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INTERNATIONAL STANDARD

1ISO 10351:1992(E)

Plastics — Determination of the combustibility of specimens
using a 125 mm flame source

‘ 1 Scope

scale labo

atory screening procedure for comparing

1.1 This 1nternational Standard specifies a small-

the relativ
of plastics
when expo
ergy level
to both sqg
terials with
determinegq

material

burning behaviour of small specimens
and also their resistance to burn-through
sed to an ignition source of medium en-
500 W flame). This method is applicable
lid materials and cellular plastics ma-
a density of 250 kg/m3 or greater when
in accordance with 1ISO 845,

erformance, for example for quality-

1.2 This }uethod of test is intended to characterize

control pu
behaviour
The test 1
preselectig

poses, and is not intended to assess the
o fire of building materials or furnishings.
hethod described may be used for the
n acceptance of a material; provided that

positive r
equals th
cation. Th

ults are obtained at a(thickness which
smallest thickness used in the appli-
results obtainedCprovide some infor-

mation abgut the behaviour-ef plastics materials in
service, bt can never by themselves assure safe
performange in service:

NOTE 1
nents, e.g.

Test results are influenced by material compo-

igments, fillers, fire-retardant concentrates.

2 Normative references

The following )standards contain provisi
through reference in this text, constitute

bns which,
provisions

of this International Standard. At the time of publi-
cation, the editions indicated were valid. All stan-

dards’ are subject to revision, and

parties 1o

agreements based on this Internationa| Standard
are encouraged to investigate the possibility of ap-
plying the most recent editions of the stgndards in-

dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 291:1977, Plastics — Standard atmogpheres for

conditioning and testing.

ISO 293:1986, Plastics — Compression mg
specimens of thermoplastic materials.

ulding test

ISO 294:1975, Plastics — Injection modylding test

specimens of thermoplastic materials.

ISO 295:1991, Plastics — Compression n

test specimens of thermosetting materialg.

ISO 845:1988, Cellular plastics and rubber
mination of apparent (bulk) density.

oulding of

s — Deter-

1.3 This test method subjects smaill specimens of
plastics to a flame source approximately 10 times
more severe than the flame source used in
1SO 1210.

1.4 The classification system described in
annex B is intended to provide guidance for pre-
ferred levels of performance when this method is
used for quality assurance and the preselection of
component materials for products.

1) To be published.

18O 1210:1992, Plastics — Determination of the burn-
ing behaviour of horizontal and vertical specimens
in contact with a small-flame ignition source.

ISO 5725:1986, Precision of test methods — Determi-
nation of repeatability and reproducibility for a stan-
dard test method by inter-laboratory tests.

ISO 10093.—", Plastics — Fire tests — Standard ig-
nition sources.
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3 Definitions

For the purposes of this International Standard, the
following definitions apply.

3.1 afterflame: Persistence of flaming of a material
after the ignition source has been removed.

3.2 afterflame time: The length of time for which a
material continues to flame, under specified test
conditions, after the ignition source has been re-

be described in the test report. The preferred oven
conditioning conditions shall be 7 days at 70 °C.
However, other oven conditioning times and tem-
peratures may be used if agreeable to all parties
and shall be noted in the test report.

5 l?rinciple

5.1 This method requires the use of:two specimen

moved.

3.3 aftarglow: Persistence of glowing of a material
after cesgsation of flaming or, if no flaming occurs,
after the| ignition source has been removed.

material|l continues to glow, under specified test
conditions, after the ignition source has been re-
moved gnd/or cessation of flaming.

34 aftlrglow time: The length of time for which a
I

4 Significance of test

4.1 Tegts made on a material under the conditions
specified in this International Standard can be of
consideable value when comparing the relative
burning [behaviour of different materials, controlling
manufadturing processes, or assessing any change
in burnipg characteristics prior to, or during, use.
The resllts obtained from this method are depén-
dent on| the shape, orientation and environment
surrounding the specimen and on the conditiohs of
ignition. |Correlation with performance under actual
service ¢onditions is not implied.

