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Foreword

2:2017(E)

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

Oxygen index (OI) results obtained using the methods described in this document can provide a sensitive
measure of the burning characteristics of materials under certain controlled laboratory conditions, and
hence may be useful for quality control purposes. The results obtained are dependent upon the shape,
orientation and isolation of the test specimen and the conditions of ignition. For particular materials or
applications, it may be necessary or appropriate to specify different test conditions. Results obtained
from test specimens of differing thickness or by using different ignition procedures may not be
comparable and no correlation with flammability behaviour under other fire conditions is implied.

Results obtpimed i accordarce withr this documnent are ot appiicable to describe orappraise thg fire
hazard pregented by a particular material or shape under actual fire conditions, unless used ag one
element of { fire risk assessment that takes into account all of the factors pertinent to the asséssment of
the fire hazprd of a particular application for the material.

For assessifig the flame propagation properties of cellular materials of density < 100ckg/m3, attention
is drawn to|the method described in ISO 3582.

vi © ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=5a5d9cdebd39cd53a7f3cf1bb027fee4

INT

ERNATIONAL STANDARD ISO 4589-

2:2017(E)

Plastics — Determination of burning behaviour by

00X

ygen index —

Part 2:
Ambient-temperature test

This

Scope

document specifies methods for determining the minimum volume fraction of

admjixture with nitrogen, that will support combustion of small vertical test speeimens und

test

Met
up t
by a

matg
shee

For
lies

NOTE
shrir

2
The

cons
und{

ISO

ISO
acce

ISO
qual

ISO 4

conditions. The results are defined as oxygen index (OI) values.

ods are provided for testing materials that are self-supporting in thé.form of vertical bg
10,5 mm thick. These methods are suitable for solid, laminated,or eellular materials ch
h apparent density 100 kg/m3 or greater. The methods mightcalso be applicable to sa
brials having an apparent density of less than 100 kg/m3. Adnethod is provided for tes
ts or film materials while supported vertically.

omparative purposes, a procedure is provided for determining whether or not the Ol g
hbove some specified minimum value.

L
M

kage when heated, e.g. highly oriented thin filmg

Normative references

titutes requirements of this,document. For dated references, only the edition cited

P91:2008, Plastics — Standard atmospheres for conditioning and testing

2859-1, Sampling.‘procedures for inspection by attributes — Part 1: Sampling scheme
ptance quality limit (AQL) for lot-by-lot inspection

p859-2, Sampling procedures for inspection by attributes — Part 2: Sampling plans indexe
ty (LQ)fepisolated lot inspection

}589-1, Plastics — Determination of burning behaviour by oxygen index — Part 1: General r

oxygen, in
er specified

rs or sheets
aracterized
me cellular
ring flexible

f a material

It might not be possible to apply these method$ satisfactorily to materials that exhibit high levels of

following documents are referfed 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.

indexed by

1 by limiting

pquirements

ISO D/ Lo-4, ACcUrdcy (trueness and precisionj of medsurement metnods dnd resuits — rari 4.

forth

e determination of repeatability and reproducibility of a standard measurement method

asic method

[SO 7823-1, Plastics — Poly(methyl methacrylate) sheets — Types, dimensions and characteristics —

Part

1: Cast sheets

ISO 13943, Fire safety -Vocabulary

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4589-1 and ISO 13943 apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1SO Onl

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

ine browsing platform: available at http://www.iso.org/obp

4 Principle

A small test specimen is supported vertically in a mixture of oxygen and nitrogen flowing upwards
through a transparent chimney. The upper end of the specimen is ignited and the subsequent burning

behaviour g

fthe specimen is observed to compare the pprind for which hnrning continues _orthele

gth

of specimer
volume frag

Alternative
volume frad
to meet the

5 Apparatus

5.1 Test

The test chimney shall consist of a heat-resistant glass tube supported vertically on a base thr

which oxyg

The recom
inside dia

The upper
produce an

using the formula found in A.2.

NOTE1 M

NOTE2 A
cylindrical ¢

Chimneys o
equivalent
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such as rad
porous scré
from foulin

burned, with specified limits for such burning. By testing a series of specimens in diffg
tions of oxygen, the Ol is estimated (see 8.7).

y, for comparison with a specified OI, three test specimens are tested using|the rele
tion of oxygen, at least two of which are required to given an “O” response-(seée 8.4) in o
specified OI.

Chimney

bn-containing gas mixtures can be introduced (see Figure 1).

ended dimensions of the chimney are 450 mm'to 500 mm height and 75 mm to 100
ter.

utlet shall be restricted as necessary by ah overhead cap having an outlet small enoug
exhaust velocity of at least 90 mm/s from that outlet. The flow rate shall be calculate

easurement of flow rate or flow speed at the specimen position helps for checking gas leaks.

cap converging to an outlet\of 40 mm diameter at a level at least 10 mm above the top o
himney has been found satisfactory.

f other dimensions;with or without restricted outlets, are suitable for use, if shown to
results. The bottom of the chimney, or the base upon which the chimney is supported,
a device for evenly distributing the gas mixture entering the chimney. The preferred dg
diffuser an@a mixing chamber with metal foil (honeycomb) or glass beads. Other dev
ial manifolds are suitable for use, if shown to give equivalent results. The mounting
en below'the level of the specimen holder is helpful to prevent falling combustion dg
b the gas entry and distribution paths. One option is to construct the chimney in such a

rent

vant
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bugh
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th to
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f the

give
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of a
bbris
way

thatitcan

e(divided in half, so as to make the setting of samples and cleaning easier.

