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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
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mentar, in_faison with 150, also take part in the Work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.

sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting! ‘RPublication as
| Standard requires approval by at least 75 % of the member bodies castinga vote.

drawn to the possibility that some of the elements of this document ndaybe the subject of pg
shall not be held responsible for identifying any or all such patent rights:

b was prepared by Technical Committee 1ISO/TC 61, Plastics; Subcommittee SC 5, Phys
pperties.

i edition cancels and replaces the first edition (ISO 14357-6:2002), which has been techni
e most important changes in the revision are the following:

mic OIT method, i.e. the measurement of oxidation, induction temperature, has been included;
v possible to perform measurements in air as-well as in oxygen;

ge of specimen sizes has been narfewed and specimen size has been redefined in term
ss instead of mass;

sibility of making single-point reutine measurements with reduced accuracy has been included
bls and replaces ISO/TR #0837:1991.

consists of the following’ parts, under the general title Plastics — Differential scanning calorini

General principles
Determination of glass transition temperature

Determination of temperature and enthalpy of melting and crystallization
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Part 4:

degree

Determination or specific heat capacity

of conversion

(dynamic OIT)

Part 7:

Determination of crystallization kinetics

Part 5: Determination of characteristic reaction-curve temperatures and times, enthalpy of reaction and

Part 6: Determination of oxidation induction time (isothermal OIT) and oxidation induction temperature

In this corrected version, the sixth paragraph in the Foreword has been modified to reflect the fact that the
second edition replaces not only the first edition but also ISO/TR 10837:1991, Determination of the thermal
stability of polyethylene (PE) for use in gas pipes and fittings.
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Introduction

It should be noted that the measurement of oxidation induction time or temperature described in this part of
ISO 11357 provides a tool to assess the conformity of the material tested to a given formulation of plastics
compounds, but it is not intended to provide the concentration of antioxidant. Different antioxidants may have
different oxidation induction times or temperatures. Due to interaction of the antioxidant with other substances

in the formutation, different oxidation induction times or temperatures may resuit even with products having

the pame type and concentration of antioxidant.

© 1SO 2008 — All rights reserved \"
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INTERNATIONAL STANDARD ISO 11357-6:2008(E)

Plastics — Differential scanning calorimetry (DSC) —

Part 6:
Determination of oxidation induction time (isothermal OIT) and

oxidation induction temperature (dynamic OIT)
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FETY STATEMENT — Persons using this document should be familiar with-hormal

pciated with its use. It is the responsibility of the user to establish appropriate safety
ctices and to ensure compliance with any regulatory requirements.

Scope

rimetry (DSC). It is applicable to polyolefin resins that arejin a fully stabilized or compounded
Bw materials or finished products. It may be applicable-to other plastics.

Normative references

rences, only the edition cited applies: For undated references, the latest edition of the
iment (including any amendments)) applies.

293, Plastics — Compression-moulding of test specimens of thermoplastic materials

294-3, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 3: S

472, Plastics — Voeabulary

Cimens and, détermination of properties

1873=2;" Plastics — Polypropylene (PP) moulding and extrusion materials — Part 2: Prepar:
Cimens and determination of properties

laboratory

Ctice, if applicable. This document does not purport to address all of the &afety concerns, if any,

and health

part of ISO 11357 specifies methods for the determination~of/oxidation induction time (isothermal OIT)
oxidation induction temperature (dynamic OIT) of polymeri¢: materials by means of differential scanning

form, either

following referenced documents are (indispensable for the application of this document| For dated

referenced

mall plates

1872-2, Plastics — Polyethylene (PE) moulding and extrusion materials— Part 2: Prepargtion of test

htion of test

ISO 8986-2, Plastics — Polybutene (PB) moulding and extrusion materials — Part 2: Preparation of test
specimens and determination of properties

ISO

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

1) To be published. (Revision of ISO 11357-1:1997)
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in 1ISO 472 and ISO 11357-1 and the
following apply:

3.1

oxidation induction time (isothermal OIT)
relative measure of a stabilized material’s resistance to oxidative decomposition, determined by the
calorimetric measurement of the time interval to the onset of exothermic oxidation of the material at a
specified temperature in an oxygen or air atmosphere, under atmospheric pressure

NOTE If is expressed in minutes (min).

