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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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Introduction

The oxygen index (OI) test at ambient temperature was first described by Fenimore and Martinl3] in
1966. The first use of the method in standards was ASTM D2863:1970[2] and it has since been published
in a wide range of national and international standards. It was published as ISO 4589 in 1984 and has
now been revised as ISO 4589-2. The Ol test at elevated temperatures is described in ISO 4589-3.

In the period since ASTM D2863 became a standard, a considerable number of papers have been
published about this test. An example is the review in Reference [6] relating to the relevance of the
test to real flre situations. Other papers have suggested emp1r1ca1 formulae relatlng OI to the amounts

: ¢ ' erformance (see
bwever, and
of both test
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Scope

document specifies the general requirements for the oxygen index (OI) test which
ribed in ISO 4589-2 and ISO 4589-3 as follows:

SO 4589-2 describes a method for determining the minimum volume fraetion of oxygen
inder specified test conditions;

SO 4589-3 describes methods of carrying out the same deterimination over a range of te
fypically between 25 °C and 150 °C (although temperatures up to 400 °C can be used).
Normative references

titutes requirements of this document. Forsdated references, only the edition cited
1589-2:2017, Plastics — Determination~of burning behaviour by oxygen index — Part

erature test

1589-3:2017, Plastics — Determination of burning behaviour by oxygen index — Part
erature test

| 3943, Fire safety — Vocabulary

Terms and definitions

ind [ECGmaintain terminological databases for use in standardization at the following a

EGElectropedia: available at http://www.electropedia.org/

3.1

are further

namixture

bf oxygen and nitrogen introduced at 23 °C + 2 °C that will just suppdrt combustion off a material

mperatures

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendments) applies.

2: Ambient-

3: Elevated-

he purposés-of this document, the terms and definitions given in ISO 13943 and the follqwing apply.

ddresses:

[SO Online browsing platform: available at http://www.iso.org/obp

oxygen index

(0) |
limi
LOI

ting oxygen index

minimum volume fraction of oxygen in a mixture of oxygen and nitrogen, at 23 °C * 2 °C, that just
supports flaming combustion of a material under specified test conditions

Note

1 to entry: It is expressed as a percentage, e.g. Ol = 34,6 %.

[SOURCE: ISO 13943:2008, 4.248, modified — Note 1 to entry has been revised.]
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4 Principles of the test

In ISO 4589-2, the material can be tested either as a rigid specimen or as a flexible specimen in a
specified holder which is mounted in a transparent chimney in which a mixture of oxygen and nitrogen
flows upwards in a laminar flow pattern. After specimen conditioning, the test is carried out at room
temperature. This constitutes the test in its simplest form. In the top-surface ignition procedure, the
applied flame is allowed to impinge on the top surface of the specimen for a maximum time of 30 s
coupled with periodic removal of the flame every 5 s to check if the specimen is burning. This also
ensures that the specimen temperature does not rise excessively, since this would normally lower
the OI value. In the propagating-ignition procedure, the flame is allowed to impinge to a depth of
approximately 6 mm down the vertical sides of the specimen. In the thin-film procedure, the film is

wrapped in
specimen ig

In ISO 4589
column in W
test, the spq
reach temp
ISO 4589-2,

5 Applig

The test is
retardants
inclusion in|
and should
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are depend
test is wide
manufactur

The elevate
on the Ol v4
atroom ten
range. This
added flam
Itis also us

a 45° spiral around a rod and taped, after which the rod is withdrawn and the top end of the

cut off at a distance of 20 mm from the top.

