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is a well combination of the skin-cellular layer and the 
nanoscale network structure that acts as a good insulation 
barrier to reduce flammability and smoke production of the 
composites.
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Introduction

High-impact polystyrene (HIPS) is widely used in many 
fields, such as packaging, building materials, electronic 
instruments and electrical appliances due to its low cost, 
good impact resistance and easy processing. However, its 
high flammability and smoke production during combus-
tion greatly limit its application in some areas especially in 
building construction [1]. Incorporation of flame retardants 
has been proved to be an effective way to reduce the fire 
hazard of polymeric materials.

Recently, many research studies have been performed 
to improve the flame retardancy of polymeric materials 
by incorporating nanoparticles, such as layered silicates 
(clay), layered double hydroxide (LDH), metallic oxide 
particles and so on [2, 3]. But recently, carbon nanotubes 
(CNTs) have raised great interest in the fields of polymer-
based nanocomposite because of their outstanding ther-
mal properties, remarkable electrical conductivity, high 
mechanical properties and low density [4–6]. Adding just 
a small amount of CNTs can dramatically reduce the heat 
release rate (HRR) of a large range of polymers during 
burning [7]. Accompanied with the significant reduction 
of HRR, a large volume of residues increased which cover 
the entire sample surface acting as a protection barrier to 

Abstract Nanocomposites of high-impact polystyrene 
(HIPS) with multi-walled carbon nanotubes (MWNT) were 
prepared by melt blending method. The flame retardant and 
smoke suppression mechanism of MWNT on HIPS were 
intensively investigated by transmission electron micros-
copy (TEM), thermogravimetric (TG) analysis, cone calo-
rimeter method, Fourier transform infrared spectroscopy 
(FTIR) and scanning electron microscopy (SEM). It was 
found that the addition of MWNT has no marked effect 
on the degradation mechanism of the nanocomposites, but 
it significantly reduces the smoke production rates, total 
smoke release, smoke factor, heat release rates and mass 
loss rates of the material and forms a considerable volume 
of residue after burning. The flame retardant and smoke 
suppression mechanism are due to the formation of resi-
due with featured structure during combustion. The fine 
morphology of the residues for the composites showed that 
the residues of HIPS/MWNT nanocomposites assume a 
two-layer structure in sub-microscale and micro network 
structure in nanoscale. The two-layer structure includes a 
thin skin layer at the surface of the residue and an expanded 
cellular layer beneath the skin layer. It is the skin-cellular 
layer structure which considerably enlarges the thick-
ness and volume of residue. Both the skin layer and cel-
lular layer are constituted of MWNT, which are intercon-
nected to form a network-like structure in nanoscale. It 
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