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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
ical standardization.
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Introduction

A product with a flash point within a given range can continue to burn after initial ignition, while a
similar product, although it has a similar flash point, does not continue to burn. This document describes
a method for discriminating between those products that sustain combustion and those that do not.

The method determines whether a flammable product, when maintained at a selected test temperature,
generates sufficient flammable vapour to cause ignition when an ignition source is applied and then
continues to generate sufficient vapour to burn when the ignition source is moved to the “off” position.

This test method does not determine the flash point of the product under test but, by means of a test
procedure, merely determines if it sustains combustion at a selected test temperature; this|criterion can
be required to comply with laws or regulations relating to the storage, transport and.se pf flammable
prodycts. Before performing this test, for safety and test optimization reasons, it isustial fo determine
eithef the actual flash point of the material or know the temperature range in which the flash point is
located.

The apparatus specified in this document enables a result to be determinéd)by a rapid procedure using
a smadll test portion (2 ml).

© IS0 2021 - All rights reserved v
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RNATIONAL STANDARD IS0 9038:2021(E)

Determination of sustained combustibility of liquids

WARNING — The use of this document can involve hazardous materials, operations and
equipment. This document does not purport to address all of the safety problems associated
with its use. It is the responsibility of users of this document to take appropriate measures
to ensure the safety and health of personnel prior to the application of this document, and to
determine the applicability of any other restrictions for this purpose.

1 Slcope

This
prodt
temp

NOTE
on thd
subst{

Hocument specifies a procedure, at temperatures up to 100 °C, to determine’ whe|
ct, that would be classified as “flammable” by virtue of its flash point, sustains comj
brature(s) specified e.g. in regulations.

Many national and international regulations classify liquids as presenting a flammable]
ir flash point, as determined by a recognized method. Some of these ¢egiilations allow a de
nce cannot “sustain combustion” at some specified temperature(s).

ther a liquid
ustion at the

hazard based
rogation if the

The procedure is applicable to paints (including water-borne pdints), varnishes, paint binders, solvents,

petro
surfa

This 1
ofap

2 N

The f]
const
undat

[SO1
ISO 3
ISO 3
[SO1

3 1

Jleum or related products and adhesives, that have a.flash point. It is not applicab
Ces in respect of assessing their potential fire hazards.

roduct.

ormative references

bllowing documents are referred\to’in the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed references, the latest edjtion of the referenced document (including any amendmg

h13, Paints and varnishes —="Examination and preparation of test samples
1 70, Petroleum liquids—— Manual sampling
|71, Petroleumdiquids — Automatic pipeline sampling

b 528, Paintsyvarnishes and raw materials for paints and varnishes — Sampling

erms and definitions

e to painted

est method is applicable, in addition to test metkods for flash point, for assessing the fire hazard

their content
applies. For
ents) applies.

For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

sustained combustibility
behaviour of a material, under specified test conditions, whereby its vapour can be ignited by an
ignition source and, after ignition, sufficient flammable vapour is produced for burning to continue for
atleast 15 s after the source of ignition has been removed

© IS0 2021 - All rights reserved
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3.2
flash point

lowest temperature of the test portion, adjusted to account for variations in atmospheric pressure from
101,3 kPa, at which application of an ignition source causes the vapour of the test portion to ignite and
the flame to propagate across the surface of the liquid under the specified conditions of test

4 Principle

A test portion of specified volume is introduced into a test cup, which is maintained at the test

temperature

. After a specified time, an ignition source is applied.

In connectio
well as with
with derived

The propert)
components,
source has b

Figure A.1.