The use of a levelling device and indicator incorporated within the chimney support will aid vertical
alignment of the chimney and of a test specimen supported therein. If a dark background is provided,
this will aid the observation of flames within the chimney.

5.2 Test specimen holder
The specimen holder shall be suitable for supporting a specimen vertically in the centre of the chimney.

For self-supporting materials, the specimen shall be held by a small clamp, which is atleast 15 mm away
from the nearest point at which it is possible that the specimen will burn before the extent-of-burning
criterion is exceeded. For supported film or sheet test specimens, the specimen shall be supported by
both vertical edges in a frame equivalent to that illustrated by Figure 6, with reference marks at 20 mm
and 100 mm below the top of the frame.
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It is recommended that the profile of the holder and its support is smooth to minimize induction of

turbulence in the rising flow gas.

75 to

100

Dimensions in millimetres

— 7

=10

450 to 500

DA

2

i
|

Key

1 chimney

2 chimney cap

3  specimen holder

4  wire-mesh debris screen

5 diffuser and a mixing chamber

optional temperature measurement device
tube

test specimen

O© 0 N O

oxygen/nitrogen mixture

10 flame igniter

Figure 1 — Typical apparatus for determination of oxygen index
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calibrated flow meter 9  tochimney
oxygen 3nalyser

Figure 2 — Typical flow system incorporating thecelements described in 5.4, a)
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nitrogen 7  flow meter
needle valve 8 reference gas
pressure gauge 9  to exhaust
calibrated orifice 10 to chimney

Figure 3 — Typical flow system incorporating the elements described in 5.4, b)
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1  pxygen 6 flow meter
2 itrogen 7  reference gas
3 peedle valve 8  toexhaust
4  talibrated flow meter 9  to chimney
5  pxygen analyser
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igure 4 — Diagram of typical flow system incorporating the elements described in 5.4, c)
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bxygen 6 flow meter
nitrogen 7  reference gas
calibrated mass flow controller 8  to exhaust
oxygen analyser 9  to chimney
needle valve

Figure 5 — Typical flow system incorporating the elements described in 5.4, d)
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Dimensions in millimetres with tolerances + 0,25 mm
50
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|
I
i
vt | rr77: —
Key
1 upper rdference mark
2 lower reference mark
NOTE The test’specimen is held securely along both upright edges between forks made of stainless stegl.

Figure 6 — Support frame for non-self-supporting test specimens

5.3 Gas supplies

The gas supplies shall comprise pressurized sources of oxygen and/or nitrogen not less than 98 %
(mass fraction) pure and/or clean air [containing 20,9 % (volume fraction) oxygen], as appropriate.

The moisture content of the gas mixture entering the chimney shall be < 0,1 % (mass fraction), unless
the results have been shown to be insensitive to higher moisture levels in the gas mixture. The gas
supply system shall incorporate a drying device, or provision for monitoring or sampling the gas supply
for moisture content, unless the moisture content of the gas supplies is known to be acceptable.

6 © IS0 2017 - All rights reserved
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The constituent gas supply lines shall be linked in a manner which thoroughly mixes the gases, before
they enter the gas distribution device at the base of the chimney, so that the variation in volume fraction
of oxygen in the gas mixture rising in the chimney, below the level of the test specimen, is < 0,2 %.

NOTE Bottled oxygen or nitrogen does not always contain < 0,1 % (mass fraction) of water; moisture
contents of 0,003 % (mass fraction) to 0,01 % (mass fraction) are typical for commercial supplies as filled bottles
of purity = 98 % (mass fraction), but as such bottled gases are depressurized to below about 1 MPa, the moisture
content of the gas drawn off may rise above 0,1 % (mass fraction).

5.4 Gas control devices

The [gas control devices shall be suitable for setting the volume fraction of oXygen in the gas mixture
enteping the chimney with a resolution of 0,1 % of the mixture and for adjusting the volume frraction with
an agcuracy of = 0,2 % of the mixture when the gas velocity within the chimney is 40anm/s f 2 mm/s at
23 °C + 2 °C. The flow rate shall be calculated by using the formula found in A.2.

NOTE 1 It is found suitable to measure the temperature of gas mixture inside the“column by an optional
temperature measurement device shown in Figure 1.

NOTE 2  Systems of measurement and control that have proved satisfactoryiinclude the following

a) peedle valves on individual and mixed gas supply lines, a paramagnetic oxygen analyser that fontinuously
samples the mixed gas, and a calibrated flow meter to indicate when the gas flow through thle chimney is
vithin the required limits (see Figure 2);

b) falibrated orifices, gas pressure regulators and pressure gauiges on the individual gas supply [ines, and an
bxygen analyser that continuously samples the mixed gas‘(see Figure 3);

c) peedle valves and calibrated flow meters on the individual gas supply lines, and an oxygen gnalyser that
Continuously samples the mixed gas (see Figure 4);

d) falibrated mass flow controllers on the individual gas supply lines, and an oxygen analyser that fontinuously
samples the mixed gas (see Figure 5).

NOTE 3  Any system incorporating apprepriate needle valves, and/or calibrated orifices, and/or gas pressure

regujators, and/or calibrated flow meteks.in conjunction with a suitable means to measure the volune fraction of
oxygen to the requirements of 5.3 and 5.4 has been found suitable for the performance of this test pyocedure.