4.2 Assessment for fire hazard requires consider-
ation of|such factors -as fuel contribution, intensity
of burning (rate of heat release), products of com-

configurations to characterize mateLiaI perform-
ance. Bars (clause 9) are used tojasisess burning
behaviour, while plates (clause, 10)"arg used to as-
sess the resistance of the material to|burn-through
{penetration of the flame thfeugh the surface of the
specimen on the side opposite the ignition source).

5.2 The effects gb-thie burning behayiour of addi-
tives, deterioration and possible logs of volatile
components are)measurable using thig method. Re-
sults obtained using this method may serve to com-
pare the-relative performance of matefials and can
be helpful in material assessment.

6 Apparatus and materials

6.1 Laboratory fume hood (cupboard) having an
internal volume of at least 0,5 m®, with a door that
can be completely closed. The enclos re shall per-
mit observation .and shall be draughi-free while
permitting normal thermal circulation ¢f air past the
specimen during burning. For safefy and con-
venience, it is desirable that this enclosure be fitted
with an evacuation device, such as an| exhaust fan,
to remove products of combustion ich may be
toxic. However, it is important to be able to turn off

bustion, |and environmental factors such as the in-
b the flame soOufce, orientation of  the
material and ventilation conditions.

tensity
exposed

4.3 Bu
method,

is affected by such factors as the density,

colour a

d anisotropy of the material and the thick-

ning behaviour, as measured by this test

the device during the actual test and to
immediately after the test to remove
of combustion.

NOTE2 The amount of oxygen availay
combustion is obviously important for t
these flame tests. For tests conducted b
when burmng times are protracted, enclos

start it again
the products

le to support
he conduct. of
y this method
ure sizes less

ness of the_specimen.

4l

4.4 Certain materials may shrink from the applied
flame without igniting. In this event, test results are
not valid, therefore additional bar specimens are
required to obtain five valid test resuits for each
conditioning. If all test specimens shrink from. the
applied flame without igniting, these materiais are
not suitable for evaluation by this test method.

4.5 The burning behaviour of some plastics ma-
terials may change with time. It is accordingly ad-
visable to make tests before and after oven
conditioning by an appropriate procedure that shall

4 HP* | % FES
TrrarT—t u: ey ot provige—accurate FeatHts.

6.2 Laboratory burner, as specified in 1ISO 10093 as
ignition source P/PF2, having a barrel length of
0 mm to 100mm and an inside diameter

(9,5 + 0,3) mm. The barrel shall not be equipped

with an end-attachment, such as a stabilizer.
NOTES

3 The burner is specified in more detail in
ASTM D 5025:1989, Standard specifications for a labora-
tory burner used for small-scale burning tests on plastics
materials.
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4 - The 500 W premixed test flame burner specified in
IEC 6€95-2-4/2:~2, Fire hazard testing — Part 2: Test meth-
ods — Part 2-4, sheet 2: 500 W nominal pre-mixed test
flame and guidance, will provide similar results when ad-
justed to produce the confirmatory time indicated in A.5.1
of the calibration procedure given in annex A.

However, in case of dispute, use the ignition source
P/PF2 as described in I1ISO. 10093.

6.3 Ring stand, with clamps or the equi’vélent, ad-

ISO 10351:1992(E)

Table 1 — Gas sources

justable for positioning the specimen.

6.4 Burner mounting block, capable of positioning
the burner at an angle of 20° from the vertical axis.

6.5 Timing device, accurate to 1 s.
6.6 Measuring scale, graduated in millimetres.

6.7 Methane gas, of technical-grade, with regulator

Heat
Gas content Flow rate Pressure
MJ/m3 mi/min rmmH,0
Methane?) 37 965 100
Propane 94 380 450
Butane 120 300 500
13N MJ‘/m3 has
been found to provide similar resuits. .

7 Specimens

7.1 Al specimens shall\be cut from & represen-

and meter
NOTES

for uniform gas flow.

5§ Other gas mixtures having a heat content of approxi-

mately 37
sults.