-3, the material is tested in an identical manner, except that the test takes place in a he

ated

rhich both the incoming gas and the gas passing up the column are heated. Abthe start of the

tcimen and specimen holder are preheated in the gas flow for 240 s + 1@,s'to allow the
brature equilibrium prior to testing. The flame is applied for the samellength of time

rability of the test

used for the quality control of materials, particularly te/check the incorporation of f
in the material under test, and for research and development. This test is often use
material data sheets. This test, in isolation, is insufficient to evaluate the burning behay
not be used for regulations relating to safety control and consumer protection. The
ensitive measure of burning materials under.coritrolled laboratory conditions. The re
ent upon the specimen size, shape and oriéntation. Aside from these restrictions, th
ly used in the polymer industry as well as-by cable-manufacturing companies and by t
ing flame retardants.

1-temperature test (ISO 4589-3) provides information on the effect of arange of temperat]

m to
hS in

ame
1 for
iour
test
bults
e OI
hose

ures

lue. As a result, the value of the'test is different from that of the single-point measureinent

|perature in that it gives an undérstanding of the behaviour of materials over a temperg
is of particular value in detecting, for example, the potential loss of effectiveness of 3
e retardant or of some technology which has been shown to be significant in certain ¢
eful in monitoring anly chemical changes taking place at the higher temperatures which

serve to enlance or reduce theféndency to burn.

The flamm4
in which m4
specimen ig

ISO 4589-2
of plastic 1

bility temperature test (ISO 4589-3:2017, Annex A) provides a means for assessing the
iterials behave in a normal atmosphere by determining the temperature at which the O
20,9 %.

and ISO 4589-3 can be used to compare the particular burning characteristics of a s

ture
ome
hses.

can

way
ofa

bries

insufficient
to describe

haterials. The burning characteristics of a material are complex, and one test alo
TO evaluate the material benaviour. It should be stressed that ber of test

e is

dala number oI tests are required

all the burning characteristics of a material.

It is essential that these small-scale laboratory tests be regarded as material tests only. They are
primarily for assistance in development, monitoring consistency and/or pre-selection of materials, and
are not for use as the sole means of assessing the potential fire hazard of a material in use.

The specific requirements of different industries have resulted in the issue of a number of similar
standards, but they are not completely identical, often using different burners and conditions of ignition.
These different burners and conditions may give different test results and care should be exercised in
comparing results from these tests when conducted in accordance with different standards.

© ISO 2017 - All rights reserved
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6 Specimen preparation

1:2017(E)

Specimen preparation should always be carried out carefully. It is important to ensure that the surfaces
are clean and free from any flaws, as failure to observe these precautions can profoundly affect the
burning behaviour. No shortcuts should be taken in conditioning of specimens.

7 Apparatus

7.1

General

mo
a he
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7.4
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ISO 1

veral types of apparatus exist that meet the specifications of ISO 4589-2 and 1SO.4389-3. Some

Is have flow meters, valves or oxygen analysers. Some models are modular and allow
hited model at a later date. A full description of apparatus can be found in ISO 4589:2:20
SO 4589-3.

Measuring device

1589-2 indicates that measurement may be made either by the use gf-flow meters or by ]
en analyser. It is essential to use the proper calibration informationfor flow meters and
en analysers using a standard gas. It is also necessary to checkithe overall equipment f
at the intervals specified in ISO 4589-2 to ensure that thefe are no leaks in the sys
Cal if for any reason the equipment is dismantled and reassembled.

Column design

preferred inside diameter of the column for the ambient test (ISO 4589-2) is 75 mm to 1

outside the column. In the case of ISO 4589-3, it is recommended that a 75 mm minimu
mn be used, again with a restricted aperture since entrainment of air was more of a
equipment. Without the aperture, there would be errors introduced into the oxygen i
articular materials. The preferredshape and size of the opening to eliminate this effeg
1589-2 and I1SO 4589-3.

Sample holder

imens. Care should-be taken to ensure that the specimen holder cools to ambient tem
1589-2 testing/Alternatively, a second holder can be used.

