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Introduction

Recently, the proper dispersion of CNT in polymer matrix 
has been the most critical issue for achieving appropriate 
properties of CNT/polymer composites [1–3]. Furthermore, 
it has been already reported in the literature that the choice 
of optimal dimensions and content of CNTs are a promis-
ing approach to improve the efficiency of CNTs as rein-
forcing/conductive nano-filler [4–6].

Wu et al. [7] studied the effect of CNTs with two aspect 
ratios (length-to-diameter, A = l/d) including high aspect
ratio (HAR) and low aspect ratio (LAR) on network struc-
ture of the CNTs in biodegradable polylactide (PLA) 
matrix. They concluded that the composites with HAR 
CNTs present a higher modulus than that of the LAR CNT 
composites owing to the mesoscopic dispersion structure of 
CNTs which directly depends on the aspect ratio [7]. Zhang 
et al. [8] observed that the fatigue crack growth rates of 
epoxy matrix can be significantly reduced by increasing the 
aspect ratio of multi-walled carbon nanotubes (MWNT). 
Zhang et al. [9] also showed that longer nanotubes pro-
duce a higher toughening efficiency in polypropylene/CNT 
nanocomposites than the shorter ones. In contrast, Dubnik-
ova et al. [10] reported that increase in the MWNTs aspect 
ratio reduces their efficiency due to the low flexibility and 
less entanglement of thick (LAR) nanotubes. Ayatollahi 
et al. [4] proposed a correction factor based of MWNT’s 
dimensions to modify the predictions of Halpin–Tsai 
theory for modulus of epoxy nanocomposite. Hernandez-
Perez et al. [11] pointed out that epoxy/HAR mixture pre-
sented higher viscosity which does not favor CNT’s proper 
dispersion.

From a macro-kinetic point of view, the study of cure 
kinetics of polymers as a function of the processing and 
material parameters is of a great importance in the analysis 

Abstract Effect of incorporation of carbon nanotubes 
(CNTs) into diglycidyl ether of bisphenol A (DGEBA)-
based epoxy resin (HY5052/LY5052 system) on cure reac-
tion was investigated via thermal analysis. Keeping their 
length constant, CNTs of different diameters were chosen. 
Samples based on epoxy resin and different type and con-
tent of CNTs were prepared and characterized. The cure 
behavior of epoxy matrix in the presence of CNTs was 
studied in both glassy and rubbery states. The results indi-
cated that the final cure characteristics of epoxy nanocom-
posites were controlled by the competition of viscosity-
increasing effect and heat-sink effect of CNTs. Isothermal 
analysis showed that accelerating or decelerating effect of 
CNTs on the cure process depends on CNT content, its 
aspect ratio and temperature of isothermal cure. The pres-
ence of the CNTs physically hindered the mobility of the 
epoxy and hardener monomers preventing the cure reaction 
(viscosity-increasing effect). In contrast, inherent high ther-
mal conductivity of CNTs can act as a heat sink to accel-
erate the heat absorption of the epoxy (heat-sink effect). 
Below glass–rubber transition temperature (Tg), heat-sink 
effect of CNTs was dominant due to the restricted mobility 
of polymer chains in glassy state, whereas at temperatures 
higher than Tg, viscosity-increasing effect was dominant. 
CNTs physically hindered the mobility of reactive species 
despite the inherent tendency of polymer chains for long-
range molecular motions.
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