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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.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this documend may be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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5 document was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC
mical properties., in collaboration with the'European Committee for Standardization (CEN|

and CEN (Vienna Agreement).

5 fourth edition cancels and replaces the third edition (ISO 11357-1:2016), which has been
sed.

main changes compared to the previous edition are as follows:
the examples of materials given for temperature and enthalpy calibration have been upd
the data of sapphire to be used for calibration of heat flow rate have been updated.
5t of all parts-in the ISO 11357 series can be found on the ISO website.

feedback or questions on this document should be directed to the user’s national standa
pletelisting of these bodies can be found at www.iso.org/members.html.
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Introduction

The ISO 11357 series describes thermoanalytical DSC test methods which can be used for quality
assurance purposes, for routine checks of raw materials and finished products, or for the determination
of comparable data needed for data sheets or databases. The procedures given in ISO 11357 apply as
long as product standards or standards describing special atmospheres for conditioning of specimens
do not specify otherwise.
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Plastics — Differential scanning calorimetry (DSC) —

Part 1:
General principles

SAFETY STATEMENT — Persons using this document should be familiar with normal laboratory

pragtice, if applicable. This document does not purport to address all of the safety¢

any
and

1
Thd

anallysis of polymers and polymer blends, such as

The
phe

Thi

primciple and the apparatus, sampling, calibration and general aspects of the procedure and

conj

Det
For

, associated with its use. It is the responsibility of the user to establish appropr
health practices and to determine applicable regulatory requirements.

Scope

[SO 11357 series specifies several differential scanning calorimetry (DS€) methods for 4

thermoplastics (polymers, moulding compounds and other moulding materials, with
fillers, fibres or reinforcements),

thermosets (uncured or cured materials, with or without fillers, fibres or reinforcement]
elastomers (with or without fillers, fibres or reinforecements).

ISO 11357 series is applicable for the observation and measurement of various proper
nomena associated with, the above-mentioned materials, such as

physical transitions (glass transitionsphase transitions such as melting and crys
polymorphic transitions, etc.),

chemical reactions (polymerization, crosslinking and curing of elastomers and thermos
the stability to oxidation, and
the heat capacity.

5 document specifiesya number of general aspects of differential scanning calorimetry,

mon to all pafts.

hils on perxforming specific methods are given in subsequent parts of the ISO 11357
bword);

2
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ate safety
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or without

5), and
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tallization,

bts, etc.),

tuch as the
test report

series (see

Normative references

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

ISO
ISO

3

472, Plastics — Vocabulary

80000-5, Quantities and units — Part 5: Thermodynamics

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 472, ISO 80000-5 and the
following apply.
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

31

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

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

differential scanning calorimetry

DSC

technique in which the difference between the rate of flow of heat into a specimen crucible containing
the specimen and that into a reference crucible (3.3) is derived as a function of temperature and/or time

while the §pecimen and reference are subjecte

specified a

Noteltoe
is plotted ag
direction is

Note 2 to e
positive wh
in the ordin
direction of]

3.2
calibratio

mosphere using a symmetrical measurement system

ry: Itis common practice to record, for each measurement run, a curve in which temperature or {i

the abscissa and heat flow rate (3.4) difference as the ordinate. The endothermic and/or exothe;
indicated on the DSC curve.

htry: According to the principles of thermodynamics, energy absorbed by a.system is consid
le energy released is negative. This approach implies that the endothermiedirection points upw
hte and the exothermic direction downwards (see Figures 1 and 2). It also-has the advantage tha
thermal effects in plots of heat flow rate (3.4) and specific heat is consistent.

h material

material f

r which one or more of the thermal properties are.sufficiently homogeneous and

bred
hrds
the

vell

established to be used for the calibration of a DSC instrument @rfor the assessment of a measurenjent

method

3.3

reference crucible
crucible used on the reference side of the symmetrical crucible holder assembly

Noteltoe

Note 2 to e]f
having a he
crucible. Su
have heat c
reinforceme

3.4
heat flow
quantity of

ry: Normally, the reference crucible isempty.

at capacity comparable to thattef the crucible, a suitable material can be used inside the refer
table reference materials agpethermally inactive over the temperature and time range of interest
pacities similar to that of/the’specimen. In the case of filled or reinforced products, the pure fillg
nt can be used, for example.

rate
heat transférred per unit time (dQ/dt)

Note 1 to enftry: It is'expressed in watts (W) or milliwatts (mW).

try: In special cases, such as the measurement of highly filled or reinforced polymers or specinpjens

bnce
and
ror

Note 2 to entry:‘The total quantity of heat transferred, Q, corresponds to the time integral of the heat flow ra]te:

_[4e
0o=I—

3.5
change in

4Q

dt

heat

quantity of heat absorbed (endothermic, AQ positive) or released (exothermic, AQ negative) within a
specified time, t, or temperature, T, range by a specimen undergoing a chemical or physical change and/
or a temperature change:

AQ=

2dQ 4,

t; dt

© IS0 2023 - All rights rese
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or

60 Tzd_QdT

AQ:F T, dt

where

AQ isexpressedinjoules (]) orasa specific quantity, Aq, expressed in joules per amount of material
in grams (J-g1) or joules per amount of material in moles (J-mol-1);

’R isthe constant hquing Qor r‘nnling rate dTl/df pyprpccpd in kelvins per minute (K-r in‘l).

Note 1 to entry: If measurements are made at constant pressure, AQ corresponds to the change-in/enthalpy, AH.

3.6
specific heat capacity at constant pressure

p

quantity of heat necessary to raise the temperature of unit mass of material by. 1 K at constarft pressure:

m dTp

or

whére

dQ isthe quantity of heat, expressed in joutles (]), necessary to raise the temperature oflan amount
of material of mass m, expressed in'grams (g), by dT kelvins at constant pressure;

B is the heating rate, expressed.n kelvins per minute (K-min=1);

¢, isexpressed injoules per'gram per kelvin (J-g 1.k

Notg 1 to entry: c, can also be expressed in joules per mole per kelvin (J-mol~1-K-1) when the amountjof material,

m, i§ expressed in moles.

Notg 2 to entry: When analysing polymers, ensure that the measured specific heat capacity does notjinclude any
heaf change due to a.chémical reaction or a physical transition.