5.5 | Oxygen analyser

The joxygen analyser shall be suitable for measuring the volume fraction of oxygen in the gas mixture
entefing the chimneywith a resolution of 0,1 % and an accuracy of + 0,1 % of the mixture.

NOTE1 Ithashéen found that paramagnetic oxygen analysers meet the accuracy requirements.

NOTE 2  In-case the volume fraction of oxygen around the position of the specimen differs from thit controlled
at the aipsupply line, troubleshooting will be necessary.

5.6 "Flame igniter

The flame igniter shall comprise a tube that can be inserted into the chimney to apply to the test
specimen a flame issuing from an outlet of 2 mm * 1 mm diameter at the end of the tube.

The flame fuel shall be propane without premixed air. The purity of the propane gas shall be not less
than 98 %. The fuel supply shall be adjusted so that, for the set volume fraction of oxygen, the total
flame height is 16 mm * 4 mm when the tube is vertical within the chimney.

The use of a flame height gauge is recommended.

5.7 Timing device

The timing device shall be capable of measuring periods up to 5 min with an accuracy of + 0,5 s.

© IS0 2017 - All rights reserved 7
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5.8 Fume extraction system

The fume extraction system shall be capable of providing sufficient ventilation or exhaust to remove
fumes or soot expelled from the chimney without disrupting the gas flow rate or temperatures in the

chimney.

WARNING — Take suitable precautions to protect personnel from noxious materials or burns
during testing or cleaning operations.

5.9 Tool for preparing rolled film

The tool foi
one end (se

6 Calibrx

For compli
instruction
the periods

preparing rolled film shall consist of a stainless-steel rod of 2 mm diameter, with a s
e Figure 7).
ation of equipment

hnce with this method, calibrate the equipment periodically in a¢cerdance with|
5 given in Annex A so that the maximum interval between recalibration and use conforn
stated in Table 1.

Table 1 — Equipment calibration frequencies

Le
a
b)
G4
0x
Pe

—

Item Maximum period
bk tests for gas system joints (as required by A.1)
for joints disturbed during use or cleaning of the apparabus Immediately
for undisturbed equipment 6 months
s flow rates (as required by A.2) 6 months
ygen analyser (as required by A.3) 1 week
IFformance check of complete equipment ((as required by A.5) 1 month

7 Preparation of test specimens

7.1 Sampling

Obtain a sa
relevant, in|
ISO 2859-2,

For a mate

mple sufficient for‘preparation of at least 15 test specimens. The sample shall be tak(
accordance with the material specification, otherwise in accordance with ISO 2859
as applicable;

rial for which the OI is known to be within + 2, 15 test specimens can be sufficient

materials
specimens

unkniown OI, or which exhibit erratic burning characteristics, between 15 and 30
aybeé required.

it in

the
ns to

bn, if
1 or

For
test
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Dimensions in millimetres

0,3
3
S D
- 45°
<+—
$2+0,1
S
o
2
&,°
1
2
e
m
Key
btainless-steel rod
prip
5lit to holdone end of film to be rolled
Figure 7 — Tool for preparing rolled-film specimens

7.2 Test specimen dimensions and preparation

Using, if applicable, procedures that comply with the appropriate material specification or ISO methods
for specimen preparation, mould or cut test specimens that satisfy the dimensions specified for the
most appropriate specimen form given in Table 2.

To prepare a rolled specimen from a thin film, use the tool described in 5.9. Insert one corner of the
film into the slit and then wind the film round the rod in a spiral of 45°. Ensure that the 45° angle is
maintained during the winding process so that the film reaches exactly to the end of the tool, to produce
a test piece of the correct length, as shown in Figure 7. After the winding is finished, tape the last end of
the roll while the material is still on the stainless steel rod to prevent loosening. Then pull the rod out of
the rolled film. Cut off the rolled film at a distance of 20 mm from the top end (see Figure 8).

© IS0 2017 - All rights reserved 9
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Ensure that the surfaces of the specimens are clean and free from flaws that could affect burning
behaviour, e.g. peripheral moulding flash or burrs from machining.

Note the position and orientation of test specimens with respect to any asymmetry in the sample
material.

Some material specifications may require choice and identification of the “state of the test specimen”
used; e.g. in a “defined state” or a “basic state” for a styrene-based polymer or copolymer.

In the absence of a relevant specification, one or more procedures from ISO 293, ISO 294, ISO 295,
[SO 2818 or ISO 3167 may be used.

Ol results rllay be significantly affected by differences in ease of ignition or burning behaviour; die to
material inhomogeneity (e.g. different levels of shrinkage when heated for specimens cut in~diffgrent
directions firom asymmetrically oriented thermoplastics film).

If a thin film burns in such a manner that erratic combustion behaviour includingtheat shrinkage
and fluctuation of data results, the specimen form VI, i.e. a rolled film, should préferably be usgd. It
gives reprgducible results, similar to those given by specimen form I. Precision* data obtainef by
interlaboratory trials on specimen form VI are given in Annex D.

