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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The measurement of oxidation induction time or temperature described in this document 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 can have different
oxidation induction times or temperatures. Due to interaction of the antioxidant with other substances
in the formulation, different oxidation induction times or temperatures can result even with products
having the same type and concentration of antioxidant.
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Determination of oxidation induction time (isothermal
OIT) and oxidation induction temperature (dynamic OIT)
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For

Scope

5 document specifies methods for the determination of oxidation induction time (isoth
oxidation induction temperature (dynamic OIT) of polymeric materials by, means of
ning calorimetry (DSC). It is applicable to polyolefin resins that are in a fully st
pounded form, either as raw materials or finished products. It can be applicable to other

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 reférences, only the edition cited 4
ated references, the latest edition of the referenced doctiment (including any amendmen

293, Plastics — Compression moulding of test speciméns of thermoplastic materials
294-3, Plastics — Injection moulding of test specimens of thermoplastic materials — Part 3: §
472, Plastics — Vocabulary

8986-2, Plastics — Polybutene-1 (PB<1) moulding and extrusion materials — Part 2: Pre
specimens and determination of properties

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

17855-2, Plastics — Polyethylene (PE) moulding and extrusion materials — Part 2: Prepar
fimens and determingtion of properties

19069-2, Plasties=— Polypropylene (PP) moulding and extrusion materials — Part 2: Pre|
specimens and.determination of properties

Terms.and definitions

brmal OIT)
lifferential
hbilized or
plastics.

Pir content
pplies. For
[s) applies.

bmall plates

paration of

ition of test

paration of

/-1 and the

the purposes of this document, the terms and definitions given in ISO 472 and ISO 1135

foll

wing apnplu
(=T 3 s

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[EC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at https://www.iso.org/obp
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3.1
oxidation
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induction time

isothermal OIT
relative measure of a stabilized material’s resistance to oxidative decomposition, determined by the

calorimetr

ic 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 1 to entry: It is expressed in minutes (min).

3.2

oxidation
dynamic
relative m
calorimetr
when subjg

Noteltoe

Note2toe

4.1 Gen

The time for which, or the temperature up to which, an antiexidant stabilizer system present

test specin
temperatu
or temper3
test tempe
higher oxi
dependent
carried ou
performed

NOTE
present in

reaction kinetics are a function of temperature and the inherent properties of the additives contained i

sample. Forj
formulation
oxidation i

intended tenperature of use.of the finished product.

|

4 Pringiple

T

idation_induction time (isothermal OIT)

induction temperature

)T

pasure of a stabilized material’s resistance to oxidative decomposition, determined by
¢ measurement of the temperature of the onset of exothermic oxidation of the ‘mate
cted to a specified heating rate in an oxygen or air atmosphere, under atmospheric presg

the
rial
ure

ry: Itis expressed in degrees Celsius (°C).

ry: The oxidation induction temperature is also called oxidation onset temperature (OOT).

bral

na
fied
ime
her
t in
hlso
psts
psts

hen inhibits oxidation is measured while the specimen is held isothermally at a speci
Fe or heated at a constant rate in an oxygen or air.atmosphere. The oxidation induction t
ture is an assessment of the level (or degree)iof stabilization of the material tested. Hig
ratures will result in shorter oxidation indéction times; faster heating rates will resu
lation induction temperatures. The oxidation induction time and temperature are
on the surface area of the specimen available for oxidation. It should be noted that t
L in pure oxygen will result in a lower oxidation induction time or temperature than t
under normal atmospheric-air donditions.

he oxidation induction timesor* temperature can be indicative of the effective antioxidant level

Lhe test specimen. Caution\should be exercised in data interpretation, however, since oxid

example, oxidation induction time or temperature results are often used to select optimum
s. Volatile antioxidants or differences in activation energies of oxidation reactions can generate poor
duction time or-temperature results, even though the antioxidants can perform adequately af the

el and a reference materlal are heated at a constant rate in an inert gaseous. environment

oxygen or air maintained at the same flow rate The spec1men is then held at constant temperature
until the oxidative 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.
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5.1

See

ISO 11357-6:2018(E)

Apparatus and materials

General

also ISO 11357-1.