3.7
baseline
parf of thesrecorded curve in which no reactions or transitions take place

Not¢ Lto'entry: This can be an isothermal baseline when the temperature is maintained constant o a dynamic

b | H L ot 4+ H L A3 A | e N s o d s s
asertre-waeh—tie CCTHTP CT atuT U TS CITaT gt TIT aCCOT T ATIC TV TCIT o CUTTICT OTTC U CCTITp e ataT T PTUET ATTTITc

Note 2 to entry: The baselines defined in 3.7.1 to 3.7.3 refer to the quasi-stationary range only, i.e. when the
instrument is operating under stable conditions shortly after starting and shortly before ending the DSC run (see

Figure 1).

©1S0 2023 - All rights reserved 3
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dQ/de A AT

a
t
Key
dQ/dt  hdat flow rate 2 virtual baselirie
T temperature 3 instrument baseline
t time 4 quasi-stationary range
d@/dtvs. t 5 tsothermal start baseline
............ Tys.t 6 isothermal end baseline
1 sgecimen baselines a Endothermic direction.
Figure 1 — Schematic'drawing showing baselines
3.71
instrument baseline
curve obtajned using only empty crucibles of identical mass and material in the specimen and refergnce
positions jithe DSC cell
Note 1 to enftry: The instruménbbaseline is required for heat capacity measurements.
3.7.2
specimen paseline
DSC curve pbtained*outside any reaction or transition zone(s) while the instrument is loaded with Qoth
the specimlen i the specimen crucible and the reference crucible (3.3)
Note 1 to lﬁmnwmmmmmmm and

the reference crucible (3.3) depends solely on the heat capacity of the specﬁen and the instrument baseline (3.7.1).
Note 2 to entry: The specimen baseline reflects the temperature dependence of the heat capacity of the specimen.

Note 3 to entry: For heat capacity determinations, a dynamic DSC curve is required and, in addition, the
instrument baseline (3.7.1) and the isothermal start and end baselines (see Figure 1).

4 © IS0 2023 - All rights reserved
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3

virtual baseline
imaginary line drawn along the peak width through a reaction and/or transition zone assuming the

hea

t of reaction and/or transition to be zero

Note 1 to entry: Assuming the change in heat capacity with temperature to be linear, the virtual baseline is
drawn by interpolating or extrapolating the specimen baseline in a straight line. It is normally indicated on the

DSC

curve for convenience (see Figures 1 and 2).

Note 2 to entry: The virtual baseline drawn from peak onset, T;, to peak end, T}, i.e., the peak baseline, (see
Figure 2) allows the determination of the peak area from which the heat of transition can be obtained. If there

is n
con
bas:

Not
(see

3.8
ste]
abr
ran

Not

3.8
stej
diff]
tim
bas

39
pea
par
and

Not
dep

3.9.
end
peal
cru

sigmificant thrange i heat capacity during the tramsitiomr or reaction; the basetime camrbedra
necting the peak onset and peak end by a straight line. If significant heat capacity changes ogcup,
tline can be drawn.

b 3 to entry: Extrapolated and interpolated virtual baselines will not necessarily coincide with
Figure 2).

D
1pt positive or negative change in the height of a DSC curve, taking/place over a limited t¢
e

1
b height

brence between the heights of the extrapolated baselines before and after a step, meas
b or temperature corresponding to the point on the DSC curve which is equidistant betwg
blines

k
L of the DSC curve which departs fromithe specimen baseline (3.7.2), reaches a maximum or
subsequently returns to the specimen baseline (3.7.2)

b 1 to entry: A peak in the DSC ‘curve can indicate a chemical reaction or a first-order transition]
hrture of the peak from the yirtual baseline (3.7.3) corresponds to the start of the reaction or tran

1
othermic peak
Ik in which the rate‘of flow of heat into the specimen crucible is greater than that into th
rible (3.3)

e 1 to entpyy, This corresponds to a transition which absorbs heat.

e 1 to entry: A step in the DSC curve can be caused by, for examplé;a glass transition (see Figure 2).

n simply by
a sigmoidal

each other

mperature

—

ired at the
en the two

minimum,

. The initial
sition.

e reference

Note 1 to entry: This corresponds to a transition which releases heat.

3.9.

3

peak area
area enclosed by a peak and the interpolated virtual baseline (3.7.3)

©IS
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3.9.4

peak height
greatest distance in the ordinate direction between the interpolated virtual baseline (3.7.3) and the DSC
curve during a peak

Note 1 to entry: The peak height, which is expressed in watts (W) or watts per gram (W/g) with optional use of

any Sl prefix, is not necessarily proportional to the mass of the specimen.

3.9.5

peak width

distance between the onset and end temperatures or times of a peak

3.10
character
values for {

stic temperatures, 7, and times, ¢
emperature and time obtained from the DSC curve

Note 1 to eIry: See Figure 2.

Note2toe
of temperat

— the ten]
— the ten]

The referen
temperatur

Lre:
perature at the reference position;

perature at the specimen position.

ry: For all types of DSC instrument, a distinction needs to be made between twodifferent categdries

ce position temperature is the one preferred for plotting thermograms. If the specimen position
b is used, then this information will need to be included in the test report.

Note 3 to entry: Characteristic temperatures are expressed in degrees Celsius (°C), relative temperatures|and

temperatur

Note 4 to enftry: The DSC curve can also be plotted using time, ¢, as the abscissa instead of temperature, T.

e differences in kelvins (K) and characteristic times in*seconds (s) or minutes (min) (see Figure 2).

© IS0 2023 - All rights reserved
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dQ/dt A
/Tp,m
Tim
Teic Tefc
a
Ti,g \
Tp,c
T

Key

dQ/fdt heat flow rate sossmandasesenn €Xtrapolated baseline

T temperature (or ¢, time) 00006 Lo interpolated baseline

ChaLacteristic temperatures if temperature is used as-abscissa scale (similarly, characteristic fimes apply

if tilne is used as abscissa scale)

Thelfirst subscript, or pair of subscripts, denotes the position on the DSC curve with respect to the steg or peak:

— |onset temperature T; first detectable departure of [curve from
extrapolated start baseline;

— |interpolated or extrapolated onset femperature Ty (for a peak) point of intgrsection of
interpolated virtual baseline @nd tangent
drawn at point of inflection of near side of
peak or (for a step) point of [intersection
of extrapolated start baseline pnd tangent
drawn at point of inflection of step;

— |midpoint temperatiire T/, half of the step height;

— |peak temperature T, greatest distance between |[curve and
virtual baseline during an endobthermic or
exothermic peak, i.e., peak height;

— |interpelatéd or extrapolated end temperature Ter (for a peak) point of intgrsection of
interpolated virtual baseline &#nd tangent
drawn at point of inflection of far side of
peak—or—{for-a—step}point—efintersection
of extrapolated end baseline and tangent
drawn at point of inflection of step;

— end temperature T; last detectable deviation of curve from
extrapolated end baseline.