5 Apparz

h with the United Nations recommendations on the Transport of Dangerous Good
the Globally Harmonized System of Classification and Labelling of Chemicalslil an
national/EC regulations, temperatures of 60,5 °C and 75,0 °C are specified fofthis te

 of the product to sustain combustion is assessed based on the ignition~oPits vapo
when exposed to an ignition source, and whether it continues to burnmjafter the ig
een moved to the “off” position. The “off” and “test” positions of thé ignitor are sho

jtus

5.1 Combustibility tester, as specified in Annex A.

5.2 Electri

cal heater, attached to the bottom of the test cup‘in a manner that provides efficient tr4

of heat. The heater control shall be capable of maintaining;the test cup temperature, as measured

temperature

The combust

5.3 Gauge
2,2mm % 0,1

5.4 Tem
dimensions,
verification 4

It shall have

When in po
transfer past

measuring device, and in a draught-free area, within + 0,5 °C for test temperatures < 1

ibility tester, heater and heater control unit may consist of an integrated apparatus.

for checking that the height of\the centre of the gas jet above the top of the test
mm. A calibrated metal striptis suitable.

berature measuring device, suitable for horizontal operation, and of suitable rang
with a resolution 0,5.°C or better. A resolution of 0,1 °C is recommended as it sim
nd calibration.

hn accuracy £055 °C.

sition, i\ the block, the temperature measuring device shall be surrounded with
e to ensure good heat transfer between the block and the measuring device.

(2] as
1 also
st.

1r's or
hition

wn in

nsfer
n the
00 °C.

Cup is

e and
blifies

heat

5.5 Stopw

afch or other suitable timing device, capable of measuring 15 s + 15, 30 s + 1

s and

60s*2s.Th
5.6 Syring

5.7

e timing device may be fitted with a means of producing an audible signal.

e or pipette, capable of delivering 2,00 ml to an accuracy of + 0,05 ml.

Ignition source and gas supply, fuelled by natural gas, coal gas, butane or any other gas found

to be suitable and with gas jet fitted with a suitable regulator, or other means of regulating the gas flow,

such that the

width of the flame can be adjusted to 4,0 mm #* 0,5 mm.

5.8 Draught shield, to minimize draughts, fitted at the back and two sides of the instrument. A shield
350 mm high, 480 mm wide and 240 mm deep is suitable. The shield shall not be placed too close to the

apparatus to

avoid air turbulences over the test portion.
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5.9 Barometer, measuring absolute pressure, with an accuracy of 0,5 kPa and resolution of 0,1 kPa.
Do not use aneroid barometers pre-corrected to give sea level readings, such as those used at weather
stations and airports.

6 Preparation of apparatus and verification
6.1 The test shall not be carried out in a small confined area because of the risk of explosion.

6.2 Thoroughly clean and dry the test cup and assembly before use, taking care not to damage the
surface of the test cup.

6.3 |Position the combustibility tester on a level, stable surface and away from stronglight (to facilitate
observation of a flash or flame). Ensure that the top of the metal block is horizontal.

6.4 [Use the gauge (5.3) to check that the jet is 2,2 mm * 0,1 mm above_the top of the block (see
Figure A.2).

6.5 |Itis essential that the apparatus is set up in a draught free area.
NOTE An air speed of greater than 0,05 m/s within 50 mm of the‘top of the test cup can affect|the result.

Surround the tester on three sides with a draught shield (5.8) for protection. If a fume hood is used,
minirize the draught around the test cup.

6.6 |Verify the accuracy of the temperature measuring device (5.4) and the barometer (5.9), at least
every|12 months or more frequently as indicated By a user verification schedule.

6.7 |Verify the performance of the apparatus, using reference materials in accordance with Annex B at
least ¢very 12 months or more frequently‘as indicated by a user verification schedule.

7 Sampling

7.1 [Paints, varnishes and related products

Take ja representativé-sample of the product to be tested, as described in ISO 15528. Examine and
prepdre it for testing,as described in ISO 1513.

7.2 |Petrolewm and related products

7.2.1| cSampling procedure

Take a representative sample of the product to be tested, as described in ISO 3170 or ISO 3171, as
appropriate.

The container shall be made of a material appropriate to the product being sampled and be filled to
between 85 % and 95 % of its capacity.

7.2.2 Sample handling

7.2.2.1 Obtain a representative sample of at least 50 ml and store in a clean, tightly closed container in
a cool place to minimize vapour loss or pressure build-up.

