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ABSTRACT: The burning behavior of commercial flame retardant (FR) polyester
curtain fabric samples with varying weights in the range of 300–550 g/m2 is
investigated using cone calorimetry. The weight of the fabric per unit area is found
to influence the peak heat release rate, rate of heat release (RHR), smoke release,
and other parameters. Oxygen consumption by the burning fabric needs to be given
due importance while selecting the curtain fabrics for application inside the
closed interiors.
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INTRODUCTION

TEXTILE MATERIALS IN the form of curtains and furnishing fabrics
are used to enhance the interior aesthetics of a building and all forms

of transport including civilian and military vehicles. According to an
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estimate [1], a total of 0–100 kg of curtain fabric is used inside the interior
of an aircraft and the total combustibles weigh up to 3300–8400 kg. Though
the textiles in the form of curtain fabrics enhance the aesthetics of the
interior, being flammable they present a definite hazard to the occupants
in the event of a fire. For the year 1997, 94% of the fire fatalities in dwellings
reported in United Kingdom were associated with the burning of
upholstered furniture [2].
FAA 25.853 [3] specify a variety of test methods and performance

criteria for all interior materials, including seat cushions, to ensure fire
safety. United States Coast Guard (USCG) fire related regulations specify
that furnishing materials are to be USCG approved ‘Fire Resistive
Materials’ [4]. The USCG specifies that draperies, curtains, and other
similar furnishings must meet ASTM E-84 or ASTM E-648 [5] and NFPA
701 [6]. The International Maritime Organization (IMO) recommends test
methods and criteria for determining the resistance to flame of vertically
supported textiles and films used primarily as vertically hanging curtains
and draperies [7]. A recent study [8] comprehensively reviews the US
flammability and smoke emission requirements for passenger rail cars
and states that the requirements for passenger train fire safety consist of
small-scale test methods to determine one or more of the four different fire
performance phenomena viz., fire endurance, smoke density, burn length,
and ignition resistance without giving any due importance to the heat
released during burning. In any fire scenario, it is the heat released or more
specifically the rate of heat release (RHR) by the burning material that
sustains the fire due to the positive feedback mechanism involved in the
process of burning. Also, the heat released by the burning material can
influence the nearby materials to catch fire. Most other variables in a
fire, viz., smoke, toxic gases, and room temperature tend to increase with
increasing RHR. Hence, it is relevant to evaluate the heat release parameter
of any burning textile material to have a meaningful evaluation of the
flammability. The present study evaluates the flammability behavior of
commercially available inherently flame retardant (FR) polyester curtain
fabric in three different weight ranges using cone calorimeter at a preset heat
flux of 50 kW/m2.

EXPERIMENTAL

Materials

Commercially available inherently FR polyester curtain fabrics weighing
340, 435, and 555 g/m2 were used in the present study.
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Preparation of Sample

Samples of 100� 100mm in size were cut from the commercially procured
fabrics. The cut samples were inserted into boats of a suitable size made out
of a single layer of aluminum foil with its shiny side towards the sample. The
sample thus prepared was secured in the sample pan with sufficient backing
of ceramic wool blanket (60 kg/m3 density) over the ceramic block. An
optional wire grid was used over the sample as a precautionary measure to
prevent the sample from touching the electrodes on swelling and entering the
cone heater zone. The retainer frame was placed around the sample so that
only 88 cm2 of the top surface of the sample was exposed to the radiating
conical heater.

Cone Calorimeter

A cone calorimeter that operates on the ‘oxygen consumption’ principle
[9–11] and made by Fire Testing Technology Limited, UK was used
in the testing of samples as per ASTM E 1354. A preset heat flux of
50 kW/m2 was used in the present study. The level of heat flux
chosen represents severe fire exposure, consistent with the actual train
fire tests [8].

RESULTS AND DISCUSSION

Ignition Time

The values of ignition time (tig) of the fabric samples considered are given
in Table 1. It can be seen that the fabric samples, irrespective of differences
in weight, take almost the same time (in the range of 42–44 s) to ignite. Prior
to the experiments, it was presumed that the samples with the higher weight
would have higher tig, which was proved otherwise. This can be attributed to
the samples possessing the same chemical constitution with the difference
in weight.

The ignition time (tig: 42–44 s) values recorded for the commercially
available FR polyester curtain fabrics of weight range 300–550 g/m2

considered is almost twice that of the ignition time reported in a
recent study (tig: 21–22 s) for an ordinary polyester fabric of weight
1200–1230 g/m2 [8] subjected to a heat flux of 50 kW/m2 that is similar to
the heat flux used in the present study. This difference in the tig
values clearly highlight the advantage of using lightweight inherently
FR fabrics in lieu of ordinary non-FR fabrics. The use of the
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FR fabrics provides more time to (a) escape from the scene of fire and (b)
fight the fire.