The second subscript indicates the type of transition:

g glass transition

c crystallization

m melting

a Endothermic direction.

Figure 2 — Typical DSC curve (schematic)
©1S0 2023 - All rights reserved 7
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4 Basic principles

4.1 General

The difference between the rate of heat flow into a specimen and that into a reference crucible is
measured as a function of temperature and/or time while the specimen and the reference are subjected
to the same temperature-control programme under a specified atmosphere.

Two types of DSC can be carried out: heat-flux DSC and power-compensation DSC.

4.2 Heaf-flux DSC

The specimpen and reference positions are subjected to the same temperature-control programme by a
single heater. A difference in temperature, AT, occurs between the specimen position and the fefergnce
position b¢cause of the difference in heat capacity between the specimen and the réference. Ffom
this tempejrature difference, the difference in the rates of heat flow into the specimen and refergnce
positions i$ derived and is normally recorded against the temperature of the referénce, T, or agajnst
time.

A schematic drawing of a heat-flux DSC instrument is shown in Figure 3.

1 2
A A
3
N ar Y | A
AN

5 6
Key
1  specimgn position 6 surrounding oven
2 referenge position T,  temperature at specimen position (7T)
3 thermofcouples T,  temperature at reference position (T}..¢)
4  single Heater AT  temperature difference between specimen |and

reference positions
5 measurement €ireuit for T, T\..;and AT

F gure 3 — Schematic dingrnm illuch‘nfing the basic prinriplpc of heat-flux DSC

4.3 Power-compensation DSC

In power-compensated DSC, individual heaters are used for the specimen and reference positions.
The difference in electrical power required to maintain both the specimen position and the reference
position at the same temperature is recorded against temperature or time, while each position is
subjected to the same temperature-control programme.

For power-compensated isoperibolic calorimeters, the surrounding temperature (i.e. the temperature
of the heat sink) has to be kept constant.

A schematic drawing of a power-compensation DSC instrument is shown in Figure 4.

8 © IS0 2023 - All rights reserved
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3] 1 2 113
Tl TZ \\
A \ 4
L 6 o 7
Key
1 |specimen position T, temperature at specimen position (T
2 |reference position T, temperature at reference position (%)
3 |thermometers
4 |individual heaters
5 |measurement circuit for Tg and T ¢
6 |power compensation circuit
7 |surrounding heat sink

|

5.1

igure 4 — Schematic diagram illustrating the basic prineiples of power-compensat

Apparatus and materials

Differential scanning calorimeter, with the following features:

A symmetrical crucible holder assembly~which has holders for the specimen and
crucibles.

The capability to generate constant heating and cooling rates suitable for thg
measurements.

The capability to maintainthe test temperature constant to within £0,3 K or less for atle

The capability to carry\out step heating or step cooling.

ion DSC

reference

intended

ast 60 min.

NOTE1 Normallysthis is achieved by a suitable combination of linear heating or cooling aijd constant-

temperature regintes.

The capabilityto maintain a constant purge gas flow rate controllable to within +10 % o
of flow ratés (e.g., 10 ml-min~1 to 100 ml-min-1).

NOTEZ" The actual gas flow rate depends on the design of the instrument used.

Ver a range

f)
g)
h)

)

j)

Atemperature range in line with the experimental requirements
A heat flow rate range of +100 mW or more.

A recording device capable of automatically recording the measured curve of heat flow r
temperature and time.

ate against

The capability to measure temperature signals with a resolution of +0,1 K and an accuracy of +0,5 K

or better.

The capability to measure time with a resolution of 0,5 s and an accuracy of #1 s or bet

ter.

k) The capability to measure heat flow rates with a resolution of +0,5 pyW and an accuracy of +2 pW or

better.

© IS0 2023 - All rights reserved
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5.2 Crucibles, for the specimen and reference positions. They shall be of the same type, made of the
same material and have similar masses. They shall be physically and chemically inert to the specimen,
the calibration materials and the purge gas under the measurement conditions (see Annexes C and D).

NOTE1 Ifrequired, small variations of crucible mass can be arithmetically corrected for, if the specific heat
capacity of the crucible material is known.

Crucibles should preferably be made of a material with a high thermal conductivity, e.g. aluminium.
Ventilated crucibles should preferably be used to avoid changes in pressure during the measurement
run and to allow the exchange of gas with the surrounding atmosphere. However, for special purposes,
crucibles closed with lids or hermetically sealed crucibles can be required so that they will withstand
the overpressure arising during the measurement run.

When usirjg special high-pressure or glass crucibles, their relatively high mass and poer thermal
conductivity shall be taken into account. Recalibration of the instrument can be required.

NOTE 2  hen using high-pressure or hermetically closed crucibles, measurements areyhot necessarily
performed fit constant pressure. Hence, the constant-pressure requirement for measuring, enthalpies or care
not necessarily fulfilled.

5.3 Balance, capable of measuring the specimen mass with a resolution of+0,01 mg and an accugacy
of +0,1 mgor better.

5.4 Calibration materials, covering the temperature range of ifiterest and preferably chosen from
the list of recommended calibration materials in Annex C.

5.5 Purge gas, preferably a dry and inert gas (e.g. nitrogen-of purity 99,99 % or better), used to ayoid
oxidative dr hydrolytic degradation during testing.

For the invpstigation of chemical reactions, including-axidation, special reactant gases may be requifed.

If a gas generator is used to supply gas for purging and environmental control during testing, rather
than usingfa pressurized gas bottle purge, itissrecommended that suitable drying and filtering systems
be installegl.

6 Specimen

The speci
into the cr
The speci

en shall be in the liquid or solid state. Solid-state specimens may be in any form which|fits
cible (e.g. powder, péllets, granules, fibres) or may be cut from bigger pieces to a suitable gize.
en shall be representative of the sample being examined and shall be prepared and handled
with care. Particular care-shall be taken to avoid any contamination of the specimen. If the specimdn is
taken fron] larger pieces by cutting, care shall be taken to prevent heating, polymer orientation orfany
other effect that eah'alter the specimen properties. Operations, such as grinding, that can cause heaging
or reorienfatienyand can therefore change the thermal history of the specimen shall be avoided. [The
method of pampling and specimen preparation shall be stated in the test report.

If the specimen crucible is closed or sealed with a lid, this shall not cause any deformation of the bottom
of the crucible. Good thermal contact between the specimen and crucible and between the crucible and
holder shall be ensured.