Table 2 — Test specimen dimensions

Dimensions
Test specjmen - - .
form b Length Width Thickness Typical use
mm mm mm
I 80 to 150 10+ 0,5 4+0,25 For moulding materials
11 80 to 150 10+ 0,5 10 £ 0,5 For cellular materials
[11b 80to 150 10+ 0,5 <10,5 For sheet materials “as received”
v 70 to 150 6,5+0,5 3 %5925 Alternative size for self—supp_ortlng moulding
or sheet materials, for electrical purposes
Vb 140 52£0,5 <10,5 For flexible film or sheet
For thin film “as received”; limited to the film
d ’
vie 1400 200 2\ 0,020 0,10 that can be rolled by the specified rod d

a  Test spe¢imens of forms I, II, IlL.and IV are suitable for materials that are self-supporting at these dimensions.|Test
specimens offform V are suitable for-materials that require support during testing.

b Results gbtained using form Hl or form V test specimens are likely to only be comparable for specimens of the §ame
form and thi¢kness. It is assimed that the amount of variation in thickness for such materials will be controlled by qther
standards.

¢ The test ppecimen‘ofform VI is suitable for a thin film that is self-supporting when it is rolled. Dimensions in the fable
are of an origjinal film from which the rolled form is made. See 7.2 for the preparation of rolled film.

d  The filmlistimited to thicknesses that can be rolled by the specified rod (see Figure 7). If the film is very thin, i§ will

potentia]ly bénetessarv to combine two ormare filims fngpfhnr inthe prnpnrqfinh of the rolled film so as to obtain rekults

similar to those normally obtained with specimen form VI.
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Dimensions in millimetres

20
/d
%

140
80

Key
1 fape
2 futoff

Figure 8 —<Rolled specimen

7.3 | Marking of test specimens

7.3.1 General

For fnonitoring the distanceover which a specimen burns, it is convenient to mark the spgcimen with
trangverse lines at one ormore levels which are dependent upon the specimen form and the ignition
prodedure to be used. Self<supporting specimens are preferably marked on at least two adjacent faces.
If wet inks are used, £he marks shall be dry before the specimen is ignited.

7.3.2 Marks for testing by top surface ignition

Test|specimens of form [, II, III, IV or VI to be tested in accordance with procedure A (see 8.3.2) shall be
marked‘S0 mm from the end to be ignited.

7.3.3 Marks for testing by propagating ignition

The reference marks for testing specimens of form V are carried by the supporting frame (see
Figure 6), but marking such specimens at 20 mm and at 100 mm from the end to be ignited will provide
convenience when testing heat-stable materials.

If specimens of forms [, I1, I1I, [V and VI are to be tested in accordance with procedure B (see 8.3.3), they
shall be marked at 10 mm and at 60 mm from the end to be ignited.

7.4 Conditioning

Unless otherwise specified in other established standards, each test specimen shall be conditioned for
24 h at 23 °C £ 2 °C and (50 £ 5) % relative humidity. After 24 h conditioning, if the stability of the

© IS0 2017 - All rights reserved 11
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mass of the specimen reaches to 0,1 % or less changes, then allow to conduct the test. Otherwise, follow
IS0 291:2008, 8.1 to keep the specimen in conditioning chamber for at least 88 h.

Specimens of cellular materials that may contain volatile flammable material should preferably
be purged of such volatile material prior to conditioning at 23 °C and 50 % relative humidity. Test
specimens may be purged satisfactorily by pre-conditioning at 60 °C in suitable ventilated ovens for
168 h. Larger blocks of such materials may require longer pre-treatment. It is important that facilities
for cutting specimens from cellular material that may contain volatile flammable material are suitable

for the hazards involved.

8 Proce

8.1 Gense

For a short
without det

8.2 Setti

8.2.1 Mai
test specim

specimen shall be taken when required.

8.2.2 Rec
a test, clean
screen, and

8.2.3 Seld
of results fq

fure fordetermmimatiomrof oxygemrimdex

ral

ened procedure to determine compliance relative to a specified minimumGralue of the Ol,

ermining the actual OI of the material under test, see Clause 10.
ng up the apparatus and test specimen

htain the ambient temperature for the test apparatus at 23 2C 2 °C. If necessary, keep the
ens in an enclosure at 23 °C = 2 °C and (50 * 5) % relative)humidity from which each| test

hlibrate equipment components, if necessary (see Clause 6 and Annex A). Before condu
the glass chimney to maintain good visibility. [fhecessary, clean also the gas inlets, or
the temperature sensor (if fitted).

Cting
inlet

ct an initial volume fraction of oxygen. to be used. When possible, base this on experi
r similar materials. Alternatively, try(to ignite a test specimen in air, and note the buy

ence
ning

behaviour. If the specimen burns rapidly, selectah initial volume fraction of about 18 % of oxygen; iff the

test specim
specimen d
upon the di

8.2.4 Ens

of the chimiey so that the top‘gfthe specimen is at least 100 mm below the open top of the chimney

the lowest d
the base of {

8.2.5 Set
the desired
flow purge {

f the
ding

en burns gently or unsteadily, select an initial oxygen volume fraction of about 21 %; i
bes not continue to burn in air, select an initial volume fraction of at least 25 %, depen|
ficulty of ignition or the period of burning before extinguishing in air.

ntre
and
xposed part ofthe’specimen is at least 100 mm above the top of the gas distribution devifce at
he chimney{se€ Figure 1 or 6 as appropriate).

ire that the test chiminey is vertical (see Figure 1). Mount a specimen vertically in the cg

he gasmixing and flow controls so that an oxygen/nitrogen mixture at 23 °C + 2 °C, containing
volurme fraction of oxygen, is flowing within the chimney at 40 mm/s * 2 mm/s. Let the gas

change durti

he-chimney for at least 30 s prior to ignition of each specimen, and maintain the flow wi
dcon forImrof e ECITTE. T 1e 1] [ate aiate T

0 T0 DU M) a OW DE

formula foun i A.2.