Heat Release

Figure 1(a) and (b) shows the RHR and total heat release (THR) for the
samples considered. The average heat release rate (RHRavg) values are given
in Table 1.
As can be seen from the curves, the values of RHR, THR, peak RHR,

and RHRavg tend to increase with the increase in weight of the fabric
samples considered and this is attributed to the higher amount of fuel per
unit area that is available with higher weight fabric samples. The higher
values of RHR, THR, peak RHR, and RHRavg for the heavy weight fabric
sample (555 g/m2) vis-a-vis the other two fabric samples are due to the
higher amounts of fuel burnt or lost per unit time as indicated by the average
mass loss rate values listed in Table 1.

Effective Heat of Combustion

The values of effective heat of combustion (Hc) obtained for the samples
considered in the present study are given in Table 1. As can be seen, effective
heat of combustion remains almost the same irrespective of the differences
in the weights of the samples and this is obvious as the Hc is the ratio of the
heat released to the mass lost. The Hc values (11.1–11.7) obtained in the
present study are slightly lower than the reported values of 12.77 [12] and
12.2 [8] and this may be attributed to the FR additive in the samples
considered.

Oxygen Consumption

The equipment cone calorimeter used works on the oxygen consumption
principle wherein the heat released by any burning organic sample is

Table 1. Results of ignition time (tig), average heat release (RHRavg), average
mass loss rate (MLRavg) and effective heat of combustion (Hc).

Fabric sample
weighing (g/m2) tig (s) RHRavg (kW/m2) MLRavg (g/s) Hc (MJ/kg)

340 44 51.60 0.044 11.7
435 42 63.45 0.052 11.3
555 42 76.85 0.063 11.1
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constant for the unit weight of oxygen consumed. The amount of oxygen
consumed during the burning can be vital for the selection of materials for
use in the interiors of underwater systems or space vehicles as they do not
communicate with the ambient and the oxygen is always at the premium to
support the habitants.

The drop in oxygen concentration during the process of burning and
the total oxygen consumed are shown respectively in Figure 2(a) and (b).
Obviously, the drop in oxygen and total oxygen consumed are higher for
heavy weight fabric, as the higher fuel available per unit area needs more
oxygen to burn. Realizing the necessity of improved materials that have zero
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FIGURE 1. (a) RHR and (b) THR of fabric samples.
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heat release and hence no consumption of oxygen, efforts are made in that
direction [1].

Smoke Release

In most fires, the hazards of thermal injury or burns are usually present
only in the proximity of the fire itself. However, it is the physiological
and behavioral effects of the inhalation of smoke, which can be manifested
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FIGURE 2. (a) Drop in oxygen concentration and (b) total oxygen consumed by the
burning fabric samples.
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even at considerable distances from the fire, that have created the most
attention and concern among fire safety experts and the general public.

Figure 3(a)–(c) presents the rate of smoke release (RSR), smoke
production rate (SPR) and total smoke release (TSR) respectively, for
the fabrics considered in the present study. As can be seen, all the three
parameters show an increase as the weight of the sample increases,
although the peak values in respect of RSR and SPR show only a marginal
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FIGURE 3. (a) RSR; (b) SPR; and (c) TSR for the burning fabric samples.
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difference in respect of samples weighing 435 and 555 grams per square
meter (GSM).

Carbon Monoxide (CO)

The toxic gas with the greatest individual fire hazard present in all fires is
CO as it is a combustion product of any organic material. The CO,
on inhalation, leads to the formation of carboxyl hemoglobin (COHb)
in blood. Although the exact lethal level of COHb is heavily dependent on
the individual affected, any value above 20% can lead to death [13]. Also,
it has been reported that about 70% of fire fatalities result from smoke
inhalation [14].
Figure 4(a) and (b) presents the release of CO in ppm and the rate of CO

release respectively, for the fabrics considered. As is evident from the figures,
the production of CO increases as the weight of the fabric increases
and the same trend can be seen for carbon dioxide (CO2) as shown in
Figure 4(c) and (d).
The peak levels of concentration of CO liberated in the present

study (448 ppm for 340 g/m2 fabric and 718 ppm for 555 g/m2 fabric)
are considered far below those levels of CO concentration that will result
in fatality as levels of 400 ppm result in headache after 1–2 h while
800 ppm result in headache in 3–4 h, collapse, and possibly unconsciousness
in 2 h [15].
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FIGURE 3. Continued.
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CONCLUSIONS

. The ignition time (tig) was found to be 42–44 s for the fabrics considered
in the present study, irrespective of the increase in weight and is
attributed to the samples possessing the same chemical constitution.
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FIGURE 4. (a) Release of CO; (b) rate of CO release; (c) release of CO2, and (d) rate
of CO2 release by the burning fabric samples.
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. Peak heat release rate, RHR, and THR tend to increase with the increase
in weight of the fabric and is due to the higher amount of fuel available
per unit area of the fabric.

. Effective heat of combustion (Hc) values (11.1–11.7) remain almost the
same irrespective of the difference in weight of fabric samples.

. Concentration of CO tends to increase with the increase in weight of
fabrics. However, values recorded are far below the lethal limits.
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. In the light of findings, it is evident that, it is advantageous to use light
weight FR furnishing fabric as it leads to lower heat output, and lower
levels of CO.

. Oxygen consumption increases as the weight of fabric increases and
oxygen consumption should be considered while choosing the material
for application inside closed interiors.
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