Typical specimen masses are between 2 mg and 40 mg.

NOTE Incorrect specimen preparation can change the thermal properties of the polymers examined. For
further information, refer to Annex E.

10 © IS0 2023 - All rights reserved
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Test conditions and specimen conditioning

Test conditions

The instrument shall be maintained and operated in an atmosphere suitable for the intended test.

Unless excluded by special requirements for particular test procedures, all calibration and test
measurements shall be performed using closed, ventilated crucibles, preferably made of aluminium, to
improve reproducibility.

It isrecommended that the instrumenthe prnfpr‘fpd from air dranghfcl exposure to directs ln]ight and

abr

7.2
Spe
Unl

Car
cha

NOTI

samlple and specimens can be crucial to the values obtained, the consistency of the results and their s

8

8.1

Bef
cled
atl
for
req
Sys

NO']
leas|

Red
sign

The

ipt changes in temperature, pressure or mains voltage.

Conditioning of specimens

bss otherwise specified, specimens shall be dried to constant mass befote performing mea
e shall be taken to choose suitable drying conditions to prevent physical changes, such a
hges in crystallinity of the specimens.

E Depending on the material and its thermal history, the m¢theds of preparation and condit

Calibration

General

bre commissioning a new instrument orafter replacing or modifying essential compone
ning the measuring cell by heating'te elevated temperatures, the calorimeter shall be
bast with respect to temperatureand heat. In addition, heat flow rate calibration can b
heat capacity measurements. Reealibration of the instrument shall be carried out regu
lired calibration intervals, €ig. ‘'when the instrument is being used as part of a quality]
em.

E In many cases, the-calibration procedures are built into the instrument control software
t partly automated.

plibration of the“instrument should preferably be performed each time the test con
ificantly changed. More frequent checks may be carried out as required.

calibratien can be affected by the following:

type of calorimeter used and its stability;

cimens shall be conditioned prior to the measurement run as specified_imythe relevant material
stamdard or by a method agreed between the interested parties.

Surements.
s ageing or

oning of the
ignificance.

hts or after
calibrated
e required
arly at the
assurance

and thus at

Hitions are

heating and cooling rates;
type of cooling system used;

type of purge gas used and its flow rate;

type of crucible used, the crucible size and the positions of the crucibles in the crucible holder;

location of the specimen in the specimen crucible;
mass and particle size of the specimen;

thermal contact between the specimen crucible and the crucible holder.

© IS0 2023 - All rights reserved
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The conditions of the actual determination should therefore be specified as precisely as possible and
the calibration carried out under these conditions as closely as possible. Computer-controlled DSC
instruments may automatically correct for the effects of some of these sources of error.

The calibration shall be carried out using the same type of crucible, made of the same material, and
using the same purge gas at the same flow rate as will be used for subsequent measurements.

Calibration specimens shall be heated only slightly above their transition temperatures to prevent
reactions between the calibration materials and the crucibles.

Immediately after the measurement run, the specimens should preferably be cooled until the transition
back to theinitial state has taken place.

For most fractical measurements, where limited accuracy of calibration is sufficient, the calibrafion
procedures specified in 8.2 to 8.5 may be used. For higher accuracy requirements, the morelextenided
calibration| procedures specified in Annex A and Annex B shall be used.

8.2 Calibration materials

Preferably, certified reference materials should be used. The true temperature, T, the true hegt of
transition,| AQ,;, and the true specific heat, c, ,;, which are used for the ‘ealibration shall be those
appearing pn the certificate accompanying the reference material.

If certified|values are not available, the values given in Tables C.1, G:2 and C.3 may be used. Additignal
calibration| materials may be used provided their thermal properties are sufficiently specified. [The
calibration| materials shall not interact with the crucibles or purge'gas used (see Annex D).

For each cplibration, a fresh calibration specimen shall be(used. Any coating of oxide on the surface
of the calibiration specimen shall be removed, e.g. by freshly cutting the specimen. The position of|the
specimen ip the crucible should preferably be kept the Same to improve the repeatability of the resuylts.

To avoid mlisleading results or damage to the crucible holder, combinations of calibration and crudible
materials which are not expected to have any influence on the melting point should preferably be ysed
(see Anne} D). Combinations in which the-calibration material is expected to dissolve the crudible
material sjould be avoided.

8.3 Temperature calibration

8.3.1 Gelneral

This is the establishmend of the relationship between the temperature, T, indicated by |the
instrument and the true temperature, T, of the transition of the calibration material. The relation

T.a1= Thead t AT, orrdSWValid, where AT, .. is a temperature correction.

When usinfg calibration materials other than those listed in Annex C, only first-order transitions,|e.g.
the melting of pure substances, shall be used for calibration purposes.

NOTE True transition temperatures can be obtained from calibration material certificates, other qualified
sources or the literature.

With the calibration materials listed in Annex C, temperature calibration shall be carried out in the
heating mode only. However, correctly calibrated instruments that give consistent results in the heating
mode will not necessarily give consistent results in the cooling mode because of supercooling of the
substance during the transition in question. The symmetry of the temperature scale in the heating and
cooling mode can be checked with substances that do not supercool, e.g. liquid crystals.

8.3.2 Procedure

The following procedure describes the minimum requirements for carrying out temperature
calibration.

12 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=2dee45a2e96214f16c0248b34f6cbe31

ISO 11357-1:2023(E)

Weigh at least two calibration materials, covering the temperature range required, into crucibles,
preferably made of aluminium with an oxidized surface.

After having melted and recrystallized each calibration specimen, carry out a heating run during which
the melting peak is recorded. Perform cooling and heating runs at the same rate as will be used for
subsequent measurements.

For each melting peak measured, determine the extrapolated peak onset temperature,
Figure 2), using the interpolated virtual baseline between peak onset and peak end.

Toim (see

For each calibration material, i, obtain the temperature correction, ATr"nrr by subtracting the

extrapolated peak onset temperature, Teii’m from the true transition temperature, Tcial .SeeBprmula (1):

=TL, -T! (1)

cal ei,m

A'FCIOI‘I'

Then, correct the temperature scale of the instrument, by linear interpolation of the tgmperature
corfrection within the temperature range covered by the calibration materials-used, in accordance with

Formula (2):

1
1 2 1 T—Teal
ATCOI‘I‘ (T) = ATCOI‘I‘ + (ATCOI‘I‘ - ATCOIT )X 2 Cal (2)
cal _Tcal
whére
ATL  AT2 are the temperature corrections for the two calibration materials;
corr’ corr
Tl 72 are the true transition températures of the two calibration materials.

cal » “cal

In ¢rder to keep errors caused by deviation from linearity of the temperature correctfion versus
tenperature relationship small, it is recommended that the temperature range covered by the two
calipration materials be kept as smallkas’possible. If bigger temperature ranges are required/ more than
twd calibration materials should be‘used.