7.2.2.2 The sample shall receive only the minimum treatment to ensure homogeneity, to minimize the
possible loss of volatile constituents. After removing each test portion, immediately close the sample

© IS0 2021 - All rights reserved 3
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container tightly to ensure that no volatile components escape from the container. If this closure is not
secure, obtain a new sample.

7.2.2.3 Ensure that the sample is at least 10 °C below the selected test temperature before opening to
remove the test portion. For mobile materials, mix the sample by gentle shaking. For viscous samples, if
necessary, heat the sample in its container to a temperature such that the sample can be mixed by gentle
shaking or to at least 10 °C below the selected test temperature, whichever is lower. Ensure that high
pressures do not develop in the container.

8 Procedure

8.1 Record the absolute barometric pressure of the laboratory at the time of the test.

NOTE It is not considered necessary to correct the barometric pressure reading from ambienttempefature
to 0 °C, althoulgh some barometers automatically make this correction.

8.2 Inspect the test cup for cleanliness and absence of contamination. Use an absorbent paper tissue to
wipe clean, if necessary.

8.3 This test method may be used at test temperatures up to 100 °C..However, if no test temperature
information {s given then test at 60,5 °C and 75,0 °C.

The test is edsentially made up of three steps.
a) Anequiljbrium time of 30 s or 60 s while the sample is heated in the test cup to the test temperpture.

b) A 15 s pgriod after the ignition source has been put,aind remains, in the “test” position, after which
the ignitjon source is returned into the "off" position.

c) Afurthef 15 s period after the ignition sourcethas been returned to the “off “position.

If the sustajned-combustibility test is to ‘be reported at a specified temperature (e.g. given in
regulations ¢r specifications), calculate the adjusted test temperature using the specified temperature
by correcting for the effect of atmospheric pressure (see Clause 10). Use this adjusted temperatufre for
setting the t¢st cup temperature.

8.4 Setthelheater control so.that the combustibility tester is at the required and stable temperatjre.

8.5 Open the gas contrelvalve and ignite the ignition source with the jet away from the test position
(i.e. in the “off” positionfaway from the test cup). Adjust the ignition source using the flow control valve
so that its width conforms to the size of the flame gauge ring (see Annex A).

8.6 Chargq aZlean and dry syringe or pipette with a 2,0 ml + 0,1 ml test portion of the sample and
completely discharge this test portion into the test cup. Take care not to lose any sample. Immediately
start the timing device (5.5).

8.7 The operator shall take appropriate safety precautions during the transfer of the test portion to the
test cup and the initial application of the ignition source to the test portion. Samples containing low flash
point material can ignite violently.

8.8 Test criteria are as defined in 8.8.1 to 8.8.3.

4 © IS0 2021 - All rights reserved
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8.8.1 After a heating time of 60 s + 2 s, the test portion is deemed to have reached its equilibrium
temperature.

If the test portion vapour ignites and burns for more than 15 s, while the ignition source is in the “off”
position the sample sustains combustion and no further testing is required: proceed to 8.9.

Carefully move the ignition source into the "test" position over the edge of the test cup. Maintain it in
this position for 15 s + 1 s and then return it to the “off” position while observing and recording the
behaviour (see 8.8.2 and 8.8.3) of the test portion.

The ignition source shall remain alight throughout each test. See Clause 4. for an overview of the test
sequence.

8.8.2| If the test portion vapour ignites during the 15 s the ignitor is in the “test” pasition} and the test
portign vapour continues to burn, after the ignition source has been returned to the'“oft” ppsition, for at
least |5 s, the sample sustains combustion and no further testing is required.

8.8.3| Intermittent flashing shall not be interpreted as sustained combustion. Normally, at the end
of 15|s, the combustion has either clearly ceased or continues. In cases-of doubt, the product shall be
deemgd to sustain combustion.

