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ABSTRACT

In this research, to follow synthesis of a graft copolymer based on alginate via graft
copolymerization hydrophilic monomers onto alginate backbones, kinetic polymerization and it,s
relationship with effective parameters were investigated. According to the empirical rates of the
polymerization and the graft copolymerization of AAm and AMPS onto alginate backbone, the overall
activation energy of the graft copolymerization reaction was estimated to be 33.40 kJ/mol.
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INTRODUCTION

During the past decades, considerable
research was being carried out on the graft
copolymerization of hydrophilic and hydrophobic
vinyl monomers onto polysaccharides. These
biodegradable and low cost graft copolymers, with
new properties, can be used in many applications
such as textiles, paper industry, agriculture,
medical treatment and also in petroleum industry
as flocculants and thickening agents(1-4). Free
radical graft copolymerization was usually carried
out by using various initiators such as ammonium
persulfate, benzoyl peroxide and azoisobutyronitrile.
The modification of natural polymers is a promising

method for the preparation of new materials'3. An
efficient approach to modify of natural polymers,
in order to synthesis of natural-based SAPs, is
graft polymerization of vinylic monomers onto their
backbones in the presence of crosslinkers. Free
radical graft copolymerization with various monomers
can carried out with different initiator systems*®.In
the present report, to modify the alginate, the grafting
of Acrylamide (AAm) and 2-Acrylamido-2-methyl
propan solfonic acid (AMPS) onto alginate chains
in the presence of ammonium persulfate (APS)
as an initiator was performed in a homogeneous
system and dependence of kinetic polymerization
with effective parameters were investigated.
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EXPERIMENTAL

Materials

Sodium alginate (chemical grade, MW
50000), ammonium persulfate (APS, from Fluka),
acrylamide(AAm, from Merck), 2-acrylamido-2-
methylpropanesulfonic acid (AMPS, from Merck),
were used without further purification. All other
chemicals were also analytical grade. Double distilled
water was used for the hydrogel preparation and
swelling measurements.

RESULTS AND DISCUSSION

Synthesis, mechanism and reaction rate

A general reaction mechanism for graft
copolymerization of AAm and AMPS monomers
onto alginate backbones in the presence of APS
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initiator is shown in Scheme 1. The sulfate anion-
radical produced from thermally decomposition of
APS, abstracts hydrogen from one of the functional
groups in side chains (i.e. COOH, SH, OH, and NH,)
of the substrate to form corresponding radical[3].
The mixture monomers, which are in vicinity of the
macroradical sites, become acceptor of alginate
radicals resulting in chain initiation and thereafter
themselves become free radical donor to the
neighboring molecules leading to propagation. These
grafted chains are terminated by coupling to give the
graft copolymer®.

A general reaction mechanism for
graft copolymerization reaction, in analogy with
that previously mentioned may be as follows
(Scheme 1):
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Scheme 1: Proposed mechanistic pathway for synthesis of Alginate-based copolymer
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Fig. 1: Plot of Rp versus monomers
(AAm-AMPS) concentration
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Fig. 2: Plot of Rp versus [APS]"2
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The rates of polymerization (Rp) and
graft copolymerization (Rg) may be evaluated as
measures of the rate of monomer disappearance
by using the following equations™®:
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The calculation of Rp values may be of
significant importance in confirming a proposed
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Fig. 3: Plot of Rp versus [alginate]'

Rp =k, (Kk, /K, )2 [ alginate ]2 [ APS ]2 [AAc ]
[AMPS] -(3)

The coefficient K is the equilibrium
constant, kp, k, and k, are the rate constants
for propagation, alginate—APS dissociation, and
termination reactions, respectively'-'3. Therefore,
we preliminarily conclude that the APS-initiated
grafting of acrylamide (AAm) and 2-acrylamido-2-
methylpropanesulfonic acid (AMPS) onto alginate
is also fitted with this kind of rate statement(16-
18).The overall activation energy (Ea) of the graft
polymerization reaction was calculated by using of
the Eq. (2) and the slope of the plot LnRg versus1/T
(Fig. 4) based on Arrhenius relationship [kp=Aexp(-
Ea/RT)]. Therefore, Ea for the graft copolymerization
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reaction mechanism and kinetics. Therefore, we
investigated the relation between rate of graft
copolymerization and concentration of APS,
AAmM,AMPS and alginate. Figures 1-3 show that the
plots of Rpversus the monomers concentration, [AAm]
+ [AMPS], half-order of the initiator concentration,
[APS]"2 and the polysaccharide concentration,
[alginate]™, are linear'®. This is in agreement with a
modified kinetic scheme recently explored for APS-
initiated methacrylate grafting onto sago starch. The
statement of rate of polymerization according to the
scheme is as follows:
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Fig. 4: Plot of LnRg versus 1/T for
estimating the activation energy of the graft
polymerization reaction

was found to be 33.40 kJ/mole.
CONCLUSION

To following synthesis of graft copolymer
based on alginate by grafting of Simultaneously
acrylamide (AAm) and 2-acrylamido-2-
methylpropanesulfonic acid (AMPS) onto alginate
under inert atmosphere, kinetic polymerization
was studied. Empirical polymerization rate showed
a first-order dependence on the monomers
concentration and a half-order dependence on the
initiator concentration. According to the slope of
LnRg versus 1/T, the overall activation energy for
graft copolymerization reaction was estimated to be
33.40 kd/mol.
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