NOTE1 Ifmore than two calibration materials are used, it is possible to use a polynomial interpolation.
NOTE 2  The temperature correction can be performed automatically by some instruments.

Thif calibration procedure is dependent on the heating rate and shall be performed for edch heating
ratg.

8.313 Accuracy of calibration

The accuracy of this temperature calibration procedure is expected to be better than +0,8 K provided
the[temperature difference between the calibration materials does not exceed 50 K and there is no
iati i i Bi i ignifi deviations

on aVaa ne a /\ o 2iTa¥ava aVaaha¥a aWa arancao nd an a

A more precise method of temperature calibration taking into account the effect of heating rate and
sample mass is specified in Annex A.

8.4 Heat calibration

8.4.1 General

This procedure establishes the relationship between the heat, AQ,, measured by the instrument

t
(AQm :J 2 3—fdt), which is proportional to the area between the DSC curve and the virtual baseline,
51

©1S0 2023 - All rights reserved 13


https://standardsiso.com/api/?name=2dee45a2e96214f16c0248b34f6cbe31

ISO 11357-1:2023(E)

and the true heat, AQ,,, absorbed or released by the specimen as a result of a transition. The relationship
AQy = Ky(T) x AQ,, is valid, where K, (T) is a temperature-dependent calibration factor.

For calibration materials, AQ,, is equal to AQ,.

8.4.2 Procedure
The following procedure describes the minimum requirements for carrying out heat calibration.

For heat calibration, the same measurements can be made as those made for temperature calibration.

Carry out 4 heating run with one material, preferably indium.

Draw the linear virtual baseline (see Figure 1) and obtain the specific heat of melting from(the grea
between the DSC curve and the virtual baseline, using Formula (3):

T
160 (Tim d(AQ) .

Adm =| - 5, a (3)
where

Agq,, is the specific-heat change, AQ,,/m;

m is the mass of the calibration specimen;

B is the heating rate;

d(AQ)| is the difference in heat flow rate between the DS€ curve and the virtual baseline;

T is the temperature of the calibration spe¢imen.

The heat cplibration factor, K, is obtained by.dividing the true specific heat of the transition of|the
calibration/ material, Aq_,;, by tQhe measured specific transition heat, Aq,, See Formula (4):

Ko =Mca / Adpy (4)

8.4.3 Acfuracy of calibration

The accur:lcy of this method is1ot expected to be better than +2,5 % for indium. Due to the dependgnce
of the calibration factor on-the mass and thermal conductivity of the specimen and on heating 1fate,
peak shap¢ and temperatufe, this can deteriorate to 10 % and even beyond[111[12],

An extenddd, moreprecise, method of heat calibration taking into account the effect of heating rate and
sample mafs is specified in Annex B.

8.5 Heatflowrateealibration
8.5.1 General

This procedure establishes the relationship between the heat flow rate, (dQ/dt),,, measured by the
instrument and the true rate of flow, (dQ/dt),,, of the heat absorbed by the specimen due to its heat
capacity, ¢, the heating rate, f, and the specimen mass, m, which is expressed in Formula (5):

c,XBxm
do/dt),. =P — 5
(dQ/dt)y, 50 (5)
The relationship (dQ/dt), =K(qq/dar)(T)x(dQ/dt)y, is valid, where Ky/q4(T) is a temperature-
dependent calibration factor.

14 © IS0 2023 - All rights reserved
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The heat flow rate calibration shall be carried out for measurements of specific heat and changes in
specific heat at the glass transition temperature, T.

For calibration materials, (dQ/dt),, is equal to (dQ/dt) .

8.5.2 Procedure

Heat flow rate calibration may be performed with corundum (synthetic sapphire) or another material
which has a well-confirmed heat capacity in the temperature range of interest. The heat capacity of
sapphire is given in Annex C.

Chdose the mass of the calibration specimen such that the heat capacity of the calibratio$ specimen
matches that of the actual specimen as closely as possible. Use crucibles of the same typé and of masses
which are as similar as possible for empty runs (carried out with an empty crucible);and calibration
spefimen measurements.

Subject the calibration specimen and the empty crucible to the same temperatufe programnpe, which is
divided in three segments (see Figure 5):

— |isothermal starting lines for calibration specimen measurement, {d@’/ dt);s, s and the pmpty run,
0
(dQ/dt)iso,st ;

— |a dynamic segment (heating rate preferably 10 K/min, duration preferably between 10 min and
30 min) for calibration specimen measurement, (dQ/dt)S@nd the empty run (dQ/dt)%;

— |isothermal ending lines for calibration specimen measurement, (dQ / dt)isso,end and the pmpty run,
0
(dQ/dt)iso,end .

Theisothermal segments shall be long enoughfor steady-state conditions to be reached (gengrally after
2 mfin to 5 min).

© IS0 2023 - All rights reserved 15
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[dQ/dt) iso,end % %
0
(dQ/dt)isoend ~ e 4
(§Q/dt)isost — A T T__J 5//
0
(dQ/dt)iso,st 4/ 3 2
zl:St tend t
Key
1  calibrafion specimen run T temperature
2 empty fun d@/dt heat flow rate
3 quasi-dtationary range b time
4 isothenmal startlines a Endothermic direction.
5 isothermal end lines
Figure 5 — DSC€ curves for heat flow rate calibration
In the qugsi-stationary range‘of the dynamic segment, the corresponding heat flow rate values
measured for the calibration specimen and the empty run are evaluated in accordance with Formuld (6)
and are mdnitored against temperature to obtain the calibration function, K445 (T):
c;al (TIxBxmeyy +c, (TIxBx(mg—m,)
K (T)= = s (6)
(dQ/dz)) s s
(d_QY _ (d_Q \S 4 dt iso,end dt iso,st X(f_fu YL
\de ) [Udt Jisost Cend —Cst
60x ~ "
(Gl ]
0 0 T |
d d dt ); dt );
(_Q) _ (_Q) " iso,end iso,st 5 (t _ tst )
dt de iso,st Cond —Lst
where ) ]
ceal qer are the specific heat capacities of the calibration and crucible materials, respectively;
p’"p
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B is the heating rate;

Meap

respectively.

