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The XPS results showed that the ratio of oxidized carbons 
in the char increases with the presence of nano-ZrO2.
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Introduction

Expanded polystyrene (EPS) foams due to their good ther-
mal insulating properties, low density and low cost, are 
widely used in many fields such as building and transporta-
tion [1]. However, the EPS foams are easily flammable and 
set on fires quickly [2]. As a result, it is very necessary to 
improve the flame retardancy of EPS foams.

Nowadays, the flame retardation of EPS foams and 
extruded polystyrene (XPS) foams is mainly achieved 
in industry by halogen-containing flame retardants, i.e., 
hexabromocyclododecane (HBCD). HBCD is generally 
introduced into expandable polystyrene beads containing a 
homogeneously dispersed blowing agent (e.g., n-pentane) 
during the suspension polymerization of styrene mono-
mers, and the EPS beads are prefoamed and molded into 
EPS foams. This method may be suitable for EPS foams 
with efficient halogen-containing flame retardants, because 
introduction of many flame retardants during styrene 
polymerization can very much affect properties of poly-
styrene (e.g., Tg) [3]. The use of halogen-containing flame 
retardants (i.e., HBCD) has led to some serious concerns 
about their toxicological and environmental impact [4, 5]. 
Therefore, halogen-free flame retardation for EPS foams is 
urgently needed.

The halogen-free flame retardation for EPS foams is 
usually carried out by treatment of EPS beads using binders 

Abstract Expanded polystyrene (EPS) foams were flame 
retarded using ammonium polyphosphate (APP) and nano-
zirconia (nano-ZrO2) by means of phenolic resin as a 
binder. It is found that the incorporation of a small amount 
(5 phr) of nano-ZrO2 into the APP flame-retarded EPS 
foams leads to 19% increase in flexural strength and 38% 
increase in compressive strength. Flame-retardant proper-
ties of the flame-retarded EPS foams were investigated by 
limiting oxygen index (LOI), UL-94 and cone calorimetry 
test (CCT). The LOI of the APP flame-retarded EPS foams 
in presence of nano-ZrO2 is above 31%, and the UL 94 
V-0 rating can be reached. The CCT test results indicate 
that the APP flame-retarded EPS foams containing nano-
ZrO2 have lower peak heat release rate, average effective 
heat of combustion and average specific extinction area. 
Moreover, thermal decomposition of the flame-retarded 
EPS foams was investigated by thermogravimetric analysis 
(TGA) and the TGA results illustrated clearly that the addi-
tion of nano-ZrO2 into the APP flame-retarded EPS foams 
leads to an increase in the residual char yield. The reason 
for the increase is possibly because ZrO2 may react during 
combustion process with pyrophosphoric acid produced 
from the thermal decomposition of APP to form zirconium 
pyrophosphate (ZrP2O7) confirmed by XRD studies of the 
char, which is helpful to improve the formation of the char. 
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