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The Accumulation of Flammable Gases 
in Cone Calorimeter Tests is Responsible for Flash 
Ignition of Wool and Cotton Samples 
Hans Pottel 
Centexbel, Scientific and Technical Center of the Belgian Textile Industry, Technologiepark 7, B-9052 Zwijnaarde, Belgium 

In this paper a possible explanation is presented for the differences found between the fire behaviour of materials in 
small-scale cone calorimeter tests and the large-scale furniture calorimeter. The results obtained with cone calori- 
meter/FTIR equipment at 35 kW m-2  will show that the early flash ignitions of typical materials like cotton and wool 
are due to the liberation of flammable gases during the pyrolysis phase and the typical ignition situation on the cone 
calorimeter, that is, the presence of a sparking igniter above the sample. This fast flash ignition and the early beat 
release behaviour on the cone calorimeter may be in contradiction to the early fire growth in other fire tests where the 
ignition conditions are clearly different from pyrolysis circumstances, that is, ignition via a burning newspaper, match, 
gas flame, etc. 

INTRODUCTION 

Testing fabric/foam composites in the cone calorimeter 
has shown differences in ignition time and early heat 
release growth compared to the way the same materials 
behave in real chair-burning tests on the furniture calori- 
meter.’ In the Europur paper’, results were published of 
furniture calorimeter tests performed on an ‘FR-cot- 
ton/CMHR foam’ composite and on an ‘acrylic/non-FR 
polyurethane foam’ composite. It was found that, with 
a flaming ignition source, the early heat release growth of 
the FR cotton/CMHR composite was much smaller than 
that of the other composite. However, in the cone calori- 
meter the FR cotton/CMHR composite ignited faster 
than the other composite and the early heat release 
growth for both composites was comparable. There was 
no real explanation for that phenomenon. It was men- 
tioned that it must be recognized that ignitability on the 
cone calorimeter is, in some cases, primarily a result of 
material pyrolysis. The liberation of flammable gases due 
to pyrolysis of the material and the presence of the spark 
igniter situated immediately above the sample is acceler- 
ating the ignition of some materials on the cone. In 
a cone calorimeter test on fabric/foam composites, the 
first peak in the rate of heat release curve always follows 
very shortly after ignition. The liberation of flammable 
gases due to pyrolysis is normally followed by a rapid 
flash ignition and thus a rapid first peak. This phenom- 
enon would not occur when such composites are tested in 
chairs with different ignition sources, such as a gas flame, 
a burning candle, match or newspaper. Consequently, it 
will be difficult to correlate the fire behaviour (heat re- 
lease parameters) of such materials in a small-scale cone 
calorimeter test to those obtained from a large-scale 
furniture calorimeter test. In this paper, two examples 
will be given where emissions of flammable gases are 
responsible for the fast flash ignition of the sample in the 
cone calorimeter test. It will be shown that the fast flash 
ignition is due to methanol emissions for an FR cot- 

ton/CMHR sample and carbonyl sulphide (COS) emis- 
sions for a wool carpet sample. 

EXPERIMENTAL 

The experiments on fabric/foam composites were carried 
out using the cone calorimeter according to the CBUF 
test protocol2 and on wool carpets according to I S 0  
5660, at an irradiance flux of 35 kWm-’. An FTIR 
apparatus has been connected to the cone calorimeter. It 
has been shown3v4 that FTIR spectrometry can be used 
for quantitative on-line gas analysis for several gases 
simultaneously. Smoke samples are drawn continuously 
at a flow rate of 6 liters per minute, via a heated soot filter 
(glass fiber) through a heated transfer line to a heated gas 
cell in the spectrometer. The operating temperature was 
150°C. The sampling point was situated 20 cm in front of 
the ring sampler for the 02/CO/C02 cone gas analysers. 
Synchronization of the start of collecting spectra with the 
start of the cone calorimeter test was realized. Spectra 
were collected at regular intervals of 3 to 4 s at a resolu- 
tion bandwidth of 4 cm-’. Materials used in these tests 
were an FR cotton/CMHR composite with an ignition 
time of 15 s and a wool carpet with an ignition time of 
31 s. 

RESULTS 

Figure 1 shows the methanol spectral band in the smoke 
spectra of the FR cotton/CMHR sample, 10 s, 20 s and 
30s after the start of the cone calorimeter test. These 
results clearly demonstrate the appearance of the meth- 
anol spectral band, which is most intense before ignition 
(which occurred at 15 s) and which disappears after 
the sample ignited. As the absorbance of the methanol 
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Figure 1. Methanol emissions of an FR cotton/CMHR sample 10 s, 20 s and 30 s after the start of the cone 
calorimeter test. Ignition occurred at 15 s after the test. 
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Figure 2. Smoke gas spectra of a burning wool carpet, 26 s, 30 s, 33 s, 37 s and 41 s after the start of the test. 
Ignition occurred at 37 s. 

