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A B S T R A C T

In recent years, irradiation treatment has emerged as a popular technique for modification of
nanostructures in fabrication of high performance polymer composites. The conventional modification
methods typically involve expensive chemicals, difficult processing techniques and specialized
chemistry. However, the irradiation treatment is considered simple, rapid and “green” technique that
operates under ambient conditions and the product is free of residual initiators and modifiers. Such
modifications develop strong interfacial matrix-nanostructure interactions and exhibit notable
advantages as compared to chemical approaches. High energy radiations have beneficial effects for
tailoring structure and properties of nano-systems with high precision. The irradiation processes,
mechanisms, strategies and composites are reviewed in this article along with the potential applications
and future challenges.
© 2017 The Korean Society of Industrial and Engineering Chemistry. Published by Elsevier B.V. All rights

reserved.

Introduction

Study of interaction of radiations with materials has always
been a popular scientific research domain. Broadly radiations can
be classified as ionizing and non-ionizing depending on their
ability to ionize materials. The ionization potential of isolated
atoms ranges from a few eV for alkali elements to 24.6 eV for noble

gases [1]. Ionizing radiation can interact with material directly or
indirectly and carry enough energy to ionize the medium it passes
through. While non-ionizing radiation cannot ionize material due
to its low ionizing potential. Fig. 1 presents the classification of
radiations.

Irradiation treatment of reinforcement can be categorized into
three general classes depending on the treatment stage: (a) pre-
composite irradiation (b) irradiation grafting of nanostructures (c)
post-composite irradiation. Nanostructures can be irradiated prior
to their incorporation into polymer matrix. This treatment aims at
modification of the surface and structural morphology of nano-
structures. In second category, the nanostructures can be grafted
with various modifier reagents or monomers under irradiation.
The grafted nano-structures exhibit improved interactions with
polymer matrices, and hence final composites are prepared with
improved properties. The post-irradiation of reinforced compo-
sites is also found very interesting due to characteristics behavior
of nanostructure within polymer matrices in nanocomposites
under irradiation.

Pre-composite irradiation of nanostructures

Some non-functionalized nanostructures like carbon nano-
tubes (CNTs) and graphene show poor dispersion into polymer
matrix due to stacking, agglomeration and other phenomenon. The
poor polymer-filler interactions also limit the performance of filler
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in polymer matrices. Environment friendly, economical and
controlled irradiation treatments are the supposed answers of
conventional, expensive and complicated chemical approaches to
address these challenges.

Gamma irradiation

Gamma irradiation is a safer non-contact modification tech-
nique that has been used in chemical modification of nano-
particles. For example, various chemical methods are available for
reduction of nanostructures. However, most of them involve toxic
and explosive chemicals and require special precautions. Gamma
irradiation has been successfully used to reduce graphene oxide to
graphene [2–4]. In reduced graphene oxide/MWCNTs composite,
gamma irradiation resulted in high conductivity and large surface
area by limiting aggregation of graphene sheets and improved
dispersability [5]. The reduced graphene oxide by gamma
irradiation can be re-dispersed in organic solvents and resulting
suspensions can stay stable for particular period of time depending
upon the nature of irradiation medium and solvent. Its polymer

nanocomposites have shown a sharp transition from electrically
insulating to conducting even at low weight loading of filler [3].

Performance of untreated SWCNTs (e.g., mechanical and
electrical) usually deplete when incorporated in bulk materials
as compared to treated SWCNTs due to weak intermolecular
interactions among SWCNTs agglomerates [6]. Various studies are
reported on modification of SWCNTs via irradiation treatment for
polymer composites. For example, gamma irradiated SWCNTs and
MWCNTs showed increased mechanical properties and electrical
conductivity in air environment for various polymer matrices [6–
9]. Studies suggest that gamma irradiation introduces active sites
in lattice such as carbon defects and subsequently developing
inter-tube crosslinking among CNTs at critical defects concentra-
tion [10]. Gamma-photons induced defects on MWCNTs surface
are found favorable to improve hydrogen adsorption capacity [11].
Enhanced interactions between CNTs and matrix help in uniform
dispersion and hence improving the mechanical and electrical
properties. Oxygen concentration on CNTs had seen dramatically
increased in O2 atmosphere under ionizing effect of gamma
irradiation and believed to contribute stronger interactions

Fig. 1. Classification of radiations.

Fig. 2. Slipped broken ends of the untreated and g-irradiated CNT yarns (a and b), and their epoxy composite yarns (c and d) after tensile breakage [12].
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