3.2

oxidation induction temperature (dynamic OIT)

relative mgasure of a stabilized material’s resistance to oxidative decomposition, detérmined by | the
calorimetrid measurement of the temperature of the onset of exothermic oxidation ofcthe material when

subjected tq

NOTE |
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4.2 Oxidation induction time (isothermal OIT)

The specim

General

a specified heating rate in an oxygen or air atmosphere, under atmospheric_pressure

is expressed in degrees Celsius (°C).

ple

" which, or the temperature up to which, an antioxidant stabilizer system present in a test speci
ation is measured while the specimen is held isathermally at a specified temperature or heatg
ate in an oxygen or air atmosphere. The oxidation induction time or temperature is an assessr

duction times; faster heating rates willxfesult in higher oxidation induction temperatures.

duction time and temperature are alsg.dependent on the surface area of the specimen avail
n. It should be noted that tests carried-out in pure oxygen will result in a lower oxidation indug
berature than tests performed undernormal atmospheric-air conditions.

h. Caution should be exerciged-in data interpretation, however, since oxidation reaction kinetics are a fun
Fe and the inherent properties of the additives contained in the sample. For example, oxidation induction
Fe results are often used.te’select optimum resin formulations. Volatile antioxidants or differences in activ
pxidation reactions-may generate poor oxidation induction time or temperature results, even though
may perform adequately at the intended temperature of use of the finished product.

en and-a reference material are heated at a constant rate in an inert gaseous environment (a

of nitrogen)

men
d at
hent

(or degree) of stabilization of the material tested. Higher test temperatures will result in shorter

The
able
tion

'he oxidation induction time or'temperature can be indicative of the effective antioxidant level present in the

ction
time
htion
the

flow
r air

When the specified temperature has been reached, the atmosphere is changed to oxygen o

otk rat
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tive

reaction is displayed on the thermal curve. The isothermal OIT is the time interval between the initiation of
oxygen or air flow and the onset of the oxidative reaction. The onset of oxidation is indicated by an abrupt
increase in the specimen’s evolved heat and may be observed by a differential scanning calorimeter (DSC).
The isothermal OIT is determined in accordance with 9.6.1.

4.3 Oxidation induction temperature (dynamic OIT)

The specimen and a reference material are heated at a constant rate in an oxygen or air atmosphere until the
oxidative reaction is displayed on the thermal curve. The dynamic OIT is the temperature of the onset of the
oxidative reaction. The onset of oxidation is indicated by an abrupt increase in the specimen’s evolved heat
and may be observed by a differential scanning calorimeter (DSC). The dynamic OIT is determined in
accordance with 9.6.2.

© 1SO 2008 — All rights reserved
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5

5.1

See

ISO 11357-6:2008(E)

Apparatus and materials

General

also ISO 11357-1:—, Clause 5.

Subclauses 5.5 to 5.8 shall be followed as applicable (Subclauses 5.7 and 5.8 are required only for oxidation
induction time measurements).

5.2

DSC instrument

The)
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tem

For
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5.5
The)

WA
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usiing or containing oxygen.

5.6

perature over the duration of the test, typically 60 min.

inter:tded application of the material being tested. Polyolefins usedsin the wire and cable industry typically reqy

DSC instrument shall be able to achieve a maximum temperature of at least 500 °C.\For oxidation

ction time measurements, it shall be capable of maintaining an isothermal stability of ¢,'0,3 °C

high-precision measurements, an isothermal stability of + 0,1 °C is recommended.

Crucibles

E The composition of the crucible material can influence the. oxidation induction time or temperaty

b at the test

cimens shall be placed in open or closed ventilated crucibles that_allow unperturbed contact with the
ounding atmosphere. Preferably, crucibles should be made of aluminium. Crucibles made
matgrials may be used by agreement between the interested parties,

of different

re test result

ficantly (that is, including any associated catalytic effects). The type of containment system used depends on the

inium crucibles whereas, for polyolefins used in geomembrane and vapour-barrier film applications, or]
bles are used.

Flowmeter
gas flow calibration, a flow rate medsuring device such as a rotameter or soap-film flowme

 together with a flow-adjusting valve: Mass flow controlling devices shall be calibrated agains
lacement device.

Oxygen

oxygen used shall.beof 99,5 % ultra-high-purity grade (extra dry) or better.

ire copper or
ly aluminium

ter shall be
t a positive-

RNING — The 'use of pressurized gas requires safe and proper handling. Furthermore, ¢xygen is a

ng oxidizer that accelerates combustion vigorously. Keep oil and grease away from

Air

equipment

The

5.7

The

5.8

pressurized air used shall be dry and free of oil and grease.

Nitrogen

nitrogen used shall be of 99,99 % ultra-high-purity grade (extra dry) or better.

