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 Abstract 
 

In an effort to develop a more environmentally-benign flame retardant for polyurethane foam (PUF), 

layers of halloysite clay nanotubes (HNT) stabilized by branched polyethylenimine (BPEI) or 

poly(acrylic acid) (PAA) were deposited from aqueous suspensions to create multilayered 

nanocomposite coatings. PUF is very flammable and widely used in upholstered furniture 

throughout the world. Foam treated with five BPEI-HNT/PAA-HNT bilayers (BL), deposited using 

layer-by-layer (LbL) assembly, was rendered self-extinguishing in open flame testing, as shown in 

Figure 1. Cone calorimetry reveals that this coating reduces the peak heat release rate (pkHRR) by 

62%. Due to the tubular morphology of HNT, small volatile gasses given off during combustion are 

trapped, so total smoke release (TSR) is reduced by 60%. Infrared spectroscopy suggests this 

multilayer film survives during combustion, forming a HNT-rich barrier that prevents mass and 

energy transfer during open flame testing and calorimetry. The significant reductions in pkHRR and 

TSR, along with the self-extinguishing behavior, indicate that these halloysite-based multilayer films 

have the potential to greatly improve PUF fire safety. At its core, LbL is a solution deposition 

technique in which layers of cationic and anionic ingredients are built up via electrostatic attractions 

in an alternating fashion, but it has the drawback of numerous processing steps.  In an effort to more 

quickly impart flame retardant behavior to blended fabric, and in an environmentally-benign manner, 

an aqueous polyelectrolyte complex (PEC) was utilized. Blends of cotton with synthetic fibers are 

widely used for various military and industrial applications. Using chitosan and an insoluble 

phosphorus source in alternating layers, less than 15 wt% coating is necessary to impart self-

extinguishing properties to a polyester-cotton fabric. Immediate self-extinguishment in the vertical 

flame test and a significant reduction of peak heat release of the fabric are the result of this coating. 

In an effort to impart flame retardant behavior to fabric using fewer processing steps, a water-soluble 

polyelectrolyte complex (PEC) was devloped. This nanocoating is comprised of polyethylenimine 

and poly(sodium phosphate) and imparts self-extinguishing behavior to cotton fabric in just a single 

coating step. Adding a melamine solution to the coating procedure as a second step renders nylon-

cotton blends self-extinguishing. This work demonstrates the ability of a PEC nanocoating to prevent 

ignition of textiles with few processing steps, relatively low weight gain, and environmentally-

benign ingredients. Our flame retardant work has been highlighted in C&EN, ScienceNews, Nature, 

Smithsonian Magazine, Chemistry World and various scientific news outlets worldwide.  For more 

information, please visit: http://nanocomposites.tamu.edu.  
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