6 Propang
94 MJ/m?®
mately 120
procedure

In cases O

»/IJ/ms have been found to provide similar re-

having a heat content of approximately
nd butane having a heat content of approxj-
MJ/m® provide similar results when using the
jiven in clause 9.

f dispute, use technical-grade methane,

6.8 Dry, absorbent surgical cotton

6.9 Desid

cator, containing “-anhydrous calcium

tative sample of the material (sheets o
products), or shall _be) cast, injection-md
ISO 294), compreéssion-moulded (see
ISO 295), or transfer-mouided to the necs
After any cuttihg operation, care shall
remove alhdust and any particles from {
cut edges shall have a smooth finish.

7.2 Bars shall be
(43,0 £ 0,3) mm wide and (3,0 4 0,2) mm

7.3 Plates shall have sides of at least 1
a thickness of at least (3,0 + 0,2) mm.

(125 + 5) mm

r from end-
bulded (see
ISO 293 or
ssary form.
be taken to
he surface;

long,
thick.

50 mm an‘d

7.4 Other thicknesses may be used if agreeable to

all parties, but the maximum thickness
men shall not exceed 13 mm.

NOTE 7
nesses or density may not be comparable. T
different directions of anisotropy or on diffe
may also not be comparable.

of a speci-

Tests ‘made on specimens of different thick-

psts made in
rent colours

chloride of another drying @gent.

6.10 Congditioning room or chamber, capable of
being maintainedatA23 + 2) °C and a relative hu-
midity of (F0 + 5)%. '

6.11 Air-
changes per hour), capable of being maintained at
(70 % 1) °C or another agreed-upon temperature.

6.12 Micrometer, accurate to 0,01 mm.

6.13 Manometer and gas-flow meter, calibrated for
the gas being used, capable of being read to the
values given in table 1.

2) To be published

7.5 A minimum of 20 bars and 12 plates shall be
prepared. |t is advisable to prepare| additional
specimens in case the situation described in 4.4 is
encountered where the specimens shrink from the
flame without igniting. '

8.1 Unless otherwise required by the specifications
for the material being tested, condition two sets of
5 bars and 3 plates for at least 48 h at (23 + 2) °C
and (50 & 5) % relative humidity, in accordance with
1SO 291.

- Additional bars may also need to be conditioned in

case the material shrinks from the applied flame, as
described in 4.4.
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8.2 Condition two sets of 5 bars and 3 plates for
(168 &= 2) h at (70 £+ 1) °C or another agreed-upon
temperature. Then  cool the specimens in a
desiccator (6.9) over anhydrous calcium chioride for
at least 4 h at room temperature.

Additional bars may also need to be conditioned in
case the material shrinks from the applied flame, as
described in 4.4.

8.3 Conduct the tests in a laboratory atmosphere

zontal layer of dry, absorbent shrgical cotton (6.8),
approximately 6 mm thick. {See figure 1.)

9.2 Adjust the gas flow and pressure to the values
shown in table 1 for the corresponding gas ‘source,
using the general arrangement shown in figure 2.
Place the burner (6.2) away from the specimen, ig-

at (23 + 3) °C and (50 + 10) % relative humidity.

9 Test procedure for bars

9.1 Clamp a test specimen on the ring stand (6.3)
from the hpper 6 mm of its length, with the longi-
tudinal axis vertical, so that the lower end of the
specimen|is 300 mm above a 50 mm x 50 mm hori-

A

Specimen \ / |

nite the flame and, in a darkened room with the
burperin j ssition; flame. Ad-
just the gas flow, while maintaining the)values given
in table 1, until the overall height~ob the flame is
(125 + 10) mm and the height of the“inngr blue cone
is (40 4+ 2) mm. Support the burner on|the burner
mounting block (6.4) so thatthe burner {ube is pos-
itioned at 20° from the veftical. The narfow edge of
the specimen shall face the burner. (S8eq figure 1))

Mounting block

Side view ‘

1) For flame dlkmenslons; see 9.2,

A i
A1) 9 M
M08 i
! / 5 ' 1
/ N & \ /° /
: R g \ / [
8 4
L7 ——
20° &3,
%
Strgieat = \
cotton )

