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residues. Moreover, graphite sheets and carbon nanotubes 
were observed in the char residues of nanocomposites. The 
experimental results suggested that polymers would have 
improved fire performance with the high crystallization of 
char residue in the presence of α-ZrP.
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Introduction

High-impact polystyrene (HIPS) is a thermoplastic that is 
widely used in our daily life because of its good rigidity and 
ease of coloring and processing. However, its application is 
somewhat limited because of its relatively poor heat deflec-
tion and flame retardancy. For HIPS, polybrominated aromatic 
compounds are the most efficient flame-retardant additives 
[1, 2]. However, the waste electronic and electrical equipment 
(WEEE) Directive requires that the member states of the Euro-
pean Union meet certain targets for recycling each fraction of 
WEEE, including the plastic fraction in recent years [3, 4]. 
Unfortunately, WEEE plastics often contain toxic brominated 
flame retardants, which make them particularly problematic 
to recycle. To solve this problem, a lot of sanitary and effec-
tive halogen-free flame-retardant additives and technologies 
have been researched. For instance, a combination of a layered 
inorganic compound (LIC) and nanotechnology is believed to 
be a new promising approach in fire retardancy [5–7]. With 
“small size effect” and “surface effect”, the nanoparticle has 
many special properties that are different from those of other 
particles. The dispersion of these ultra-thin (1 nm), ultra-high 
surface-area inorganic compound nanolayers within a polymer 
matrix leads to nanocomposites exhibiting better dimensional 

Abstract High-impact polystyrene (HIPS)/organophilic 
alpha-zirconium phosphate (organophilic α-ZrP, OZrP) 
nanocomposites were prepared by melt blending method. 
The XRD and high-resolution transmission electronic 
microscopy results showed that an intercalated/exfoliated 
structure of nanocomposites was formed. The thermal 
degradation behaviors indicated that the HIPS/OZrP nano-
composites displayed similar thermo-oxidative stability 
with that of HIPS, and α-ZrP could promote the formation 
of char residue of the nanocomposites. The combustion 
behaviors revealed that the addition of α-ZrP could reduce 
the value of peak heat release rate (HRR) and mass loss 
rate (MLR) of the nanocomposites. The peak HRR value 
of HIPS/OZrP nanocomposites with 3 wt% OZrP was 17 % 
lower than that of pure HIPS. The trends of MLR were the 
same as those of the HRR, which indicated that the mecha-
nism of the observed reduction both in HRR and MLR by 
addition of the layered phosphate depended mainly on the 
condensed phase flame-retardant process instead of the gas 
phase flame-retardant process. It could be observed that 
HIPS left no residues after burning, whereas the HIPS/
OZrP nanocomposites left the consistent and compact char 
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