Gas-selector switch and regulators

The DSC apparatus used for oxidation induction time measurements needs to be switched between nitrogen
and oxygen or air. The distance between the gas-switching point and the instrument cell should preferably be

© 1SO 2008 — All rights reserved
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kept as short as possible, with a dead time of less than 1 min, to minimize the switching volume. Accordingly,
for a flow rate of 50 ml/min, the dead volume would have to be less than 50 ml.

NOTE

Increased precision can be obtained if the dead time is known. One possible means of determining dead time

is to carry out a test using a non-stabilized material which will oxidize immediately in the presence of oxygen. The
induction time from this test will provide a correction for subsequent OIT determinations.

6 Test specimens

6.1 Gen

See ISO 11

Specimens
show any b

lower thickr

6.2 Sped

Following |9
for PP or
complying
suitable thig
relevant prq
hole cutter
the sample
to increase

g
N

NOTE
from sheet W

6.3 Sped

Specimens
prepared in
for PE, I1ISO|
a disc of dig

357-1:—, Clause 6.

shall have a constant thickness of (650 + 100) um and parallel surfaces, shall be flat‘and shal
rrs or scars.

epending on the material and its process history, dimensions and service conditions; the methods of sa
preparation may be crucial to the consistency of the results and their significancey In addition, the surfa

ents of the OIT profile across the specimen thickness are required, specimens of significa
ess than 650 ym may need to be used. This shall be noted inthe test report.

imens from compression-moulded plates

BO 293 or any other relevant polyolefin product standard such as ISO 1872-2 for PE, ISO 18]
SO 8986-2 for PB-1, the test sample shall be' compression-moulded into sheet of thicknd
vith 6.1 to yield consistent specimen morphology and thickness. Alternatively, a specime
kness can be cut from a thicker compression-moulded plate. If no heating time is specified in
duct standard, heating at the moulding.temperature shall be limited to 5 min. Preferably, a b

crucible. Specimen discs shall be‘'small enough to lay flat in the crucible and shall not be stag
mass.

pecimen mass will vary depending on disc diameter. For a typical diameter of 5,5 mm, specimen disc
Il have a mass of approximately 12 mg to 17 mg, depending on the density of the material.

imens from injection-moulded plates or melt flow extrudates

may also be\ obtained from injection-moulded samples of thickness complying with 6.1,
accordance'with 1ISO 294-3 or any other relevant polyolefin product standard such as I1ISO 18]
1873-2:for PP or ISO 8986-2 for PB-1. Preferably, a bore-hole cutter should be used to punch
meterjust less than the inner diameter of the sample crucible.

not

mple
te to
and

ntly

[ 3-2
ess
h of
the
ore-

should be used to punch out from the'plate a disc of diameter just less than the inner diametgr of

ked

5 cut

e.g.

(2-2
out

Specimens can also be cut from melt 1low mdexer extrudates. In this case, the specimen snall be cut
perpendicular to the extrudate length. A visual inspection of the specimen shall be performed to ensure that it
is free of voids. Preferably, a microtome should be used to cut specimens to a constant thickness of

(650 + 100)

pm.

6.4 Specimens from finished parts

Examples of such parts are pipes and fittings. Disc-shaped pieces shall be cut from the finished part in

accordance

with the referring standard so as to obtain specimens of thickness (650 + 100) um.

The following procedure is recommended to prepare specimens from thick-walled finished parts: obtain a
cross-section of the wall by using a core drill directed radially through the wall, where the diameter of the core

© 1SO 2008 — All rights reserved
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is just less than the inner diameter of the sample crucible. Take care not to overheat the specimen during the
cutting operation. Cut discs of specified thickness from the core, preferably by using a microtome. If surface
effects are of prime interest, cut discs from the inner and outer surfaces and test them with the original surface
facing upward. If the characteristics of the base material are desired, cut a middle-section disc by removing
the outer and inner surfaces.

7 Test conditions and specimen conditioning

See ISO 11357-1:—, Clause 7.

8 |[Calibration

8.1| Oxidation induction time (isothermal OIT)
A modified two-point calibration procedure shall be used. Indium and tin can be Uséd as calibration materials
for polyolefins since their respective melting points encompass the specified “analysis temperature range
(180 °C to 230 °C). If other plastics are investigated, other calibration materials may need to be used. The
insttument shall be calibrated in accordance with ISO 11357-1:—, Clause-8. Calibration shall be performed
under nitrogen using closed crucibles.