From Figure 5, it can be seen that Formula (6) can be rewritten as:

C[C)al (T)Xﬁxmcal +C;C)r (T)Xﬁx(ms _mr)

60x[A(dQ /dt)* —A(dQ/dt)°]

K(ag/a)(T)=

9

9.1

9.1

Swiltch the instrument on at least 1 h prior to any calibration or testing o)allow it to reach s

con

9.1

Unl
iner

Procedure
Setting up the apparatus

1 Switching on

ditions.

2 Purge gas

bss excluded by special requirements, perform measurements while purging the instry
t gas (e.g. N,, He or Ar). The instrument shall be calibrated with the same purge gas t}

mg, m,  are the masses of the calibration specimen, specimen crucible and reference crucible,

(7)

eady-state

ment with
hat is to be

usef for actual measurements.

9.1)]3 Experimental conditions

The experimental conditions (e.g. heating-rate, specimen mass) used will depend on the thermal
effect to be investigated and are described-in the appropriate parts of ISO 11357. Other experimental
parpmeters may be used if prescribed(in relevant material or product standards or speciflications or
agreed between the interested parties:

9.14 Baseline determination

Plage empty crucibles of the Same nominal mass at the specimen and reference positions in the crucible
holdler. Adjust the expérimental conditions to those which will be used for the actual mgasurement
run| The recorded DSE curve (i.e. the instrument baseline) should be close to a straight lifie over the
reqpired temperature range. If significant baseline curvature is observed, check the cruciblg¢ holder for
confamination,

NOTE With computer-controlled instruments, any remaining curvature can be corrected for by[subtracting
the Instrument baseline from the DSC curve.

When=a reasonably straight line cannot he obtained, record the DSC curve after confirming its
repeatability.

9.2 Loading the specimen into the crucible

9.2.1 General

Do not handle sample material or crucibles with bare hands. Use either tweezers or gloves.

9.2.2 Selection of crucibles

Use only clean crucibles of volume and material appropriate for the intended measurements.

OIS 17
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Unless excluded by the particular type of test, use closed, ventilated crucibles to obtain quantitative
results and to allow sufficient contact with the purge gas. The crucibles shall be such that they will
not become deformed during loading and closing so that good thermal contact is ensured between the
specimen and the instrument.

Select two identical crucibles, one for the specimen and one (normally empty) as the reference crucible.

9.2.3 Weighing the specimen crucible

Weigh the specimen crucible, together with its lid, to the nearest 0,01 mg.

9.2.4 Lopding the specimen

Load the specimen into the specimen crucible. The specimen mass will depend on the thermal efffect
being invegtigated and is specified in more detail in the relevant part of ISO 11357.

NOTE In the case of transitions and reactions of filled or reinforced materials, thé*specimen mags is
considered fo be the polymer fraction of the material which contributes to such thermal effects.

If necessarly, homogenize the sample to be investigated to obtain a representative specimen.

9.2.5 Determination of the mass of the specimen

Weigh the frucible containing the specimen and calculate the mass_ofthe specimen by subtracting|the
mass of th¢ empty crucible determined in 9.2.3.

The specimen under investigation should preferably not confain volatile substances, which should be
eliminated|by appropriate conditioning. However, it should\be taken into account that conditioning|can
change the specimen by inducing chemical reactions, remioving volatile substances, ageing or changing
the morphplogy or crystallinity. If volatile substancés-are an important part of the specimen under
investigatipn, gas- and pressure-tight crucibles or apressure DSC instrument should be used.

9.3 Insertion of crucibles into the instrument

Loading of|the specimen and reference‘erucibles should preferably be carried out at, or slightly abpve,
room templerature (max. 50 °C) to preyent condensation of moisture on or inside the crucibles. Unfless
crucibles afre loaded by an automatic Specimen changer, use tweezers or another suitable tool to inpert
the crucibles in the crucible holder, checking that there is good thermal contact between the cruciples
and the crycible holder. Do nettse bare hands. After loading the crucibles, close the cover of the crudible
holder, if itlhas one.

the

ooling rates.

starting temperature or time. Such transient effects are larger with higher heating or c
9.4.2 Scanning mode

9.4.2.1 Preparing the instrument

Programme the instrument and set the experimental parameters to carry out the required thermal
cycle(s). Two types of programme can be used: continuous or stepwise heating or cooling.

9.4.2.2 Starting the measurement run

Start the temperature programme and record the heat flow rate data for subsequent evaluation.
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Since DSC measurements on polymers are greatly affected by the thermal history and morphology of
the specimen, it is recommended that the heating or cooling run be carried out twice. The first run
reflects the as-received state and is performed beyond the melting or glass transition where the
material reaches thermal equilibrium. The second run is carried out after cooling the specimen at a
specified rate to erase prior thermal history and thus allows comparison of material properties. The
intermediate cooling run reveals information about nucleation and crystallization of the material (see
Annex E for further information).

With reactive systems, the first run provides information on the curing process. Depending on the level
of cure achieved, subsequent runs reveal information about the material in its cured or partially cured

sta

o

9.4

Aftg
tak

9.4

Pro
the

9.4

9.4

Dep
spe

9.4

9.4

Inty

at, ¢r slightly above, room temperature (max. 50 °C) and bring the instrument to the requir

tem

9.4

2.3 Unloading the specimen

br finishing the measurement run, bring the crucible holder back to the loading tempe]
e out the crucible containing the specimen.

2.4 Processing of data

cess the recorded data in accordance with the instrument manufacturer's instructio
'mal effects under investigation.

3 Isothermal mode

3.1 General

ending on the type of instrument used, two different isothermal procedures are availab
cimen being introduced at room temperatureor at some other specified temperature.

3.2 Specimen introduced at room téemperature

3.2.1 Loading the instrument

oduce the crucible containing the specimen and that serving as reference into the crug

perature as rapidly as paossible.

3.2.2 Startingthe' measurement run

rature and

hs and the

e, with the

ible holder
bd starting

Maintaining the(temperature at this value, record the DSC curve as a function of time. Contirjue the run,

wit

trapsitionias’finished and a stable baseline is obtained. Record the heat flow rate data for

eva

h the testeonditions unchanged, until at least 5 min after the endothermic or exothermic

uation:

reaction or
ubsequent

9.4.372:3Unioading the Instrument

Bring the instrument back to the loading temperature and remove the specimen crucible.

9.4.3.2.4 Data processing

Process the recorded data in accordance with the instrument manufacturer's instructions and
according to the thermal effects under investigation.