Record the volume fraction of oxygen used, which is measured by an oxygen analyser or calculated in

accordance

12

with the formulae given in Annex B.
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8.3 Igniting the test specimen

8.3.1 General

2:2017(E)

Select one of two alternative ignition procedures which are dependent upon the specimen form as

follows:

a) For specimen forms I, II, III, IV and VI (see Table 2), use procedure A (top surface
described in 8.3.2.

b) For specimen form V, use procedure B (propagating ignition) as described in 8.3.3.

ignition) as

Ignition shall imply, for the purposes of this document, the initiation of flaming combustion

For fests on materials that exhibit steady burning and spread of combustion in.volume
oxygen at, or close to, their OI value, or for self-supporting specimens of < 3 mm thickness
B (With specimens marked in accordance with 7.3.3) can be found to give more-¢consistent 1
prodedure A. Procedure B may then be used for specimens of form I, II, I1I, IV or VI.

SomE materials may exhibit a non-flaming type of combustion (e.g. glowing combustion) ir

fractions of
, procedure
results than

stead of, or

at a[lower volume fraction of oxygen than that required for, flaming*¢ombustion. When testing such

mat¢rials, it is necessary to identify the type of combustion for which the Ol is required or 1

e specimen.

y the lowest visible part of the flame to the aipper end of the specimen using a sweep
cessary, to cover the whole surface, but taking care not to maintain the flame against
5 or edges of the specimen. Apply the flame for up to 30 s, removing it every 5 s for ju
to observe whether or not the entire top surface of the specimen is burning.

App
if nel
face
time

Cong
ass
the v

ider the specimen to be ignited, and commence measurement of the period and distancg

vhole of the upper end of thie:specimen.

8.3.3 Procedure B — Propagating ignition
bropagating ignition, the igniter is used to produce burning across the top and partial

cal faces of thé specimen.

er and meve the igniter sufficiently to apply the visible flame to the upper end face of th
hlso, te-awdepth of approximately 6 mm, to its vertical faces. Continue to apply the ignit

neasured.

e upper end

ing motion,
the vertical
st sufficient

of burning,

on as removal of the igniter,after a contact period increment of 5 s, reveals burning sypported by

y down the

e specimen
er for up to

including interruptions for inspection of the specimen every 5 s, until its vertical faces
Hily, or until the visibly burning portion first reaches the level of the upper reference ma

UpPpPuU U ue U U v U U

are burning
k either on

Consider the specimen to be ignited, for the purpose of measuring the period and extent of burning, as
soon as any part of the visible burning portion reaches the level of the upper reference mark.

NOTE The burning portion includes any burning drips that may run down the surface of the specimen.

8.4 Assessing the burning behaviour of individual test specimens

8.4.1 Commence measurement of the period of burning as soon as the specimen has been ignited in
accordance with 8.3.2 or 8.3.3, as applicable, and observe its burning behaviour. If burning ceases but
spontaneous re-ignition occurs within 1 s, continue the observation and measurements.
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8.4.2 If neither the period nor the extent of burning exceeds the relevant limit specified in Table 3 for
the applicable specimen, note the duration and extent of burning. This is recorded as an “O” response.

Alternatively, if either the period or extent of burning exceeds the relevant limit specified in Table 3,
note the burning behaviour accordingly, and extinguish the flame. This is recorded as an “X” response.

Note also the burning characteristics of the material, e.g. dripping, charring, erratic burning, glowing
combustion or after-glow.

8.4.3 Remove the specimen and clean, as necessary, any surfaces within the chimney or on the igniter
that have become contaminated with soot, etc. Allow the chimney to regain a temperature of 23 °C + 2 °C,
or replace it with another conditioned one.

NOTE [ffmany tests are being carried out, it is appropriate to use two chimneys and two specimen holders,
thus allowing one chimney and holder to cool down while the second set is being used for the nexttest.

If sufficientfly long, the specimen may be inverted, or trimmed to remove the burnt@xnd, and re-ysed.
Results frojm such specimens can save material when establishing an approximate value for the
minimum volume fraction of oxygen required for combustion, but cannot be/included among those
used for estimation of the OI, unless the specimen is reconditioned at the témperature and humjdity
appropriatg for the material involved.

Table 3 — Criteria for oxygen index measurements

Alternative criteria 2
Test specimen Period of
form Ignition procedure | burning after E b o
(see Table|2) ignition xtent of burning
S
T A C 180 50 mm below the top of the specimen
op surface ignition
L IL 1L IVand VI B
p R 180 50 mm below the upper reference mark
ropagating ignition
\ p .B S 180 80 mm below the upper reference mark (on the frane)
ropagating ignition
a  These crjiteria do not necessarily ptoduce equivalent OI results for specimens of differing shape or tested ysing
different ignition conditions or procedtres.
b The extept of burning is exceede@when any part of the visibly burning portion of a specimen, including drips of flaming
specimen and/or a portion of thermal deformation with flaming, passes the level defined in the fourth column of the tjable.

