Mode-of-action of self-extinguishing polymer blends containing large aspect nanoparticles:  (S. Pack et al Polymer Degradation and Stability, 2009, 94(3):306-326,and T. Kashiwage et al, Polymer,2008 49(20) pp 4358-4368 )

Stability against ignition and burning is a crucial property of polymers that are used in construction, electronics, and clothing industries. In order to render the polymer self extinguishing, current methods add large amounts (in excess of 30%) of inorganic fillers, such as metal hydroxides, or inert materials (silicates). At these concentrations the fillers also severely degrade the mechanical and aesthetic properties of these polymers, limiting their usefulness. In addition, the fillers tend to segregate in one of the phases, further destabilizing the blend, once heating begins and increasing the flammability. We have shown that the addition of very small quantities of large aspect nanoparticles (>10%) have a dramatic effect in increasing the thermal stability of both blends and homopolymer systems, while maintaining  mechanical and aesthetic properties. These particles are very effective since they act by dispersing the flame retardant materials within the segments of the polymer chains which results in stabilizing the blend against thermal decomposition , as shown in figure 2a, where large decreases in the large mass loss  rate under  within an incoming  heat flux (figure 2a) can be seen. Nanotubes are also highly effective since they increase thermal conductivity, leading to lower internal temperatures in response to the heat flux. In figure 2b we show SEM and TEM images of the char formed during combustion. The  lower inset shows clays segregating to the polymer interfaces, which not only stabilizes the blend against phase segregation, but surprisingly, leads to the formation of a clay nanotube network (upper inset and fig (2c)) which may explain the mass loss rate reduction. 
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Figure 2: (a) Comparative mass release rate from cone calorimeter of PS/PMMA blends with and without flame retardant formulations. A sharp decrease is noted only with the addition of functionalized clays and FR. (b) SEM and TEM of the chars formed from the flame retardant blend. In the lower left hand corner note the clay segregated to the PS/PMMA  domain interfaces. Once the PMMA has evaporated, the platelets fold forming the tubes circled  in the upper inset. (c) Cartoon illustrating the clay nanotube formation process: Clays segregate to the polymer interfaces due to in-situ graft formation. PMMA is more volatile than PS leaving a void upon evaporation. Internal pressured cause platelets to curl  up forming the tubes. The tubes in turn are efficient at conducting heat, and hence increasing the flame  stability.








