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The formation of functional hybrid polymeric materials by attaching graft
polymer chains with desirable and advantageous tailored properties to the
surface of a base polymer with desirable bulk character is an attractive
application of graft polymerization. The grafting process allows us to modify,
tune and alter the characteristics of base polymers and to control their
wettability, biocompatibility, adsorption capacity and behavior, conductivity,
antimicrobial property, and reactivity. The resulting graft copolymer creates
significant opportunities to develop new hybrid platforms for a number of
applications.

The purpose of this thesis is to functionalize natural and synthetic
polymers through radiation-induced graft polymerization techniques, such
as simultaneous and pre-irradiation grafting, and to evaluate the effects of
RAFT chain transfer agent in the emulsion phase graft polymerization. The
applications of the graft copolymers in adsorbing different heavy and rare
earth metals, and in imparting hydrophobic surface are also explored.

Chapter 1 explores the solution- and emulsion-mediated radiation-induced
graft polymerization of the oxirane group-containing monomer glycidyl
methacrylate (GMA) on microcrystalline cellulose, delignified water
hyacinth fibers and abaca/polyester nonwoven fabrics. These trunk
polymers were radiation grafted using the proposed technique for the first
time; hence their successful epoxy group functionalization opens doors to a
variety of new applications. The conventional “grafting from” approach was
utilized and both simultaneous irradiation and pre-irradiation methods for
grafting were employed in synthesizing the grafted cellulosic and
lignocellulosic materials, emphasizing on the effects of the reaction

parameters on the amount of grafted chains. The radiation-grafted water



hyacinth fibers and abaca/polyester polymers were tested for their heavy
metal adsorption capacity, while the radiation-grafted microcrystalline
cellulose was tested for its wettability in two immiscible solvents. The
techniques utilized in Chapter 1 primarily proceed through the free radical
polymerization process, which suffers from lack of control on the molecular
weight and molecular weight distribution of the graft chains. We imparted
control to the radiation-grafting process by addition of RAFT agent to the
monomer mixture to suppress irreversible termination reactions.

Chapter 2 analyzes, for the first time, the effects of adding RAFT agent in
the industry relevant emulsion-mediated radiation-induced graft
polymerization of glycidyl methacrylate (GMA) on the synthetic polymer
backbone polyethylene/polypropylene. The union of the two techniques, i.e.
RAFT-mediation and radiation induced grafting in emulsion phase, was
motivated by the prospective combination of the merits and advantages
offered by the individual methods.  Both simultaneous irradiation and
pre-irradiation techniques were applied and the results, in terms of the
amount of grafted polymer chain and molecular weight distribution of
homopolymers, from the two techniques were discussed.

Chapter 3 focuses on the comparison of the chemical reactivity and the
europium adsorption capacity of the poly(glycidyl methacrylate) (PGMA)
modified polymers prepared in emulsion phase via RAFT-mediated
radiation-induced grafting with those synthesized using the conventional
radiation-induced grafting. The synthesized radiation-grafted polymers are
suitable as precursor material and it can be tailor fit to meet the desired
properties of the target applications, which in this case, as rare earth
element adsorbent.

All the results and important insights were synthesized in Chapter 4,

together with the recommendations and suggestions for future research.
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