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Epoxy nanocomposites coatings filled with hybrid graphene oxide/halloysites (GO/HNT) based intumes-
cent flame-retardant additives (IFR) have been fabricated and investigated in terms of flame retardancy
property, thermal stability, and adhesion strength. The dispersion and interaction of the nanofillers with
the matrix were characterized by transmission electron microscopy (TEM) and Fourier transform infrared
(FTIR). The synergistic flame-retardant effects of ammonium polyphosphate (APP) on flame retardancy
properties and thermal stability were investigated by limiting oxygen index (LOI) and thermogravimetric
analysis (TGA), respectively. The result shows that the epoxy coating with hybrid GO/HNT based IFR
achieve an LOI of 26 % at 1 phr of APP (EGO0.6H0.3APP1). Meanwhile, the maximum mass loss of the
EGO0.6H0.3APP1 coating sample is 391.0 �C which showing an increment by 1.3 % compared with neat
epoxy coating, demonstrating excellent thermal stability performance. The char residue also suggests,
APP played a synergistic flame-retardant mechanism with a combination of hybrid GO/HNT. The presence
of hybrid GO/HNT/IFR considerably enhances adhesion strength between the coating material and metal
substrate. The EGO0.6H0.3APP1 showed the maximum LOI value, thermal stability, and adhesion
strength among the studied formulations.
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1. Introduction

Structural steel loses a considerable part of its load carrying
capacity and would typically fail when the steel reaches tempera-
tures between 500 and 600 �C. Preventing the structural collapse of
buildings is essential to ensure the structural integrity and safe
evacuation of people from buildings, which is the primary require-
ment of building regulations in many countries/regions. For envi-
ronmental concerns, intumescent flame-retardant (IFR) is
considered as a promising halogen-free flame retardant additive
due to its advantages of low smoke, low toxicity, low corrosion,
and no molten dripping during a fire [1].

IFR coatings are designed to protect substrates against fire and
maintain their structural integrity between 1 and 3 h when the
temperature of the surroundings is more than 1100 �C, whilst at
the same time maintaining aesthetic appearance [2]. IFR protec-
tion has been used since about 50 years ago, whereas incorporat-
ing intumescent additives in polymeric materials is a relatively
recent approach [3]. The previous study showed that the addition
of HNT and polydimethylsiloxane (PDMS) in the coating formula-
tions based IFR coatings (ammonium polyphosphate/melamine/-
boric acid/expandable graphite, APP/MEL/BA/EG) resulted in
better heat shielding developed silicate network over the char sur-
face and the decreased thermal decomposition rate of residue car-
bon during the intumescent reaction [4]. Ullah et al [5]
demonstrated the role of multiwall carbon nanotubes (MWCNT)
in char strength and flame-retardant property of epoxy based
IFR coating by sealing or physically joining the cracked char layers
together.

The present study aims to investigate the synergistic effects of
hybrid GO/HNT based IFR on the thermal stability and flamma-
bility performance of epoxy nanocomposite coating. Moreover,
the effect of ammonium polyphosphate (APP) loading which acts
as a charring or carbon source on flame retardancy as well as
thermal decomposition behavior were investigated in detail to
explain the flame-retardancy and char formation mechanisms.