Front view

Figure 1 — Test assembly for bars
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Gus source)

Flow meter _J

T -
| -
Control valve : fax

Manometer

AdJustable needle valve

Figure 2 — Burner supply arrangement

Laboratory
burner -

>

Hjustable
r Intet

[=]
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Centre of plate

10 Test procedure for plates

10.1 Support a plate in the horizontal plane by us-
ing a clamp on the ring stand (6.3). (See figure 3.)

10.2 Using the procedure described in 9.2, place
the burner (6.2) away from the specimen, ignite the
flame and adjust it so that when the burner is in a
vertical position the overall height of the flame is
approximately 125 mm and the height of the inner
blue cone is 40 mm. Then, support the burner on the

...... mokint hloae (B A cnothat th burner tube

Figure 3 — Test assembly for plates

9.3 In case of dispute, use the procedure given in
annex A for calibration of the applied test flame.

9.4 Apply the flame to one of the lower cornets of
the specifnen at an angle of 20° from the vertical, so
that the t|p of the blue cone just touches the speci-
men.

9.5 Apply the flame for 5 s and, then remove it for
5 s. Repgat this until the specimen has been sub-
jected tolfive applications~of-the test flame. If the
specimen drips particles\or elongates during the
test, adjupt the height(of'the burner so that the tip
of the innfer blue cohe-is in contact with the major
remaining portion.of'the specimen corner.

9.6 Aftel the fifth removal of the test flame, ob-

N HSY- ) 3
O CT T OUTItIT Y T Ot oTa o Ot

is positioned at 20° from the vertical.axis.

the bottom surface of the plater at an angle of 20°
from the vertical so that the tip of the blue cone just
touches the surface of the'plate.

10.3 Apply the flame to the approximE[e centre of

10.4  Apply the flamefor 5 s and then
5 s. Repeat this wntil the plate has bee
to five applications of the test flame.

serve and record. whether or not the

emove it for
n subjected

flame pen-

10.5 After the fifth removal of the tesL flame, ob-

etrated through the material {burn-throu

10.6 Conduct this test procedure on
specimens for each conditioning.

41 Precision

11.1  The precision data were determi
inter-laboratory experiment conducted
volving 10 laboratories, 6 materials (lg
replicates each using the average of §
The analysis was conducted on 3-mm-

h).

at least 3

hed from an
in 1988 in-
vels) and 3
data points.
thick speci-

mens. The results were analysed using 1SO 5725

and are summartized in tables 2 and 3.

11.1.1 Repeatability

The difference between two independent averages,

determined from 5 specimens, should
repeatability shown in tables 2 and 3 ndg
once in 20 cases on average.

exceed the
t more than

serve and record the following:
a) afterflame time;
b) afterglow time;

c) whether or not during the test the specimen
dripped particles that ignited the cotton indicator.

9.7 Conduct this test procedure on at least 5
specimens for each conditioning and record the av-
erage value.

T2 Reproducibility

The difference between two independent averages,
determined from 5 specimens, should exceed the
reproducibility shown in tables 2 and 3 not more
than once in 20 cases on average.

11.2 The two averages determined from 5 speci-
mens are to be considered suspect and not equiv-
alent if they differ by more than the repeatability and
reproducibility shown in tables 2 and 3. Any judge-
ment per 11.1.1 or 11.1.2 would have an approxi-
mately 95 % (0,95) probability of being correct.



https://standardsiso.com/api/?name=5e9694b5e3fc0134513aba3477817f4b

Tabies 2 and 3 are only intended to present a
meaningful way of considering the approximate
precision of this test method for a range of ma-
terials. These data should not be rigorously applied
for the acceptance or rejection of material, as they
are specific to the inter-laboratory test and may not
be representative of other lots, conditions, materials
or laboratories.

