assess the heating rate dependency of the method
according to 9.2.

8 Condjtioning

This shall e in accordance with ISO 6721-1.

9 Test procedure

9.1 Testjatmosphere
This shall Ipe in accordance with ISO 6721-1.

Measurements can be undertaken under static air conditions or an inert atmosphere. However, |t is
important that the calibration and the specimen tests be performed under identical conditions.

4 © IS0 2019 - All rights reserved
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M tand 4 M"

| 1 3 _

q

| — 2 —

— 5—+ = i

= e 1 1 | +H
T
Key
1 peak of loss modulus curve, Ty T temperature, °C
2 inflection point of storage modulus curve, Ty M’ storage modulus
3 peak of loss factor (tan 8) curve, Tean § M" loss modulus
—H— loss modulus curve tand  loss factor
—Or— storage modulus curve
—H— loss factor (tan 8) curve
Figure 1 — Plot of dynamic mechanical data against temperature

9.2| Operation
9.2{1 Method A— Rate-dependent results — Full procedure
Mount the specimen into the instrument.
Appglya.constant rate temperature scan from at least 50 K below to 50 K above the glasq transition
reglonfs) of interest at a minimum of 3 heating rates regularly spread between 1 K/min and 10 K/min.

Use a new specimen for each heating rate.

For curing systems, low heating rates should be used with caution, as the data can be influenced by
residual curing effects during the test resulting in overestimation of the value.

A reference test frequency of 1 Hz or 10 Hz shall be used.

The load/displacement on the specimen shall be selected so that the specimen deformation is kept

within +1 % with an accuracy of +10 %.

Record the load and displacement data as a function of temperature, so that the storage modulus,
loss modulus and loss factor can be plotted against temperature (see Figure 1). Determine the glass
transition temperature using one of the methods given in Clause 4 at each heating rate.

© IS0 2019 - All rights reserved
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Plot the obtained glass transition temperatures as a function of heating rate, as shown in Figure 2.
Extrapolate the data to 0 K/min using a linear fit. Report the extrapolated value at 0 K/min as Tg(o) (see

Figure 2).

If the measured glass transition temperatures are shown to vary by more than +2 K between the
different heating rates, method A (see 9.2.1 or 9.2.2) shall be used. Otherwise, method B (see 9.2.3) may
be used.

NOTE The determination of the extrapolation value can be extended by an additional scan at 1 K/min.
T
rg[OJ
| | | | | |
0 2 4 6 8 10 12 n

Key
n heating rate, K/min
T tenjperature, °C

Tg0y  glags transition temperature extrapolated to value at 0 K/min heating rate
—— mejsured data at stated heating rate

Figure 2 — Extrapolation of Tg(y) to 0 K/min [Tg(g)]

9.2.2 Offset method — Rate depéndent results

Determine|the offset A K at theZPequired heating rate from the extrapolation curve shown in Figure P to
be added tp Ty(0). The valueTy(0) = [Tgm) — A] can be used for subsequent testing of the same materigl at
the same heating rate (seeFigure 3).

Measured yalues, such as Tg(10), should not be used for comparison with other results at this rate,[but
undertaken on different equipment or different laboratories (see B.3). These comparisons should ¢nly
be undertz1ken using Tg(0) determined in accordance with 9.2.1.

6 © IS0 2019 - All rights reserved
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T
~
Tg(O)
| | | | | |
0 2 4 6 8 10 12 7

Key
A offset temperature at specified heating rate, K
n heating rate, K/min
T temperature, °C

Tg(0 glass transition temperature extrapolated to value at 0 K/min heating rate
—J)— measured data at stated heating rate

Figure 3 — Determination of Tg(p) at specified heating rate from extrapolation c

9.2{3 Method B — Rate-independent results

Undertake the procedure specified in method A but using a single temperature rate seled
the|range specified (see 9.2.1). Plot the storage modulus, loss modulus and loss factor vs. teg
curpe from the recorded data and determine Ty using one of the methods given in Clause 4.

10(Expression of results

Replort the values of Ty, Tg(m), Tg or A determined according to 9.2.1, 9.2.2, or 9.2.3, as apprd

If rgquired, report curves of storage and loss modulus and loss factor as well.

11|Precision

At the time'of publication of this document, there are no precision data available.

jrve

ted within
mperature

priate.