8.5 Seleqting successive volume fractions of oxygen

Nt - Np, =5 [se€e'8.7.2 and 8.7.3), with an arbitrary step size for certain changes to be made in the oxygen
volume fradtion used

The procec}ure described in 8.6 and 8.7 is based upon Reference [9], using the specific case where

During the testing, select the oxygen volume fraction to be used for testing the next test specimen as
follows:

a) decrease the oxygen volume fraction if the burning behaviour of the preceding specimen gave an
“X” response;

otherwise
b) increase the oxygen volume fraction if the preceding specimen gave an “O” response.

Choose the size of the change in oxygen volume fraction in accordance with 8.6 or 8.7, as appropriate.
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Determining the preliminary volume fraction of oxygen

Repeat the procedures specified in 8.2.4 to 8.5 inclusive, using volume fraction of oxygen changes of
any convenient step size, until the volume fractions of oxygen have been found that differ by < 1,0 %
and of which one gave an “O” response and the other an “X” response. From this pair of volume fractions
of oxygen, note that which gave the “O” response as the preliminary volume fraction of oxygen level and
then proceed in accordance with 8.7.

NOTE1 The two results, at volume fractions of oxygen < 1,0 % apart, which give opposite responses do not
have to be from successive specimens.
NOTEZ2—Thatvelumefractionrwhichgave the “O“response-doesnothave to-belowerthanthatwhich gave the
“X” rpsponse.
NOTE3 A format convenient for recording the information required by this and subsequenpt clauses is
illusfrated in Annex C.
8.7 | Volume fraction of oxygen changes
8.7.1 Using, again, the preliminary volume fraction of oxygen (see 8.6);test one specimen by repeating
8.2.4 to 8.4 inclusive. Record both the oxygen volume fraction (c,) used and the response, “K” or “0”, as
the first of the N, and of the N series of results.
8.7.2 Change the volume fraction of oxygen, in accordance with 8.5, using volume fraction|changes (d)
of O, % (see last paragraph) of the total gas mixture to test further specimens in accordange with 8.2.4
to 8.p inclusive, noting the values of ¢, and the corresponding responses until a different response to that
obtalined in 8.7.1 is recorded.
The [result from 8.7.1, plus those of like respaise from 8.7.2, constitute the Ny, series of fesults (see
example in Annex C, Section 2).
Where experience has shown that the requirements of 8.7.4 are usually satisfied by a value of d other
than 0,2 %, that value may be selectedas the initial value of d.
8.7.3 Test four more speciméns, in accordance with 8.2.4 to 8.5 inclusive, maintaining|d = 0,2 %;
and pote the volume fraction of’oxygen c, used, and response of, each specimen. Designate|the volume
fraction of oxygen used for-the last specimen as cy.
Thege four results, tegether with the last result from 8.7.2 (i.e. that which differed in response from
that|of 8.7.1), constitute the remainder of the Nt series, so that:

NT = NL +.5
whefe

Ni, is the series of “X” or “O” results;

Nt is the series of “X” or “O” results plus five.
(See example in Annex C, Section 2.)
© IS0 2017 - All rights reserved 15
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8.7.4 Calculate the estimated standard deviation, ¢, of the oxygen volume fraction measurements
from the last six responses in the Nt series (including cf), in accordance with 9.3. If the condition

2_0-<d
3

is satisfied,

< 1,56

calculate the Ol in accordance with 9.1; otherwise

a) if d <20 /3, repeatsteps 8.7.2 to 8.7.4, using increased values for d, until the condition is satisfied, or

b) ifd>1
exceptt
9 Calcul
9.1 Oxyg
Calculate th
Ol = Ce
where
cf ist

the

d ist

ang
k isa
For the puy

decimal pla

50, repeat steps 8.7.2 to 8.7.4, using decreased values for d, until the condition is satisfied,
hatd shall notbe reduced below 0,2 unless so required by the relevant material specific;|tion.
ations and expression of results

en index

e Ol from the relationship:

+(kxd)

he final value of the volume fraction of oxygen, reperted to three decimal places, used ip

series of NT measurements in accordance with 8.7 and noted in accordance with 8.7.3;

he interval, to at least three decimal places, between oxygen volume fraction levels usefl
controlled in accordance with 8.7;

factor to be obtained from Table 4, as-described in 9.2.

poses of calculation of ¢ as regiired by 8.7.4 and 9.3, the OI shall be calculated to |four
ces (i.e. two decimal places wheh Ol is expressed as a percentage).

For the purposes of reporting Ol results, express Ol values to the nearest 0,001 (i.e. to the nearest 0,1
when Ol is ¢xpressed as a percentage), with exactly intermediate results being rounded downwards.
Table 4 — Values of k for-calculating the oxygen index concentration from determinations made
by Dixon’s “up-and-down” method
1 2 3 4 5 6
Responses for Values of k for which the first N|, determination are
the last fjve

measurenjents |2 0 00 000 0000
X0000 -0,55 -0,55 -0,55 -0,55 OXXXX
X000X -1,25 -1,25 -1,25 -1,25 0XXXO0
X00X0 0,37 0,38 0,38 0,38 0XX0X
XO00XX -0,17 -0,14 -0,14 -0,14 0XX00
X0X00 0,02 0,04 0,04 0,04 0X0XX
X0X0X -0,50 -0,46 -0,45 -0,45 0X0XO0
XO0XX0 1,17 1,24 1,25 1,25 0X00X
XOXXX 0,61 0,73 0,76 0,76 0X000
XX000 -0,30 -0,27 -0,26 -0,26 00XXX
XX00X -0,83 -0,76 -0,75 -0,75 00XXO0
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Table 4 (continued)
1 2 3 | 4 | 5 6
Responses for Values of k for which the first N, determination are
the last five
measurements [3) O 00 000 0000