8.9 |Turn off the ignition source at the end of each test using thie gas control valve, and if rlecessary, the
powef to the heater. When the temperature of the metal block 6f the combustibility tester rieaches a safe
level, remove the used test portion and clean the test cup.

8.10 |If the previous test did not sustain combustion, repeat the test twice (two more tests), using a new
test pprtion for each test.

If conjbustion is sustained beyond 20 s the flame may be safely extinguished rather than wpiting for the
flamg to extinguish itself naturally.

8.11 |If the result is that sustained combustion is not found when using a heating time of 6( s, repeat the
proceldure in 8.4 to 8.10 with new test portions but with a heating time of 30 s £ 1 s.

8.12 [If tests at the default temperature of 60,5 °C have not resulted in sustained combustioh then repeat
the pfocedure in 8.4 to 8.10 at a test temperature of 75,0 °C.

NOTE For materials_¢ontaining volatile combustible compounds, a 30 s heating time minimifes the loss of
these polatile compguhds.

ssessment of results

Parti¢ular care needs to be taken in translating results from this test method to large scale (real life)

If, during any of the tests, on test samples, carried out at different equilibrium times and different test
temperatures, the vapour of the test portion continues to burn for at least 15 s with the test flame in the
“off” position, the sample is assessed as sustaining combustion and no further testing is required.

When verifying the apparatus using reference materials, as described in Annex B, tests are always
carried out at 60,5 °C and 75,0 °C, as both results are required.
10 Calculation of the adjusted test temperature

If the absolute barometric pressure reading taken in Clause 8 is in a unit other than kilopascals, convert
the reading to kilopascals using the following:

© IS0 2021 - All rights reserved 5


https://standardsiso.com/api/?name=8ad72c42364aaa9db028d86b112963d3

IS0 9038:2021(E)

Reading in hPa x 0,1 = kPa

Reading in mbar x 0,1 = kPa

Reading in mmHg x 0,133 322 = kPa

Correct the specified test temperature (for example 60,5 °C or 75,0 °C) as shown in Formula (1):

,25(101,3-p)

M

t,=t,—0
where

t, is

t, is

p is

0,25 s

101,3 is

NOTE1 Fo

in the test temperature. The temperature correction is positive for pressufes above 101,3 kPa, and negat

pressures bel

NOTE2 Fol
to 104,7 kPa.
an ISO 3679 sf

11 Precision

Precision daf

the adjusted test temperature in degrees Celsius;

the specified test temperature in degrees Celsius at 101,3 kPa;
the ambient barometric pressure, in kilopascals;

h constant with dimensions degrees Celsius per kilopascal;

the standard pressure in Kilopascals.

all practical purposes, a 4 kPa change in atmospheric pressufeé)is equivalent to a 1,0 °C d
w 101,3 kPa.
mula (1) has been proven for barometric pressures dowh to 82,0 kPa and is strictly correct o

Atmospheric pressures corrections at pressures down to 82,0 kPa have been shown to be V|
udy!l3l.

a have not been determined at thetime of publication.

port

rt shall contain at least the following information:

s necessary for ¢complete identification of the product tested;

ce to this doeuwment, i.e. ISO 9038:2021;

htion, byagreement or otherwise, from the test procedure specified;

ent‘atmospheric pressure;

hange
ve for

nly up
alid in

whether or not the product sustained combustion and, if combustion was sustained the heating

12 Testre
The test repq
a) all detai
b) areferer
c) any devi
d) theamb
e)

time (30
f) the date
6

s or 60 s) and test temperature;

of the test.
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Annex A
(normative)

Combustibility tester

ISO 9038:2021(E)