The following melting profiles shall be used if the calibration“procedure does not provide heating-rate
correction:

Indium: ambient to 145 °C at 10 °C/min, 145 °C toA165 °C at 1 °C/min

Tin: ambient to 220 °C at 10 °C/min, 220.%€ to 240 °C at 1 °C/min

8.2| Oxidation induction temperature (dynamic OIT)

The| instrument shall be calibrated in acecordance with the procedure described in ISO 11357-1:—, Clause 8,
using nitrogen or air as purge gas.

9 |[Procedure

9.1| Setting up the‘instrument

Seg ISO 11357-1~=/Subclause 9.1.

9.2 Loading the test specimen into the crucible

Seq ISO 11357-1:—, Subclause 9.2.

If the specimen is cut from the inner or outer surface of a pipe or fitting, it shall be placed in the crucible with
the surface of interest facing upward. The test specimen shall be weighed to the nearest + 0,5 mg, as heat
flow is not the main point of interest in this case. The specimen disc is placed into the appropriate crucible
type. If a cover is necessary, it shall be pierced to permit flow of oxygen or air to the specimen. Crucibles shall
not be sealed unless they are ventilated.

9.3 Insertion of crucibles

See ISO 11357-1:—, Subclause 9.3.

© 1SO 2008 — All rights reserved 5
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9.4 Nitrogen, air and oxygen flow

The nitrogen or air purge gas flow rates used for measurements and calibration shall be the same. Any

change in fl

ow rate requires recalibration. A typical purge gas flow rate is (50 + 5) ml/min.

The flow rate of oxidizing gas shall be the same as that used for nitrogen.

9.5 Sensitivity adjustment

curve becommes

need this agljustment.

9.6 Performance of measurement

9.6.1 Oxiglation induction time (isothermal OIT)

Load specimen and reference crucibles at ambient temperature. Pre-purge the instrument with nitroger
5 min prior fo beginning the heating cycle.

Programmgd heating of the specimen under nitrogen flow shall be started from ambient temperature
continued tp the test temperature at a rate of 20 °C/min. Preferably, isothermal test temperatures shal
chosen to full 10 °C values and changed only in steps of full 10 °C. Othertest temperatures may be use
specified by a reference standard or by agreement between the interested parties. Particularly, specin
yielding oxiflation induction times of less than 10 min should be réetested at a lower temperature. Specim
yielding oxiglation induction times of greater than 60 min should bée’retested at a higher temperature.
When the det temperature has been reached, programmedtheating shall be discontinued and the speci

shall be equilibrated for 3 min at the set temperature.

The recordér shall be turned on.

Once the e
rate used fq

The isother
exotherm h

huilibrium time has expired, the ga$ shall be changed to oxygen or air at a flow rate identical td
r nitrogen. This changeover pqint to oxygen or air flow shall be marked as the zero time of the

mal operation shall be continued until at least 2 min have elapsed after the steepest point of
as been displayed (see Figure 1). Alternatively, the test may be terminated if time requirem

stated in th

product specification‘or agreed between the interested parties have been met.

Upon complletion of the test,\the gas selector should be switched back to nitrogen and the instrument co
down to anibient temperature. If additional testing is being conducted, cooling the instrument cell below 6
should be sufficient.

The number of, tests to be carried out on each sample shall be established by agreement between
interested parties.' Preferably, specimens should be tested in duplicate, and the arithmetic mean as well as

nge
not

for

and
| be
J as
ens
ens

men

the
test.

the

Bnts

bled
D) °C

the
the

lower and upper values reported

NOTE Oxidative induction time is a complex function of temperature and the additives in the polymer. There

fore,

extrapolation or comparison of data obtained at different temperatures is not valid unless justified by experimental results.
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A
Y
~
a
t tyty ) X

Key|
X fime
Y heat flow rate
t, hangeover to oxygen or air (time zero)
t, pnset of oxidation
t3 ntercept point determined by tangent method (oxidation indugtion time)
t, fime to oxidation peak
a  Exothermic.

Figure 1 — Schematic oxidation induction time curve — Tangent method of analysjfs
9.6.2 Oxidation induction temperature (dynamic OIT)
Thel instrument shall be pre-purged with the purge gas to be used for measuring, i.e. oxygen or gir, for 5 min
withl the specimen and reference-crucibles loaded at ambient temperature prior to beginning the heating cycle.
Programmed heating of-the’specimen under oxygen or air flow shall be started at ambient temprature and
continued to a temperature at least 30 °C above the steepest point on the exotherm (see Figure 2). Preferred
heajing rates are10°C/min and 20 °C/min. Alternatively, the test may be terminated if {emperature
reqlirements stated-in the product specification or agreed between the interested parties have been met.
Updgn completion of the test, the instrument should be cooled down to ambient temperature. |f additional
test|ng is being conducted, cooling the instrument cell below 60 °C should be sufficient.
Thelnumber-of tests—to-be carried-out-on—each campln shall he established hy agrnnmnnf etween the

interested parties. Preferably, specimens should be tested in duplicate, and the arithmetic mean as well as the
lower and upper values reported.