XX0XO0 0,83 0,94 0,95 0,95 00X0X

XX0XX 0,30 0,46 0,50 0,50 00X00

XXX00 0,50 0,65 0,68 0,68 000XX

XXX0X -0,04 0,19 0,24 0,25 000X0

XXXIX0 1,60 1,92 2,00 2,01 0000X

XXXIXX 0,89 1,33 1,47 1,50 00000

Values of k for which the first N|, determinations are Respanses for

b) X XX XXX | XXXX the lalst five
measjirements

are as given in the above table opposite the appropriate response’in col-

umn 6, but with the sign of kreversed, i.e. Ol =cf-kd (see 9.1):

9.2 | Determination of k

The |value and sign of k are dependent upon the pattern ofthe responses of specimers tested in

accofrdance with 8.7, and shall be determined from Table 4 asfollows:

a) |[f the response of the specimen tested in accordancewith 8.7.1 was “0”, so that the fifst contrary
response (see 8.7.2) was an “X”, refer to column 1,0fTable 4 to select the row for which the last four
Fesponse symbols correspond to those found when testing in accordance with 8.7.3. The value and
cign of k will be that shown in column 2, 3, 4:0r 5 for which the number of “0O”s shown |in row a) of
the table corresponds to the number of “O"responses found for the Ny, series, in accofdance with
B.7.1 and 8.7.2.

or

b) [f the response of the specimen tested in accordance with 8.7.1 was “X”, so that the fifst contrary
response was an “0”, refer o the sixth column of Table 4 to select the row for which the last four
Fesponse symbols correspond to those found when testing in accordance with 8.7.3. The value of k
vill be that shown in.coldmn 2, 3, 4 or 5 for which the number of “X”s shown in row b)|of the table
corresponds to the-number of “X” responses found for the Ny, series, in accordance with 8.7.1 and
B.7.2, but the sign ef’k is reversed, so that negative values shown in Table 4 for k becoine positive,
hnd vice versal

NOTE An example of the determination of k and the calculation of an Ol is given in Annex C.

9.3 | Standard deviation of oxygen volume fraction measurements

For the purposes of 874, catcutate-theestimatedstandard-deviation L; of-the OXygeit votume fraction

measurements from the relationship

3 (e o

i=1

1/2

Q>

n-1

© IS0 2017 - All rights reserved
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responses in the Nt series of measurements;

is the oxygen index value, calculated in accordance with 9.1;

2
is the number of measurements of the oxygen volume fraction contributing to 2 (cl. - OI)

represents, in turn, each of the oxygen volume fractions used during measurement of the last

where
Cj
six
o)1
n
NOTE F

different sta

9.4 Prec

9.4.1 An
2:1996 and
interlaborat
each materi

Table 5. Pre
NOTE 1 T

NOTE2 R
French inter

br this method, n = 6, in accordance with 8.7.4. For n < 6, the method loses precision. Fer '
istical criteria would apply.

sion of results

interlaboratory study was conducted in 1999 between ISO and ASTM using ISO 4
ASTM D2863-95 as protocols for the test criteria. The precision data;were determined
ory tests involving 12 laboratories, on eight polymeric materials, with two replicatg
al. The resulting data were analysed in accordance with ISO 5725-2, and are summariz

he use of an oxygen analyser was not mandatory in 1999.

pference [11] includes recent data on the ISO 4589-2:1996 method, which are obtained by ar
aboratory tests made within the frame work of railway fire test by certified laboratories.

Table 5 — Precision data

589-
‘rom
s of
bd in

Cision data obtained from an interlaboratory trial carried outin 1978-80 is shown in Annjex E.

nual

Matehi Specimen Oxygen index (OI), %
atdrial Procedure
type Average Repeatability Reproducibility

a-l II A 17,7 0,09 0,14

a-p [11 A 17,8 0,35 0,35

b [11 A 38,4 4,44 6,16

qg I A 26,8 3,33 3,33

d I A 49,7 5,45 5,66

€ H A 20,9 091 1,30

f] Vv B 26,1 2,37 3,11

g VI A 21,9 1,74 2,87
9.4.2 The|following uncertainty calculation is based upon Reference [11]. The uncertainty on DI is

maximized 'hnppnding onthe value of d:
Ford=0,2: Olhax = 0,54
For d = 0,4: Olmax = 0,66

These values can be accepted as uncertainty limits for the oxygen index results. They depend only on
the increment volume fraction condition and on the application of the standard by use of appropriate
metrological actions on the truth and accuracy of the oxygen volume fraction.

18
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10 Comparison with a specified minimum value of the oxygen index (short

pro

cedure)

10.1 General

In case of dispute, or if the actual Ol of a material is needed, the procedure given in Clause 8 is applicable.

10.2 Setting up the apparatus and test specimen

Set up the apparatus and test specimen in accordance with 8.2 except that the specified minimum

volu

10.3

Ignif

10.4

Usinlg up to three specimens, assess the burning behaviour of each specimen in accordancg

8.4.7

10.5

If fo1
from
less
valu

11
The

a)
b)

d)

Ine [raction of oxygen shall be selected.