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

Thd
ind
test

For

5.3

Spe
the
diff]
NO1
test]
dep
indy
and

5.4
For
gra
sha

NOT

5.5
Thd
WA

iction time measurements, it shall be capable of maintaining an isothermal stabiljty of +
temperature over the duration of the test, typically 60 min.

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

Crucibles

brent materials may be used by agreement between the interésted parties.
result significantly (that is, including any associated catalytic effects). The type of containment

vapour-barrier film applications, only aluminium crucibles are used.

Flowmeter

Vimetric method shall be used together with a flow-adjusting valve. Mass flow controll
| be calibrated against a positive-displacement device.

E Suitable factory-provided gas flow rate calibration is also acceptable.

Oxygen

oxygen used shall be of 99,5 % purity grade or better.

oxygen is a‘strong oxidizer that accelerates combustion vigorously. Keep oil and gr

fro

m equipment using or containing oxygen.

5.6

Al

DSC instrument shall be able to achieve a maximum temperature of at least 500 °C: FOL oxidation

D,3 K at the

cimens shall be placed in open or closed ventilated crucibles that.allow unperturbed cgntact with
surrounding atmosphere. Preferably, crucibles shall be madey'of aluminium. Crucibl¢s made of

E The composition of the crucible material can influencé.the oxidation induction time or temperature

ystem used

bnds on the intended application of the material being-tested. Polyolefin resins used in the wige and cable
stry typically require copper or aluminium crucibleS\whereas, for polyolefin resins used in gepmembrane

gas flow calibration, a flow rate measuring device such as a rotameter or soap-film flowmeter or a

ng devices

RNING —{The use of pressurized gas requires safe and proper handling. Furthermore,

pase away

TXIK

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

5.7

Nitrogen

The nitrogen used shall be of 99,99 % purity grade or better.

5.8

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 shall

© ISO 2018 - All rights reserved
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be 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 will be equal to or 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 General

See ISO 11857-1.

Specimens|shall have a constant thickness of (650 + 100) um and parallel surfaces, shall-bé flat pnd
shall not show any burrs or scars.

Specimen discs shall be small enough to lay flat in the crucible and shall not be stacked-to increase mjass.

NOTE epending on the material and its process history, dimensions and servide ¢onditions, the methods
of sample ahd specimen preparation can be crucial to the consistency of the result®and their significancg. In
addition, th¢ surface to volume ratio of the test specimen, poor specimen uniforniity, residual stresses or la¢k of
contact betyveen specimen and crucible can affect test precision adversely.

If measur¢ments of the OIT profile across the specimen thickneSs are required, specimens of
significant]y lower thickness than 650 pm may need to be used. This shall be noted in the test repoft.

6.2 Spe¢imens from compression-moulded plates

Following [ISO 293 or any other relevant polyolefin product standard such as ISO 17855-2 for|PE,
ISO 1906942 for PP or ISO 8986-2 for PB-1, the test sample shall be compression-moulded into shegt of
thickness ¢gomplying with 6.1 to yield consistent:specimen morphology and thickness. Alternatively, a
specimen df suitable thickness can be cut from'a-thicker compression-moulded plate. If no heating time
is specified in the relevant product standard, heating at the moulding temperature shall be limitefl to
5 min. Preferably, a bore-hole cutter shall bé used to punch out from the plate a disc of diameter [just
less than the inner diameter of the sample crucible.

NOTE §pecimen mass will vary depending on disc diameter. For a typical diameter of 5,5 mm, specimen
discs cut frgm sheet will have a mass, of approximately 12 mg to 17 mg, depending on the density of the matefial.

6.3 Spe¢imens from jzjection-moulded plates or melt flow extrudates

Specimens| may also ‘be*obtained from injection-moulded samples of thickness complying with |6.1,
e.g. preparged in ac¢ordance with ISO 294-3 or any other relevant polyolefin product standard such as
ISO 1785512 forPE, ISO 19069-2 for PP or ISO 8986-2 for PB-1. Preferably, a bore-hole cutter shall be
used to puhch'eut a disc of diameter just less than the inner diameter of the sample crucible.

Specimens can also be cut from melt flow indexer extrudates. In this case, the specimen shall 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 shall 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) pm.

