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Extensive studies have been carried out on the thermal decomposition and fire
resistance of polymeric materials to reduce their high flammability. Although addition
of flame retardant (FR) has proven to be effective in controlling the fire, some of them
containing halogens, have negative effects on the environment and human health [1].
Thus, it is desirable to use an environment friendly fire retardant system for polymeric
composites. Natural fibres are increasingly being considered as a group of alternative
reinforcement materials in composites due to their certain inherent advantages,
namely biodegradability and CO2 neutrality, over the synthetic materials. Wool as a
natural protein fibre is a less flammable material because of its relatively high content
of cysteine (10 wt%), which is a sulphur containing amino acid, and nitrogen (15-16
wt%) [2]. It has also been observed that wool fibres produce char in an intumescent
manner upon combustion. On the other hand, lignocellulose fibres, such as flax and
kenaf, which are commonly thought as combustion sources in composites, the amount
of lignin content can contribute to beneficial char formation and provide a thermal
barrier. Therefore, the fire growth can be controlled by selecting suitable combination
of materials in the composites. The char-forming tendency of the natural fibres can be
increased with the addition of phosphorus based FR [3]. In particular, as a halogenfree intumescent FR, ammonium polyphosphate (APP) contains phosphorus and
nitrogen, which can contribute to improved fire retardancy for polyolefin under
combustion.
In this presentation, two different types of natural fibres, namely wool (animal-based)
and kenaf (plant-based), have been selected to investigate their influences, in
combination with suitable FR contents, on the flammability of thermoplastic polymer
composites. Standard flammability test methods (e.g. cone calorimeter and UL-94) and
thermogravimetric analysis have been employed to evaluate the fire performance and
thermal decomposition of materials, respectively. The combined effects of wool and
FR on effective char formation of the composites have achieved a significant reduction
in heat release rate in the cone calorimeter test, Figure 1(a), and self-extinguishment
after vertical flame application. The char structure formed during the cone calorimeter
test has also been studied by scanning electron microscope (SEM), Figure 1(b). As an
extension of research on wool, fibre surface has been chemically treated by amine
phosphate and phosphoric acid in order to enhance the fire resistance - Fourier
transform infrared spectroscopy and SEM have identified successful flame retardant
treatment on wool surface. In each case, attention has been given towards
maintaining/improving the mechanical properties.
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Figure 1 (a) Heat release rate curves of neat PP, wool+PP and wool+PP+APP composites, and (b)
SEM image of char surface of wool+PP+APP composite after cone calorimeter test

In addition, the burning behaviour of thermoset polymer composites with long flax fibre
has also been explored and compared with that of glass fabric reinforced composites.
Although flax is more combustible than glass, similar fire reaction properties of flax and
glass composites have been obtained due to intumescent char formed by the
combination of flax and APP. Finally some results will be presented on the overall fire
modelling of natural fibre composites, including combustion and structural damage
under fire. It is shown that heat release rate simulated by Fire Dynamics Simulator
package can match reasonably well with the experimental findings. The implications
on possible structural damage will also be discussed using fire-induced damage
prediction models [4].
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