 Igniting the test specimen

e the test specimen in accordance with 8.3.

| Assessing the burning behaviour of the test specimens

| and 8.4.3.

} Expressing of results

atleast two out of the three specimens tested, the flaine is extinguished before the reley

than the specified value. Otherwise, record that the OI of the material is less than t
b or determine the Ol in accordance with Clatise 8, as appropriate.

lTest report
test report shall include the follawing information:
h reference to this documeng,\ite. ISO 4589-2;

h statement that the test results relate only to the behaviour of the test specimen
ronditions of this test)and that these results shall not be used to infer the fire haz
materials in otherforms or under other fire conditions;

hll details negessary for identification of the material tested, including, where releva
bf material;»its density, its previous history and the specimen orientation with res
hnisotrepy in the material or sample;

thetesSt specimen form (I to VI) and dimensions;

b with 8.4.1,

rant criteria

Table 3 is exceeded, i.e. an “O” response is recordéd, then record that the OI of the melcerial is not

e specified

. under the
ards of the

ht, the type
bect to any

f)

g)
h)

tretgmition procedure used tAor B, amd the igmniter used; if othertham the stamdard pr

the oxygen index or a reference to short procedure together with the relevant specifie
Ol and a report as to whether or not the material tested had a higher OI;

e.g.01-34,6%

pane flame;

d minimum

the estimated standard deviation and the oxygen volume fraction increment used, if other than 0,2 %;

a description of any relevant ancillary characteristics or behaviour, such as charrin
severe shrinkage, erratic burning or after-glow;

any deviations from the requirements of this document.

© IS0 2017 - All rights reserved

g, dripping,

19


https://standardsiso.com/api/?name=5a5d9cdebd39cd53a7f3cf1bb027fee4

ISO 4589-

2:2017(E)

Annex A
(normative)

Calibration of equipment

A.1 Leak tests

Leak tests ghall be carried out thoroughly on all joints where leaks could change the volume fracti
oxygen levels in the chimney from the volume fraction levels set or indicated.

A.2 Gas flow rates

The system|for indicating the gas flow rate through the chimney, to satisfy 5.4 and 8.2.5, shall be che

using a caliprated flow meter, or an equivalent device, with an accuracy equivalent to + 2 mm/s

rate throug

the chimne
= (f
T
where
F ist
qv ist
D ist

h the chimney. The flow rate shall be estimated by dividing the'total gas flow rate thr
by the cross-sectional area of the bore of the chimney, e.g. by using Formula (A.1):
v

% 10°
D2

he flow rate within the chimney, expressediff millimetres per second (mm/s);

qy

—]=1,27><106[
2

D

he total gas flow at 23 °C * 2 °C within the chimney, expressed in litres per second (1/s)

he diameter of the bore of the chimmey, expressed in millimetres (mm).

A.3 Oxygen analyser

For zeroing
same flow
Calibration

analyser re
a) Oxygen
b) Volume

than th

bponse to thevelume fraction of the oxygen source.

gas with purity of 99,99 % or more.

htef what is going to be measured, and the accuracy of volume fraction of that gas shou

, feed the analyser wWith oxygen-free nitrogen gas (purity 99,99 % or better), with
ate and pressure. a9 for the sample gases. Adjust the analyser response to (0,0 + 0,2
shall be similarly’achieved using the gas satisfying following conditions and adjusting

bn of

rked
flow
bugh

[A.1)

the
) %.
r the

fraction of oxygen of gas for span adjustment should have volume fraction of oxygen higher

d be

higher

(ram=0;279%:

A.4 Mass flow controller

The mass flow controllers shall be calibrated by the manufacturer or by a qualified calibration

laboratory.

A.5 Performance check of complete equipment

The performance of the equipment may be checked, for a specific test procedure, by testing a reference
material and comparing the measured results with the expected result for the reference material.

20
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In order to use a reference material, an analysis of results should be conducted on previous tests to
establish the expected results (Ol and tolerance).

Some typical materials that can be used as reference samples are given in Table A.1. Note that the actual

OI and tolerance should be determined by either the supplier or the laboratory.

For the purpose of performance check, PMMA of non-modified transparent cast sheet based on a
homopolymer of methyl methacrylate in accordance with ISO 7823-1 can be used.

Table A.1 — Reference-material oxygen index values

ol vaiue, 7%
Material Procedure A Procedure B
Top surface ignition Propagating ignjtion
Meldmine-formaldehyde (MF) 41,0 to 43,6 39,6'to 42,5
PMNIA, 3 mm thick a 17,3t0 18,1 17,2 to 18,0
PMNIA, 10 mm thick 17,9 to 19,0 17,5 to 18,5
Phellolic foam, 10,5 mm thick 39,1 to 40,7 39,6 to 40,9
PVC|film, 0,02 mm thick Not applicable 22,4t023,6

the fange 17,3 £ 0,2.

a  These results relate to the particular material used for, and available following, the interlaboratory trial
the iptroductory paragraph above. For monthly calibration, in accordancewith Table 1, using 3 mm-thick tes
IV) df any cast PMMA free from additives, the average of three results forguch material should lie, with 95 %

referred to in

pieces (form
onfidence, in

The Jresults obtained for particular samples of certaifiymaterials tested using the proced
method in an interlaboratory trial involving 16 laboratories from seven different cou
been expressed in this table as the range within-which a single test result should be found

confidence, for each particular material/test procedure combination.

ures of this
ntries have

with 95 %
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