12 Test report
The test report shall include the following infor-

1SO 10351:1992(E)

f) colour of the specimen;
g) conditioning treatment;

h’)i any prior treatment before testing, other than
cutting, trimming and conditioning;

i). gas source, flow rate and pressure used;
j) individual test values, including:

1) afterflame time for each specimen after the

mation:

a) full identification of the tested product, including
the manufacturer’'s name, number or code;

b} referepce to this International Standard;

¢) -indiviqual specimen ‘thickness, to the nearest
0,1 mm;

d) nominjal apparent density (rigid cellular ma-
terialg only); '

e) direction of any anisotropy relative to the test
specimen dimensions;

Table 2 — Precision data on the afterflame time after the fifth flame application

fifth removal of the flame;

2) afterglow time for each specimen after the
fifth removal of the flame;

3) whether the cotton dndicator pad was ignited;
4) average afterflame time of the 5 $pecimens;
5) average aftergiow time of the 5 specimens; .

8) whether the flame penetrated through the
plate'specimens. ‘

Values in seconds

p . . Material
arameter PBT(1) PBT(2) PA PPO PC UP
Average 150 1,2 1,5 10,3 2.1 6,7
Repeataljility 1.1 1,6 0,8 11,6 1,9 5,4
Reprodugibility 1,7 3,0 2,6 16,8 2,9 15,1
Table 3 — Precision data on the afterflame or afterglow time after the fifth flame applicatjon

Values in seconds
p \ Material
e PBT(1) PBT(2) PA PPO PC up
Average 9,1 9,4 1,5 10,3 2,2 : 8,3
Repeatability 572 27 0.9 1.6 T.8 50
Reproducibility 16,5 17,0 2,5 16,6 2,8 14,4
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Annex A

(normative)

Procedure for calibration of a 125 mm test flame

A Principle

In case of dispute, use the lgnmon source P/PF2 as
described in 1SO 10093

A 125-mmj-high test flame with a’ 40-mm-high inner
blue conelis obtained with a gas supplied at a given
pressute and flow rate. A thermal ‘sensor is then
positioned over the flame, ‘and the time required for
the temperature of the sensor to increase from
100 °C to [f00 °C is determined. This time is used to
confirm thie heat evolution profile of the test flame.

A.2 Significance of the test

A.2.1 The flame héight and colour (indicative of the
air-to-gas|ratio) for a test flame have traditionally
been spegified in the individual test method.

The energy content of the flame is known by refer-
ence to a
the supply gas pressure and flow rate can be varied
without affecting the height and colour of the flame,
however, [they do affect the energy content of the

flame. Thls procedure specifies the pressure-and

flow rate |of the supply gas and provides-‘a cali-
bration_prpcedure for confirming the heat flux proflle
ofthe test|flame.

A.2.2 In rmation is provided for/the test flame
using methane, propane or butane. Using this infor-
mation, these supply gases.-can be used inter-
changeably with.a standatdized burner to produce
essentially the same flame.

A.3 Apparatus

A3l LaBorate&y—Fume—heed—@m»beeH)—h-ewﬁg—aﬁ—

inside volume of at least 0,5 m”, with a door that can
be completely ciosed. The enclosure shall permit
observation and shall be draught-free while permit-
ting normal thermal circulation of air past the ther-
mal sensor.

A.3.2 Laboratory burner, as specified in ISO 10093
as ignition source P/PF2, having a barrel iength of
90 mm to 100 mm and an inside diameter of
(9,5 £ 0,3) mm. The barrel shall not be equipped
with ‘an end-attachment, such as a stabilizer. (See
also notes 3 and 4in 6.2)

pecific supply gas. it has been shown that .

A.3.3 Manometer and gés flow rheter, calibrated for

the gas being used, and capable of being

values given in tableA.1.