©IS
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9.4.3.3 Specimen introduced at a temperature other than room temperature

9.4.3.3.1

Preparing the instrument

Set the instrument to the specified measurement temperature and allow it to reach steady-state

conditions.

9.4.3.3.2

Loading the specimen and carrying out the measurement run

Introduce the crucible containing the specimen and that serving as reference into the crucible holder

at this te

time. To re
during wh
and a stab]

9.4.3.3.3

Bring the i

9.4.3.3.4

Process th
according 1

9.5 Post-run checks

uce uncontrolled transient changes in the temperature of the crucible holder, keep the
ch the crucible holder is open as short as possible. Continue the run, with the test condit
, until at least 5 min after the endothermic or exothermic reaction or transitionhas’finis

baseline is obtained again. Record the heat flow rate data for subsequent evaluation.

Unloading the specimen

hstrument back to the loading temperature and remove the specimen-crucible.

Data processing

e recorded data in accordance with the instrument)manufacturer's instructions
o the thermal effects under investigation.

9.5.1 Ch

Reweigh the crucible containing the specimen after the test. If any loss in mass is observed, this

create an

9.5.2 Ins

If any unex
carefully. I

The re-use
unambiguc
no residua
then crucil

9.5.3 Checkingof crucibles and crucible holder

ck for loss in mass

dditional thermal effect or perturbed-the instrument baseline.

pection of specimens

n of
ime
ons
hed

and

can

pected chemical change-is.suspected, open the specimen crucible and inspect the specifen

o not use damaged crucibles for any further measurements.

of crucibles is notrecommended. However, in exceptional circumstances, when it has b
usly demonstrated that there is no interaction between the specimens and the crucibles,
contamination’is left on removal of the specimen and that the crucibles are not dama
les may be\re-used. Their re-use shall be reported in the test report, however.

ha“thaciyaan cruoibhla +0 chacly £or oy changn of Tocation vaithiey tha crnaihls holdase

een
fhat
bed,

Examine t

TC—Spermmre ot rorc—to—Ccrrc I TroTr—orT oS C o TotTTroT— vy rerrir e et ro troTe oo e T

any

deformation of the crucible or any overflow of specimen material. If any of these has occurred, repeat
the measurement run.

If the crucible holder has been contaminated from specimen overflow or condensed volatile substances,
clean it in accordance with the manufacturer's instructions and recalibrate it.

10 Test report

The test report shall include the following information:

a) arefer

ence to the relevant part of the ISO 11357 series, including its year of publication;

b) all information necessary for complete identification of the material examined;

20
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the type of DSC instrument used (heat-flux or power-compensated), as well as the instrument

model and manufacturer;
the type of crucible used, the crucible material and, when necessary, the mass of each cr

the purge gas used, its purity and the flow rate used;

ucible;

the type of calibration procedure used (simple or extended) and details of the calibration materials

used, including source, mass and other properties important for calibration;

details of sampling, specimen preparation and conditioning, if applicable;

the shape and dimensions of the specimen, if applicable;
the mass of the specimen;
the thermal history of the sample and the specimen;

the temperature programme parameters, including the time and temperature of isothd
and the rate of dynamic steps;

the change in mass, if any, of the specimen during the test;
the test results, including the DSC curves obtained;

any additional information, including details of any<{deviations from the procedur
operations not specified in the relevant part of ISO 13357 which can have had an influg
results;

the date of the test.

rmal steps

e and any
nce on the
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Annex A
(normative)

Extended, high-precision, temperature calibration[12]

The extended temperature calibration shall be used if one or more of the following are required:

aprec

the ind
the ind

Two specir
required, v

made of al@iminium with an oxidized surface.

For each h
be melted
melting pe

For each p|
interpolatg

For each cg

heating rafle and extrapolate the plot in a straight line tg;the heating rate f = 0 K/min (see Figure A.

Determine
temperatu
Formula (A

sion higher than #0,8 K over a temperature range of 50 K;
lusion of the effect of heating rate in the calibration procedure;
lusion of the influence of specimen mass in the calibration procedure.

hens of each of at least three different calibration materials covering therxtemperature ra
ith masses, m, of approximately 3 mg and 10 mg, shall be weighed into crucibles, prefer

bating and cooling rate, f = 1 K/min, 5 K/min, 10 K/min and 20.K/min, the specimen s
and recrystallized and then subjected to a heating run at the same rate, during which
hk shall be recorded.

eak, determine the extrapolated peak onset temperature, T ., (see Figure A.2), using
d virtual baseline between peak onset and peak end:

libration material and each mass, plot the extrapelated peak onset temperatures againsf

re thus determined, T, as show

1) (see Figure A.1):

p = 0), from“the true transition temperature, T,

i,m( al’

AT,

corr

Plot the te
onset temy
shown in F

T,

cal,m) =Teal

_Tei,m (B=0)

mperature correction tepms determined by this procedure against the extrapolated p
eratures, T,; .,(B = 0], to give the temperature dependence of the temperature calibratio
prmula (A.2) (see Figure A.2):

AT,

corr

NOTE ’

T,m)=f[Tcal _Tei,m(Tcal'm'ﬁ :0)]

automatica

If wider te

y by Seme instruments.
rature ran rer ired, itis preferable t more than thr libration materi

nge
hbly

hall
the

the

the
1).

the temperature correction, AT, ..(T.4 m), by subtracting the extrapolated peak opset

h in

A1)

eak
h as

\.2)

'he temperature correction with respect to the heating rate and/or temperature is njade

hls.

The accuracy of this temperature calibration procedure would be expected to be better than +0,3 K
over a temperature range from 25 °C to 330 °C[13],

22

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=2dee45a2e96214f16c0248b34f6cbe31

ISO 11357-1:2023(E)

T (°C) A
235

__—

234

\
\

.
Tm(5=0) 233 =

1 ==
Tem($=0) =]
LO4L
Tcal
231 -
0 - £ 5 10 15 20 g (K:min™)
S ~NO
< <
Key
T temperature
B heating rate
Tl true transition temperature of calibratioh material (tin)
Tl (B=0) T2 (=0) peak onset temperatures extrapolated to zero heating rate for 3 mg and 10 mg
eLm ’Term specimen masses, respectively
1 2 temperature corrections for 3 mg and 10 mg specimen masses, respectively
A TC T’ A TCOIT

Figure A.1 — Determination of temperature correction from plots of extrapolated p¢ak onset
temperature versus heating'rate using tin as calibration material
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Figure A.2 — Temperature calibration function obtained with gallium, indium and tin
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Annex B
(normative)

Extended, high-precision, heat calibration

The extended heat calibration shall be used if one or more of the following are required:

— aprecision higher than +2 %;
— the indlusion of the effect of heating rate in the calibration procedure;
— the indlusion of the influence of specimen mass in the calibration procedure.