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 is just less than the inner diameter of the sample crucible. Take care not to overheat

4 © ISO 2018 - All rights reserved
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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

See

Test conditions and specimen conditioning

[SO 11357-1.
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8.1
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9.1

See

9.2
See

If th
wit

Calibration

Oxidation induction time (isothermal OIT)

odified two-point calibration procedure shall be used. Indium and tin can’be used as
erials for polyolefin resins since their respective melting points encompass’the specifi
perature range (180 °C to 230 °C). If other plastics are investigated, other calibration ma
d to be used. The instrument shall be calibrated in accordance with ISQ 11357-1. Calibrat
formed under nitrogen using closed crucibles.

following melting profiles shall be used if the calibration procedure does not provide h
rection:

um: ambient to 145 °C at 10 K/min, 145 °C to 165 °C atd K/min
ambient to 220 °C at 10 K/min, 220 °C to 240 °C at;1 K/min

Oxidation induction temperature (dyfiamic OIT)

calibration
bd analysis
ferials may
on shall be

pating-rate

instrument shall be calibrated in accordance with the procedure described in ISO 11357-1, using

ogen or air as purge gas.

Procedure

Setting up the instrument

[SO 11357-1.

Loading the‘'test specimen into the crucible
[SO 1135751.

e specimen is cut from the inner or outer surface of a pipe or fitting, it shall be placed in
h the surface of interest facing upward. The test specimen shall be weighed to the nearest

he crucible
0,5 mg, as

hea

TTow Is not the main point or iterest 1n this case. 1'he specimen disC 1S placed Into the

propriate

crucible type. If a cover is necessary, it shall be pierced to permit flow of oxygen or air to the specimen.

Cru

9.3

See

9.4

cibles shall not be sealed unless they are ventilated.

Insertion of crucibles

[SO 11357-1.

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

© ISO 2018 - All rights reserved
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The flow rate of oxidizing gas shall be the same as that used for nitrogen.

9.5 Sensitivity adjustment

The instrument sensitivity shall be adjusted so that the difference in vertical height on the stepped
change curve becomes 50 % or more of the full scale of the recording device. Computer-controlled
instruments do not need this adjustment.

9.6 Performance of measurement

9.6.1 Oxiidation induction time (isothermal OIT)

Load specimen and reference crucibles at ambient temperature. Pre-purge the instrument v
nitrogen fdr 5 min prior to beginning the heating cycle.

Program

and continped to the test temperature at a rate of 20 K/min. Preferably, isothermahtest temperat
shall be chosen to full 10 °C values and changed only in steps of full 10 °C. Other test temperat

vith

ure

d heating of the specimen under nitrogen flow shall be started from ambient temperat

may be usgd as specified by a reference standard or by agreement between the interested par

Particular]
lower tem
retested atj

When the
specimen S

If using m4

Once the e
to the rate
marked as

The isothe
slope the ¢
if time req
been met.

, specimens yielding oxidation induction times of less than 10 niin shall be retested
berature. Specimens yielding oxidation induction times of, gkeater than 60 min shal
a higher temperature.

set temperature has been reached, programmed heating shall be discontinued and
hall be equilibrated for 3 min at the set temperature

nually operated instruments the recorder shall:be‘turned on.

Huilibrium time has expired, the gas shall belochanged to oxygen or air at a flow rate ident

the zero time of the test.

'mal operation shall be continueduntil at least 2 min have elapsed after the point of steej
xotherm curve has been displayed (see Figure 1). Alternatively, the test may be terming
hirements stated in the produict'specification or agreed between the interested parties I

!

res
res
ies.
nt a
be

the

ical

used for nitrogen. This changeover pointto oxygen or air flow (¢1) (see Figure 1) shalll be

best
ted
ave

Upon completion of the test, thé\gas selector shall be switched back to nitrogen and the instrunjent

cooled dow
be cooled |

The numbyé
interested
as the lowg

NOTE

'm to ambient tempenature. If additional testing is being conducted, the instrument cell s
elow 60 °C.

br of tests to'bé carried out on each sample shall be established by agreement between
parties, Preferably, specimens shall be tested in duplicate, and the arithmetic mean as
r and upper values reported.

xidative induction time is a complex function of temperature and the additives in the poly

ic ot zall A

hall

the
vell

mer.