A combustibility tester consists of a block of aluminium alloy or other corrosion-resistant metal of high
thermal conduct1v1ty (see Flgure Ad). The block has a concave depressmn [test cup) and a well drilled

rached to the
p gas jet. The
Higure A.2). A
flame gauge ring 4,0 mm #* 0,5 mm in diameter shall be engraved on top of the testef neaf the ignition
source (5.7) when it is in the “off” position. The dimensions of the block and test ¢up asserrlbly are given
in Table A.1 and the dimensions of the gas jet assembly are given in Table A:Z2:-The sensifgg element of
the tgmperature measuring device shall be located centrally under the test cup as shown ip Figure A.1.
Table A.1 — Dimensions of block and test cup assembly (see Figure A.1)
Dimension
Property mm
Diameter of block 6[1,0 to 62,5
HeigHt of block 3b,0 to 36,0
I Approximately
Diamegter of flange 95,0
ThicKness of flange Ap pro;(i(;nately
HeigHt of test cup lip above flange 0,6 to 1,0
Outsifde diameter of test cup lip Ap prz);naiately
Sphetfical radius of test cup 3B,0 to 33,5
Depth of test cup 6,2 to 6,4
Distapce from top of blockto.temperature measuring device well (centre) 16,0 to 17,0
Diamgpter of flame gaugering 4,0+0,5
Diamgpter of tempefature measuring device well Ap pro;(é)r:lately
Anglg subtended/by jet from stop (“off” position) to “test” position 45°
a  The dianyeter of the temperature measuring device well may be reduced to fit the device used.

FableA—Di . — bty fseeFi -

Property Dimension
mm

Outside diameter of jet 3,0to 4,0
Jet end taper 1,7 to 2,3
Bore of jet 0,6t00,8
Length of jet from centre of pivot to tip 36,0 to 36,2
Distance of axis of pivot from centre of test cup 38,0 to 38,2
Height of centreline of jet above top of test cup lip 2,2+0,1

© IS0 2021 - All rights reserved
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Key

5a
5b

6,4
6,2

Dimension in millimetres

17
16

1

38,2
38,0

temperatpire measuring device

stop

handle
test cup
ignition source in “off” position
ignition source in “test” position
gauge ring

Figure A.1 — Block and test cup assembly
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Dimension in millimetres

0,8
0.6
|i|
:!:
|
!
I
i
I
i
I
i
W:>
2.3
1

DL
@3
w
(o))
N
b /

Key
gis inlet

—-

gnition source
tgst cup

Figure A.2 — Gas jet assembly
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Annex B
(normative)

Apparatus verification

B.1 General

This verifica
checked at le

B.2 Refern

B.2.1 n-De

B.2.2 n-Undecane, purity > 99 % (mass fraction).

B.2.3 n-Dodecane, purity > 99 % (mass fraction).

B.3 Proce

Use only a 6
Clauses 6, 7
according to

Each referen
material sus
complete the

B.4 Expr¢

Verification i

fion procedure shall be used to check the performance of the apparatus. Apparatus'sh
ast every 12 months or as indicated by a user verification check schedule.

ence materials

cane, purity > 99 % (mass fraction).

dure

D s heating time to verify the performance'©of the apparatus. Use the procedure giy
and 8 with all three reference materials listed in B.2. Use test temperatures, adj
Clause 10, of 60,5 °C and 75,0 °C.

ce material is tested three timesAfqteach of the two specified temperature. If the refg
fains combustion in the first or second test at a specific temperature it is not necess
three tests as the reference.material sustains combustion.

tssion of results

s confirmed if theresults presented in Table B.1 are reproduced.

Table B.1 — Results for verification of the apparatus

all be

ren in
usted

rence
hry to

Referend

e material Test temperature

60,5 °C (adjusted; see Clause 10) 75,0 °C (adjusted; see Clause 1

n-Decane

Q b 1 b Q b 1 by
SUSUATITS CUTITUUS UTUIT SUSUATITS CUTITUUS UTUIT

n-Undecane

Does not sustain combustion Sustains combustion

n-Dodecane

Does not sustain combustion Does not sustain combustion

These criteria were obtained from an interlaboratory study!4l.

If the results given by the test apparatus meet the required verification performance, record this fact in

a permanent

record.

If the results given by the test apparatus do not meet the required verification performance, check that
the immediate environment of the test cup is free of draughts, and that adequate heat-transfer paste
surrounds the temperature measuring device.

10
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