Table A1 — Gas sources

read to the

G Heat content Flow rate Pressure
as )
MJjm® - mi/min mmH,0
Methane!) 37 965 100
Propane - 94 380 450
Butane 120 300 500

1) Natural gas having a heat content of 37 MJ/n
found to provide similar results.

he has been

‘ Dimensions
N
a
o
H
"
i Al
| 4
pad
i o
] g
e &
' H o
I g N
0 o)
IN] -«
]
. 1y
i
]

in millimetres

m Hole drilled ¢ 0.5 by 6 *0,02 deep

®9%0,01

Material:

High-conductivity copper
Mass (10 + 0,05) g

Polished ali over

Figure A1 — Thermal sensor
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A.3.4 Thermal sensor, comprising a copper slug,
8 mm in diameter, with an overall length of 20 mm,
having a 4-mm-long conical section at the tip so that
the diameter is reduced from 9 mm to 3 mm (see
figure A.1). A Type K 0,089-mm-diameter thermo-
couple with protective 38 AWG stainless-steel
sheathing of 0,5 mm diameter should be peened into
the top of the block to a depth of 6 mm (see
figure A.2).

A.3.5 Temperature indicator, to determine the tem-
perature of Type K thermocouples.

iSO 10351:1992(E)

A3.7 Stop-watch, accurate to 1 s.
A.3.8  Gas supply, of methane, propane or butane.
A.3.8.1 Methane, technical-grade, 98 % minimum

purity, having a heat content of 37 MJ/ma.

NOTE 8  Natural gas having a heat content of 37 MJ/m®

has been found to provide similar resuits.

A.3.8.2 Propane, natural grade, 96 % minimum
purity, having a heat content of 94 MJ/ma.

A.3.6 ting stand, with clamps or the equivalent,
adjustaple for positioning the specimen.

A.3.8.3 Butane, chemically pure grade, 99 % mini-
mum purity, having a heat content of 120 MJ/m°®.

Dimensipns in millimetres

Temperature
measurement
apparatus

N

Copper hammered to retaln the
thermocouplé witheut damagling It

\ figure A.1

Copper slug in
accordance with

150

55

TR\

Figure A.2 — Arrangement to check the temperature of the flame -
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Flow meter \d

— Coptrolvalve . M wor J

Laboratory
burner

Gas source ’___—_——_——

A.4 Calibration procedure

A.41 Place the burner (A.3.2) in the laboratory
fume hodd (A.3.1). Connect the burner to thé,gas
supply (Al3.8), in line with a control valve, flow meter
and mangmeter (A.3.3). (See figure A.3.)

A.4.2 Connect the leads of the-Type K thermo-
couple ($ee A.3.4) to the temperature indicator
(A.3.5).

A.4.3 Clamp the thermoectauple sheath above the
burner, along its central.axis, so that the copper slug
(A.3.4) is suspended 75'mm from the clamp. Position
the slug |55 mm Jrom the top of the burner (see
figure A.2).

A.4.4 Move the burner away from the copper slug
to ensure there is no influence of the flame on the
slug during preliminary adjustment of gas and air
flows.

A.4.5 Ignite the flame and adjust the gas flow rate
and pressure as specified in table A.1. Adjust the
needle valve and air ports of the burner until the
overall height of the flame is 125 mm.and the height
of the inner blue cone is 40 mm, when viewed in
subdued light.

10

/

Manometer

AdJust@ble

air Intdt
/—

Adjustable needle valve : ; \

Figure A.3 — Burner supply arrangement

A.4.6 Ailow the burner to operate for § min to sta-

bilize the working temperature.

A.4.7 The ‘initial temperature of the
shall be (23 4 2) °C.

A.4.8 Reposition the burner under

copper slug

he thermal

sensor. Start the stop-watch (A.3.7) when the tem-

perature of the copper slug reaches 100
it when the temperature reaches 700 °C
time. Remove the burner and allow the
1o cool naturally in air to (23 + 2) °C.

A4.9
fore, conduct a preliminary run to condi

face of the copper slug. Discard this firs

"C, and stop
Record this
copper slug

ion the sur-
result.

If the thermal sensor has not an used be-

A.4.10 Repeat the heating procedure| (A.4.8) two

aleliti |
AUUTUIUITAl UGS,

determinations.

A.5 Calibration

of the three

-‘A.5.1 The ‘time to raise the temperature of the

thermal sensor from 100 °C to 700 °C by the 500 W

flame shall be (54 &+ 2) s.
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