Therefore, e

%o alotios oo mv\r\w\nr\v\ afdata obtainnd o dif0n a0t temperatures v\]r\nn ackifio
CraporatioR- o compartsoR-oraata ootatie aatratrrerefr e mperactresSHoeTvar B S5FuStHie

experimental results.
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ysis

ith the gas

Y |
\
F
ty ty L3 by X

Key
X time
Y heat flow rate
t1 changeover to oxygen or air (time zero)
to onset of oxidation
t3 intercept point determined by tangent method (extrapolated onset) - oxidation induction time
ta time to oxidation peak
a Exothermic direction.

Figure 1 — Schematic oxidation induction time curve — Tangent method of ana
9.6J2 Oxidation induction température (dynamic OIT)
Loald specimen and reference crucibles at ambient temperature. Pre-purge the instrument w
to be used for measuring, i.e.(oXygen or air for 5 min prior to beginning the heating cycle.

Pro
and
Pre
tem
hav

Upa
test

brammed heating of the'specimen under oxygen or air flow shall be started at ambient te
continued to a temperature at least 30 K above the steepest point on the exotherm (ses
ferred heating-rates are 10 K/min and 20 K/min. Alternatively, the test may be ter
perature requirements stated in the product specification or agreed between the interes
e been met!

n complétion of the test, the instrument shall be cooled down to ambient temperature. I}
ing‘is'being conducted, the instrument cell shall be cooled below 60 °C.

mperature
 Figure 2).
minated if
ted parties

additional

The

number OI tests to be carried out on each sample shall be established by agreement b

etween the

interested parties. Preferably, specimens shall 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 quality control procedure
or in the case of deviating results. As a measure of precaution, cleaning frequencies shall comply with

goo

d laboratory practice.
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Y
~N
fa
T, T,T, T, X

Key
X temperature
Y heat/flow rate
T1 melfing temperature of polymer
T2 onsgt of oxidation
T3 intefcept point determined by tangent method (extrapolated onset) - oxidation induction temperature
Ts temperature of oxidation peak
a Exothermic direction.

Figure 2 — Schematic oxidation induction temperature curve - Tangent method of analysis

10 Expression of results

The data shall be plotted with the heat.flow rate on the y-axis and time or temperature, as applicdble,
on the x-axis. In the case of manual-évaluation, the x-axis shall be expanded as much as possible to
facilitate ahalysis.

The recorded baseline shall-beextended well beyond the onset of the oxidative reaction exotherm. [The
steepest lipear slope of this”exotherm shall be extrapolated to intercept the extended baseline [see
Figure 1 or 2). The intércept point representing the oxidation induction time or temperature shalll be
measured fo a resolution of three significant figures.

The tangent method described above is the preferred means of determining the intercept point,|but
the selectipnp-ofithe approprlate tangent to the exotherm may be dlfflcult if the exothermlc peak hhs a
leading edge~k i the
selection of the approprlate slope to be used for ‘the tangent method is not 0bv10us an offset method
may be used. A second 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 © ISO 2018 - All rights reserved
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0,05W/g

<
A=

Key]

t1
t2
t3
7]

time

heat flow rate

changeover to oxygen or air (time zero)

onset of oxidation

intercept point determined by offset méthod (oxidation induction time)
time to oxidation peak

Exothermic direction.

Figure 3 — Oxidation induction time curve with leading edge — Offset analysis method
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Y @
=
n
<
<)
1
<
k
Ty T, T T4 X
Key
X temperature
Y heat/flow rate
Ty melfing temperature of polymer
T2 onsgt of oxidation
T3 intercept point determined by offset method (oxidation induetion temperature)
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Figure 4 4 Oxidation induction temperature curve with leading edge — Offset analysis method

11 Precikion and bias

Interlaboratory tests were carried out by the Swiss material testing institute EMPA in 1998 and 2
on four different polyethylene samples, involving 14 and 16 participants, respectively. The results g
in Tables 1[and 2 were obtaine@for isothermal and dynamic OIT[1][2].

12 Test yreport

In addition to the-requirements stated in ISO 11357-1, the test report shall contain the follow
informatiop:

P00
ven

ing

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

c) the testtemperature;

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 of any deviations from the conditions or materials specified in this document.
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