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effective smoke suppression agent and a good synergism in 
IFREP composites, which can greatly improve the structure 
of char residue.
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Introduction

It has been reported that most fire-related deaths are attrib-
uted to smoke inhalation, toxic gas effects, and oxygen dep-
rivation rather than burns [1]. The evolution of fire gases 
can prevent many fire victims from perceiving their possi-
bilities of escape [2–4]. The inhalation of fire smoke, which 
contains not only carbon monoxide but also a complex 
mixture of gases, is the principal cause of morbidity and 
mortality in fire victims [5–7]. In addition, the high tem-
perature smoke containing a lot of heat can accelerate the 
spread of fire and cause thermal damage to people [8, 9]. 
As a consequence, the science of studying smoke suppres-
sion properties of different polymeric engineering materials 
has progressed substantially in the last half century.

Epoxy resin (EP) is one of the major commodity poly-
mers [10–12]. Because of its important industrial applica-
tions, which are restricted due to its inherent high flam-
mability, reducing the flammability of EP is a major and 
challenging task [13–15]. Recently EP has also come 
under attack because the utilization of halogen-containing 
flame-retardants generates toxic and corrosive gas, caus-
ing life and environmental problems [16, 17]. In order to 
promote environment-friendly flame retardant systems 
and to overcome these limitations for EP, new approaches 
have been taken into account. One approach is to improve 
the flame retardancy of the polymer by promoting 

Abstract This article mainly studies the smoke suppres-
sion properties and synergistic flame retardant effect of 
ferric phosphate (FeP) on flame retardant epoxy resin (EP) 
using ammonium polyphosphate and pentaerythritol as 
intumescent flame retardants (IFRs). Then, the smoke sup-
pression and synergistic flame retardant properties of FeP 
on IFREP composites were evaluated using cone calorim-
eter test (CCT) and scanning electron microscopy (SEM). 
The influence of FeP on thermal degradation of IFREP 
was studied by thermogravimetric analysis/infrared spec-
trometry in nitrogen atmosphere. Remarkably, the CCT 
results show that FeP can effectively decrease heat release 
rate, total heat release, smoke production rate, total smoke 
production, and smoke factor of flame retardant samples. 
The SEM results show that FeP can greatly improve the 
structure of char residue. The TGA results indicate that 
the material with FeP undergoes degradation in three 
characteristic temperature stages, which can be attrib-
uted to the catalyzing deamination by FeP, the reaction 
between polyphosphoric acid and FeP, and the rupture of 
the polyphosphoric acid chain, respectively. The volatilized 
products formed on thermal degradation of IFREP indicate 
that the volatilized products are H2O, CO2, CO, carboxylic 
acid, and aliphatic hydrocarbons according to the tempera-
ture of onset formation. Here, FeP is considered to be an 
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