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to α proved the autocatalytic cure mechanism, being fol-
lowed by all the MWCNT-containing epoxy-based hybrid 
nanocomposites.
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Introduction

The attractive properties of epoxy resins such as excel-
lent heat and chemical resistance, superior mechanical 
and electrical properties, as well as easy process ability 
have stimulated their wide usage in a variety of indus-
trial applications [1]. Thermal and mechanical prop-
erties of epoxy systems are generally improved by the 
addition of inorganic fillers [2]. These epoxy composites 
can improve the interfacial adhesion between the epoxy 
matrix and the reinforcing materials [3]. The use of 
TiO2 with epoxies has been reported for some applica-
tions; TiO2 paints were prepared using various epoxies 
and studied for weathering characteristics [4, 5]. Paint 
formulations made of siloxane-modified epoxies with 
the help of TiO2 have also been reported [6]. Siu-Ming 
Yuen et al. [7] published an article on preparation, mor-
phology, mechanical and electrical properties of TiO2-
coated MWCNT/epoxy composites. Carbon nanotubes 
having high aspect ratio, unique structure, and extraor-
dinary mechanical properties proved as ideal reinforcing 
fillers for epoxy nanocomposites [8]. Rusheng Yuan et 
al. [9, 10] studied on photocatalytic properties of acti-
vated carbon fibers loaded with TiO2. Kothe et al. [11] 
explained the coating of poly (butadiene epoxide) on 
several inorganic surfaces including TiO2, demonstrating 
that PBDE may be suitable as a reactive coating material 

Abstract The effect of multi-walled carbon nanotubes 
(MWCNTs) on cure kinetic parameters of the epoxy/
amine/TiO2 (1 wt%) resin system was studied dynamically 
at four heating rates using DTA. The presence of MWCNT 
in various amounts (0.1, 0.2, 0.4 and 0.6 wt%) neither 
retarded nor accelerated the cure reaction of the epoxy/
amine/TiO2 system in a considerable extent. Addition of 
MWCNTs increased the extent of cure of the correspond-
ing nanocomposites, especially at higher contents up to 
0.4 wt% MWCNT filled composite. However, increasing 
the MWCNT content to 0.6 wt% adversely affected the 
extent of cure due to nanoparticle agglomeration. The frac-
ture surface morphology of the nanocomposites revealed 
that the cracks deviated on reaching the MWCNTs, while 
propagating in the polymer matrix. Fractional extent of 
conversion (α) was calculated using genetic algorithm. 
Flynn–Wall–Ozawa and Kissinger methods were used to 
analyze the kinetic parameters. The presence of MWC-
NTs did not affect the autocatalytic cure mechanism of 
epoxy/amine/TiO2 resin system and also did not cause 
any considerable barrier effect on the curing process. 
Activation energy data fitted well in the cubic polynomial 
regression equations and the changes of Ea with respect 

L. Rajabi (*) · H. Motaie 
Polymer Research Laboratory, Department of Chemical 
Engineering, College of Engineering, Razi University, 
Kermanshah 67149, Iran
e-mail: laleh.rajabii@gmail.com

A. A. Derakhshan 
Young Researchers Club, Kermanshah Branch, Islamic Azad 
University, Kermanshah, Iran

A. R. Kurdian · R. Yazdanpanah 
Department of Chemical Engineering, College of Engineering, 
Razi University, Kermanshah 67149, Iran

https://link.springer.com/article/10.1007/s13726-014-0282-3