9.7

Cleaning

Cleaning the measuring cell of the DSC instrument of contamination by heating to at least 500 °C for 5 min in
air or oxygen shall be done at frequencies established in the relevant certification procedure or in the case of
deviating results. As a measure of precaution, cleaning frequencies should comply with good laboratory
practice.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=385a803f5388a751e06cfa5fc503c98b

ISO 11357-6:2008(E)

X temperajure
Y heat flow rate

T, melting temperature of polymer

T, onset of oxidation

T; intercep{ point determined by tangent method (oxidation induction tempetature)
T, temperajure of oxidation peak

a  Exotherric.

Figurp 2 — Schematic oxidation induction temperature curve — Tangent method of analysis

10 Exprégssion of results

The data shall be plotted with the heat flow.rate on the Y-axis and time or temperature, as applicable, on the
X-axis. In the case of manual evaluation, the X-axis should be expanded as much as possible to facilltate
analysis.

The recorded baseline shall be“extended well beyond the onset of the oxidative reaction exotherm. [The
steepest linear slope of this ‘exotherm shall be extrapolated to intercept the extended baseline (see Figure 1
or 2). The intercept pointyrepresenting the oxidation induction time or temperature shall be measured o a
resolution gf three significant figures.

The tangent method ‘described above is the preferred means of determining the intercept point, but| the
selection of|thecappropriate tangent to the exotherm may be difficult if the exothermic peak has a leading gdge.
Exothermic| peaks with leading edges may occur if the oxidation reaction is slow. If the selection of| the
appropriate f fous; ; ;ond
baseline shall be drawn parallel to the first baseline at a threshold distance of 0,05 W/g (see Figure 3 or 4)
from the first baseline (see next paragraph). The intersection of this second line with the exotherm signal is
defined as the onset of oxidation.

Thermograms having leading edges can also be due to poor specimen preparation, i.e. specimens being of
varying thickness, not being flat or having burrs or scars. Thus, before applying the threshold method
described for evaluation of results, it is recommended that the scan be repeated, making sure that all
specimen requirements described in Clause 6 are properly met, to confirm the leading edge shape of the
thermogram.

Other procedures or other values for the threshold distance from the baseline may be used by agreement
between the interested parties.

8 © 1SO 2008 — All rights reserved
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A
A = 0,05 Wig

A J

X fime
Y heat flow rate

t; hangeover to oxygen or air (time zero)

t, pnset of oxidation

t; Intercept point determined by offset method (oxidation induction time)
t, fime to oxidation peak

a  Exothermic.

Figure 3 — Oxidation induction time curve with leading edge — Offset analysis method

© 1SO 2008 — All rights reserved 9


https://standardsiso.com/api/?name=385a803f5388a751e06cfa5fc503c98b

ISO 11357-6:2008(E)

Q

X tempera
Y heat floy
T, melting {
T, onset of
T4 intercept
T, tempera

a  Exotherr

Figure

: A =0,05Wig

ure
rate

emperature of polymer

oxidation

point determined by offset method (oxidation induction tempeérature)
ure of oxidation peak

nic.

4 — Oxidation induction temperature curve with leading edge — Offset analysis method

11 Precision and bias

In round-ro
different po
and 2 were

12 Test |

In addition
information

bin testing carried out by-the Swiss material testing institute EMPA in 1998 and 2000 on
yethylene samples, involving 14 and 16 participants, respectively, the results given in Tabl
obtained for isothermal.and dynamic OIT [T 2],

eport

o the requirements stated in ISO 11357-1:—, Clause 10, the test report shall contain the follo

a) details

f4hao camnla and tha maathoad Af oAl an Aranaratinns oA

four
Bs 1

ving

o PTC oo e T T o tToT O o p e ome T pPTroparatormTooT Ty

b) the type of purge gas used and its flow rate;

c) the test temperature;

d) the measurement technique used (i.e. tangent method, offset method or other procedure agreed upon);

e) the oxidation induction time, in minutes, or the oxidation induction temperature, in degrees Celsius (to
three significant figures in each case);

f)  the thermogram (including details of the heating rate for oxidation induction temperature);

g) details
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of any deviations from the conditions or materials specified in this part of ISO 11357.
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