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Introduction

Graphene, a monolayer with sp2-bonded carbon atoms 
arranged in a honeycomb lattice, has attracted much atten-
tion since the first report of its successful separation from 
graphite by Novoselov et al. in 2004 [1]. It is the thinnest 
and hardest nanomaterial in the world [2, 3]. Because of 
its individual nanostructures and remarkable physical and 
chemical properties [4, 5], it has been considered as a filler 
candidate to improve the integrated properties of polymers 
[6]. The nanomaterials, such as layered clay silicate (mont-
morillonite) [7, 8], SiC [9], SiO2 [10], and carbon nano-
tubes (CNTs) nanoparticles [11, 12], etc., were investigated 
according to the literature in the previous works. Interest-
ingly, graphene and its derivatives are frequently used in 
polymers, such as, poly (methyl methacrylate) (PMMA) 
[13], polyurethane (PU) [14], polyamide (PA) [15], poly-
styrene (PS) [16], polypropylene (PP) [17], bismaleimide 
[18–20], epoxy [21–23], cyanate ester [24, 25] and so on. 
However, two problems with the polymers prevail which are 
as follows: (1) graphene is hard to disperse uniformly in the 
matrices; (2) the interfacial bonding between graphene and 
matrices is weak. Therefore, it is necessary to explore the 
effective methods for graphene functionalization [26, 27].

In this study, cyanate ester (CE) resin was selected as 
the basic matrix because it has remarkable properties, 
such as good dielectric [28–30] and mechanical properties 
[31], excellent thermal stability [32, 33] and good process-
ing characteristics [34], thus it can be a good alternative 
to other thermosetting resins used in the fields of aviation 

Abstract Functional graphene nanoflakes/cyanate/epoxy 
(FGNs/CE/EP) nanocomposites were prepared with solu-
tion insertion method. The functional graphene nanoflakes 
(FGNs) were added to CE/EP copolymer to improve the 
integrated properties of the FGNs/CE/EP nanocompos-
ites. The non-isothermal behavior of the FGNs/CE/EP 
nanocomposites was investigated using differential scan-
ning calorimetry at different heating rates. The result 
clearly indicated that the functional graphene nanoflakes 
(FGNs) acted as a catalyst over the whole curing process 
and shortened the curing time. The mechanical, dielectric 
and thermal properties were characterized via mechani-
cal, dielectric and thermogravimetric analysis (TGA) tech-
niques, respectively. The results showed that the mechani-
cal properties of the nanocomposites, enhanced with 2.0 
wt% FGNs, not only because the flexural strength reached 
the optimum value, but also because the impact strength 
acquired the best value. When compared with the dielectric 
properties of the CE/EP copolymer, the dielectric constant 
and dielectric loss factor of the FGNs/CE/EP nanocompos-
ites with 2.0 wt% of FGNs slightly increased. The TGA of 
the nanocomposites was thoroughly recorded, which indi-
cated that the thermal properties of the FGNs/CE/EP nano-
composites increased as well. Therefore, the FGNs acted as 
a catalyst as well as a reinforcing agent in the FGNs/CE/EP 
nanocomposites.
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