This

elevated-temperature test (ISO 4589-3) encounters a number of problems, one of w
e sample holder for flexible thermoplastic materials. The recommended wire cage s
589:3:2017, Figure 5) is not optimum for some products Another practice is to supp

e are two types of holder, depending on the specimen: one for rigid specimens, the other

grading to
17, Clause 5

he use of an
to calibrate
rom time to
tem. This is

00 mm. The

pn for this was clearly identified in Reference{8] which showed that there was entraigment of air

m diameter
problem in
hdex values
t is given in

for flexible
perature in

hich relates
upport (see
ort the test
a single tie

non- standard practlce should be used carefully and recorded in the test report

8 Operating conditions

8.1

Calibration

ndard clamp.

The importance of following the calibration procedures as specified in both ISO 4589-2 and 1SO 4589-3
cannot be stressed too highly. It is recommended that a regular check be carried out by testing a
specified material, such as poly(methyl methacrylate) (PMMA), and that records of all values obtained
should be kept. If there is any significant change in these values then the complete calibration procedure
should be carried out to determine the cause of the change.

© IS0 2017 - All rights reserved
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The PMMA should be a non-modified transparent cast sheet based on a homopolymer of methyl
methacrylate in accordance with ISO 7823-1.[11 Other PMMA sheets, such as cast sheets based on a
copolymer of methyl methacrylate and extruded or melt-calendered PMMA sheets can give a different
burning behaviour depending on the comonomer used, the composition and the molecular mass since

these chara

cteristics affect melt behaviour during burning.

8.2 Flame application time

The conditions under which the flame is applied to the specimen should be carefully controlled. The
reason for this cautlon is that the longer the flame is applled the hlgher the spec1men temperature
becomes. T 0 3 3 2

clearly sho
the test req
ISO 4589-3
+2 % (ie.t
ISO 4589-2
found in IS(

8.4 Elevy

[t is impor
with ISO 4
holder shoy

temperatur

8.5 Pass

The flamm
specified t¢
temperatur
great cautic
behaviour 1
in Table 1,
marketplac

n that such a wide variation could not be tolerated for the elevatedstemperature test s
juires a constant concentration of oxygen, which depends on flew and temperatur
both flow and temperature are therefore closely defined, flow<being controlled to w
he linear velocity is 40 mm/s + 0,8 mm/s). Tighter flow contrel is now also applicabl

4589-2:2017, A.2.

ited-temperature routine

fant to follow precisely the same routine from test to test when testing in accord
b89-3, to ensure that the equilibration is.identical. It has been found that the speci

e is within specification, prior to carrying out a test.

fail criteria

hbility temperature test (ISO°4589-3:2017, Annex A) identifies a pass/fail criterion
bmperature and is widely/used for demonstrating satisfactory behaviour at a lim
e. This method is only-stiitable for testing well characterized grades of materials. How
n should be exercised*when testing unknown compounds in which apparently satisfad
s observed at temiperatures above the flammability temperature. An example is sh
determined uSing ISO 4589-3:2017, Annex A, on a compound already established in
b with a flamnability temperature claimed to be above 300 °C.

Table 1 — An example of Pass/Fail at test temperature

Temperature (°C) Pass/Fail

ld be in position while establishing the correct temperature and when checking that

icher

45 %

been
ince
e. In
thin
e for

at+5 % (i.e. 40 mm/s * 2 mm/s). A description on how<to ‘estimate the flow rate can be

ance
men
the

at a
ting
bver,
tory
own

the

262
272
274
277
277 (second test)
277 (third test)
284
304
305
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Passes above 280 °C were associated with visible degradation of the compound, such that the flammable
volatiles were swept from the column during the conditioning period prior to ignition. Therefore,
careful observation and testing are very important prior to adopting ISO 4589-3:2017, Annex A in any
testing routine.

9 Conclusions

ISO 4589-2 and ISO 4589-3 are of particular value in monitoring quality control and in the pre-selection
of materials used in many applications, as well as for studying the effect of flame retardants added to
synthetic polymers. However, Clause 5 has already described the limitations which should always be
keptTn mind when using these tests.
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