spectral band increases as ignition approaches, the con- 
centration of the flammable gas becomes higher (this is 
based on Beer's law, which relates absorbance A to the 
concentration c in a linear way: A = c d ,  where E is the 
absorptivity and 1 is the pathlength). 

and that the spectral band disappears immediately after 

ignition clearly indicates that the emission of methanol is 
responsible for the fast flash ignition of this particular 
composite. A quantitative analysis of methanol could 
determine the exact concentration at which ignition 
occurs, although this does not change the point stated 

The fact that methanol is extremely flammable here, that the release of methanol during the pyrolysis of 
cotton is responsible for the fast flash ignition of the 
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composite. This typical pyrolysis product will not appear 
in flaming conditions since it will be burnt before it can 
be measured by means of FTJR. The fact that there is still 
some methanol detected after the ignition time is due to 
the time delay of the collection of the spectra (this is the 
time for the smoke to reach the gas cell via a transfer line 
of 4 m length). The test conditions (here 35 kWm-2) 
determine how fast and in what concentrations the flam- 
mable gases are liberated and consequently how they will 
influence the time to ignition in cone calorimeter tests. At 
a flux of 35 kW m-’ the cone generates sufficient methyl 
alcohol to cause flash ignition. This would then give 
a rapid first peak in the rate of heat release curve. Thus, 
the easy ignition and early heat release growth of the FR 
cotton/CMHR composite in the cone calorimeter is due 
to the accumulation of flammable gases resulting in flash 
ignition of the complete test sample, which is irradiated 
uniformly over its entire surface. This is different in the 
furniture calorimeter where the ignition is very local and 
flame propagation is still very important. This will cause 
the difference in heat release behaviour in cone calori- 
meter tests and furniture calorimeter tests for the two 
composites in the Europur paper. 

A lot of (textile) materials have been tested with the 
cone calorimeter/FTIR equipment, but only wool 
showed an analogous behaviour to cotton. Here COS 
(carbonyl sulphide) is released during the pyrolysis phase 
before ignition. Wool, just like cotton, turns into a char 
residue when it is heated up and burnt, while other 
materials do not show this particular behaviour. 

Figure 2 shows the COS spectral band (2100- 
2000 cm- ’) in the smoke gas spectra of a burning wool 
carpet sample. The wool carpet ignited 37 s after the start 
of the test. From Figure 2 one can see that the COS 
spectral band grows (the spectral band of COS is most 
intense at 33 s after the start of the test) when ignition is 
approaching and disappears immediately after ignition. 
As COS, like methyl alcohol, is extremely flammable, the 
fast flash ignition of wool and the early heat release 

growth in cone calorimeter tests is mainly due to the 
liberation of this flammable gas and the presence of the 
spark igniter situated immediately above the test speci- 
men. Note also that, immediately after ignition, another 
spectral band shows up, namely SO2 (1412-1294 cm- I). 

CONCLUSION 

What has been established here for the FR cotton/ 
CMHR foam is a possible explanation for the differences 
found between the fire behaviour in the small-scale cone 
calorimeter test and the large-scale furniture calorimeter 
test. The results obtained with cone calorimeter/ 
FTIR equipment at 35 kW m-2 have shown that the 
early flash ignitions of typical materials like cotton and 
wool are due to the liberation of flammable gases during 
the pyrolysis phase and the typical ignition situation on 
the cone calorimeter, that is, the presence of the sparking 
igniter above the sample. This fast flash ignition and the 
early heat release behaviour on the cone calorimeter may 
be in contradiction to the early fire growth in other fire 
tests where the ignition conditions are clearly different 
from pyrolysis circumstances, that is, ignition via a burn- 
ing newspaper, match, gas flame, etc. The presence of 
a flamming ignition source prevents the liberation of 
measurable quantities of these flammable gases, since 
they are consumed immediately. 

Other textile materials (e.g. polypropylene and poly- 
amide carpets, other composites) and non-textile mater- 
ials (e.g. wood, PVC, etc.) have been tested in the cone 
calorimeter but none of them showed spectral bands of 
flammable gases in the spectra of their smoke gases 
during the period before ignition. The (slow) accumula- 
tion of flammable gases to FTIR measurable quantities is 
unusual about cotton and wool as opposed to other 
samples tested in the cone calorimeter. 
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EDITOR’S NOTE 

This paper presents interesting statements regarding the accumulation 
of flammable gases, which the author deems responsible for differences 
in fire performance between small-scale and large-scale fire tests. There 
is no clear evidence that the qualitative results found by the author with 
‘FR cotton/CMHR foam’ are fundamentally different from the normal 
expectation that, as a sample heats up in any small-scale test, the 
concentration of volatile combustion products increases until a flam- 
mable limit is reached and the material/composite/product 
ignites. The presence of the spark igniter in the cone calorimeter is 
unlikely to present a substantially higher intensity source of ignition 
energy than the radiant heat flux itself. More information still needs to 
be developed to understand the correlation, or lack of it, between cone 
calorimeter and furniture calorimeter fire test results. 