12 Test report
The test report shall include the information required in ISO 6721-1, plus the following:
a) the method used (method A, offset method, or method B);

b) the test frequency used;

c) aplot of the storage modulus, loss modulus and loss factor against temperature, with the analysis

points indicated;

d) all individual values of Tg(0), Tgm)or A as appropriate, together with, if required, curves of storage

and loss modulus and loss factor;

© IS0 2019 - All rights reserved
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e) the extrapolation curve (see Figure 2) if method A (see 9.2.1) or offset method (see 9.2.2) were used.

8 © IS0 2019 - All rights reserved
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Annex A
(normative)

Calibration procedures

The
acc

typ

Thd
usi

Itis

A.2

prdance with the manufacturer's recommendations. The procedures may vary, dépendin
e of instrumentation or clamps used.

mechanical calibration will generally involve measurement of the compliance of the

mg a stiff, usually steel, bar.

recommended that the instrument be calibrated regularly, or when-the testing mode is ¢

Temperature calibration

Temperature calibration shall be done at the same heating rate used for subsequent measut

cor

Che
aga
tou

Thd
resj
tem

Thd
+1 1

Dep
tem

rected for heating rate effects, if applicable.

ck the temperature readings of the instrument:within the temperature range required
nst a calibrated temperature sensor placed as.close as possible to the specimen to be tes
Ching it.

position of temperature sensors used for calibration and measurement shall be si
bect to specimen and furnace walls to-prevent significant deviations of temperature rea
perature sensors of similar characteristics shall be used for calibration and measureme

temperature difference between instrument and calibrated temperature sensor shal
{ in the complete range oftesting temperatures.

ending on distance-hetween specimen and temperature sensor or instrument layj
perature deviationSinay occur along the specimen.

instrument shall be mechanically calibrated for the type of clamps to be used in subsequlent tests in

g upon the

nstrument

hanged.

ements, or

for testing
ed, but not

milar with
ings. Also,
t.

be within

put higher
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Annex B
(informative)

Assessment of heating rate sensitivity using reference sample

B.1 Assessmentprocedure

A 3= 7 —

B.1.1 Geperal

Using the 1jelevant loading mode, test the temperature reference specimen at each of therfour diffefent
heating rates, n (1, 3, 5 and 10) K/min and plot loss modulus against temperature for each’rate. From|the
sharp droy] in the loss modulus curve (see Figure B.1), the melting point of the embedded temperature
calibration material within the specimen can be determined.

M"
| | | | | | | | | |
T
Key
T temperature, °C
M" 1pss modulus, MPa

1,3,5,10 Heating rate, K/mid

Figure B.1 —Abrupt decrease in loss modulus curve indicates melting of indium
within reference specimen

If the instrpifment is equipped with single sensor differential thermal analysis technology (SS-DTA)L5}.[6],
the determination of the indium melting point can also be done using the single differential thermal
analysis signal.

B.1.2 Flexure or torsion

This evaluation can be done using a temperature reference specimen of bar geometry consisting
of an envelope with a layer of calibration material such as indium or tin centrally encapsulated?.
Alternatively, PTFE tubes with embedded wires of calibration materials such as water, indium or tin
can be used.

1) Suitable temperature reference specimen consisting of indium embedded in a carbon fibre epoxy resin laminate
are available from the National Physical Laboratory (NPL) http://www.vamas.org/twa5/documents/201506

vamas_twab_Tg_determination.pdf

10 © IS0 2019 - All rights reserved
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.3 Tension

Temperature reference specimens of water may be prepared by applying a drop of water onto a paper
strip or foil (see Figure B.2 a)lZl. Calibration metals such as indium or tin can be encapsulated in
aluminium foil (see Figure B.2 b)[Z].

The

se calibration specimens can be installed in the tension sample holder.

i i

B.1]

Tenpperature reference samples may be prepared by encapsulating calibration metals such a

tin

B.2

/o_mzo 7«:) In, Zn

i i

a) Drop of water applied onto b) Calibrationlmetal embeddé
paper (or foil) strip inaluminium foil

Figure B.2 — Temperature reference specimen’in tension mode
.4 Shear and compression
n aluminium foil and installing this envelope in the sample holder for the relevant deform4

Data analysis
lyse the data as follows.

Record the temperature corresponding to the drop in loss modulus associated with the
the embedded calibration material, as specified in B.1.

Plot the temperatures determined against heating rate and note the sensitivity of the
heating rate (see Figune B.3).

Determine the melting temperature of the calibration material by extrapolation of the
temperatures\to zero K/min heating rate (see Figure B.3).

d

t indium or
ition mode.

melting of

data to the

measured
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