For each of the peaks obtained as specified in Annex A, draw a linear virtual baselinie (see Figurf 1)
and deternpine the heat of melting from the area between the DSC curve and the virtual baseline ufing
Formula (3) (see 8.4.2). Figure B.1 shows a heat calibration function obtained using gallium, indium pnd
tin.

K, A

Q
1,02

1,01 N\

1 i \\\\ “ %

0,99 N A

0,98 -
0 505 100 150 200 250 T (°C)

Key
heat ¢alibration factor, depéndent on calibration material, specimen mass and heating rate

'ﬂ@k

tempprature
—— calibgation curve faf)specimen mass of 3 mg and heating rate of 1 K/min
— — calibgation curye for specimen mass of 10 mg and heating rate of 1 K/min

Figure B.1 — Heat calibration function determined with gallium, indium and tin

The individual heat calibration factors, K, are obtained by division of the true specific heats of
transition, Aq.,, by the measured specific heats of transition, Aq,, of the respective calibration
materials as shown in Formula (B.1):

KQ (Tcal'm'ﬁ)qucal / Aqy, (Tcal'm'ﬁ) (B.1)

where T, is the true transition temperature of the calibration material.
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The heat calibration factors are plotted against temperature to obtain the heat calibration function
represented by Formula (B.2) (see Figure B.1):

Ko(T,m,B)= f[Aqca / Aqm (Tear,m, B)] (B.2)

If the dependencies on heating rate and/or mass are not negligible, these will have to be determined
separately.

The accuracy of this procedure would be expected to be better than +0,5 %lél,
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Annex C
(informative)

Recommended calibration materials

C.1 Calibrationoftemperature and-enthalpy
Table C.1 dontains some recommended materials that may be used for the calibration of temperature
and enthalpy.
Table .1 — Transition temperature, heat of transition and type of transitionfor various
recommended calibration materials[41[61[14][15][16][17]
Matprial temperature | transition | transition Retnarks
°C J.g!
Cyclopentane - 155,77 69,60 solid - solid |Measure iwa hermetically sealed crucible oply.
Cyclopentan ~135,09 491 solid - solid irﬁtér&(;lgzt.e as a liquid and reweigh to determjine
Cyclopentane -93,43 8,63 solid - liquid
Mercury - 38,834 4b 11,469 solid - liquid
Water 0,002 — solid - ligtid | Not suitable for heat calibration.
Gallium 29,764 6b 80,07 solid -Yiquid |Melt reacts with Al
Allow for strong supercooling.

Phenyl salicylate 41,79 89,5 solid - liquid
4-Nitrotolugne 51,61 — solid - liquid |Not suitable for heat calibration.
Biphenyl 68,93 120,6 solid - liquid
Naphtalene 80,23 147,6 solid - liquid
Benzil 94,85 110,6 solid - liquid
Acetanilide 114,34 161,2 solid - liquid
Benzoic acid| 122,3523 — solid - liquid |Not suitable for heat calibration.
Diphenylacefic acid 147,19 146,8 solid - liquid
Indium 156,598 5P 28,62 solid - liquid
p-Anisic acig 183,28 — Not suitable for heat calibration.
2-Chloroanthraquinone./|209,83 — Not suitable for heat calibration.
Tin 231,928b 60,38 solid - liquid |Melt reacts with Al
Carbazole 245,80 — solid - liquid |Not suitable for heat calibration.
Bismuth 271,402 53,18 solid - liquid |Melt reacts with Al.
Anthraquinone 284,52 — solid - liquid |Not suitable for heat calibration.
Cadmium 321,0692 55,25
Lead 3274623 23,08 solid - liquid
Zinc 419,527b 108,09 solid - liquid

b Defining point of ITS-90

a Secondary point of ITS-90
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Material Transition Enthal_p_y of Typ(_e (.)f Remarks
temperature transition transition
°C ].g—l
Lithium sulfate 578,28 228,1 solid - solid |Anhydrous compound is hygroscopic: weigh
in as Li,SO4-H,0. Dehydration starts at 110 °C
with brisk movement of the particles in the
crucible. High water vapour pressure (do not
use hermetically sealed crucibles). Reweigh
after measurement run to determine the mass.
Antjrromty 630,628 162555 sotid=tquid
Aluminium 660,323b 399,87 solid - liquid |Melt reacts strongly with Pt.

Secondary point of ITS-90
Defining point of ITS-90

For

Cer
NIS

Do

C.2

C.2

Typically, a-alumina or copper are used for thé calibration of specific heat capacity. I

mat

Thd
cop
fou

C.2
The

appllications as it is little(affected by impurities at low levels.

The

apprroximated bysFormula (C.1):

other suitable calibration materials, refer to the recommendations of ICTACY, GEFTA?) 4

Lified calibration materials can be obtained from national metrological institutes (e.g
T, LNE, NMIJ), instrument manufacturers or other qualified sources.

hot re-use calibration materials that have, or might have, reacted with the crucible mater

per with Formula (C.2) is approximately 0,1 %. A more detailed examination of uncertair
nd in Reference [15].

Calibration of heat flow ratel151[18][19]

1 General

erials such as benzoic acid, Polystyrene, melybdenum can be used [13],

average uncertainty of the heat capagities calculated for a-alumina with Formula (C

2 a-aluminal15][18]

use of a-alumina, also known as corundum or synthetic sapphire, is preferred for gener

molar heat capacity values of a-alumina (corundum, synthetic sapphire) in Tab

nd NIST3).

LGC, PTB,

ial.

h addition,

1) and for
ties can be

al purpose

le C.3 are

7
az
Cpm =ty +ay (T)+—2+ Y a, (T)" (€.1)
(T)” =3
wheére
Cypm is the molar heat capacity of a-alumina at constant pressure, in units of J-K~!-mol!;
are the polynomial coefficients given in Table C.2 for the calculation of the molar heat
o.-- 47 capacity with Formula (C.1);
T is the temperature, in units of K.
1) International Confederation for Thermal Analysis and Calorimetry (ICTAC): http://www.ictac.org
2) Gesellschaft fiir Thermische Analyse e.V. (GEFTA): http://www.gefta.org
3) National Institute of Standards and Technology (NIST): http://www.nist.gov
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