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ABSTRACT

In this article, we synthesize of a novel starch-based superabsorbent hydrogel via graft copolymerization of mixtures of
acrylic acid (AA) and 2-Hydroxy ethyl methacrylate (HEMA) onto starch backbones. The polymerization reaction was
carried out in an aqueous medium and in the presence of ammonium persulfate (APS) as an initiator and N,N'-methylene
bisacrylamide (MBA) as a crosslinker. The hydrogel structures were confirmed by FTIR spectroscopy. Furthermore, the
swelling of superabsorbing hydrogels was examined in solutions with pH values ranging between 1 and 13. It showed a
reversible pH-responsive behavior at pHs 2 and 8. This on-off switching behavior makes the synthesized hydrogels as
an excellent candidate for controlled delivery of bioactive agents. A proposed mechanism for hydrogel formation was

suggested and the structure of the product was established using FTIR and SEM spectroscopies.
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1. Introduction

Loosely crosslinked hydrophilic polymers (hydrogels)
being able to absorb and retain hundreds of their own
weight of water are known as superabsorbents [1]. The
swelling properties of these hydrogels have attracted the
attention of researchers and technologists, and have found
wide-spread applications in drug delivery systems, agri-
culture, separation processes and many other fields [2-7].

The modification of natural polymers is a promising
method for the preparation of new materials. Graft co-
polymerization of vinyl monomers onto natural polymers
is an efficient approach to achieve these materials. Su-
perabsorbing resins were first developed with a view to
utilizing agricultural materials, and are typed by the hy-
drolyzed corn starch-g-poly(acrylonitrile), H-SPAN [8].
Since then, starches from different resources as well as
other polysaccharides, for example, cellulose, hydroxye-
thyl cellulose [8-13], agar, sodium alginate [3] and guar
gum were graft copolymerized to achieve water absorb-
ing polymers. Polyacrylonitrile (PAN), polyacryamide,
and poly (acrylic acid) have been frequently grafted,
mostly onto starch, using different, initiators especially
the ceric-saccharide redox system Radical polymerize-
tion, however, has several disadvantages. The reproduce-
bility of this method is poor, and there is little control
over the grafting process, so the molecular weight distri-
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bution is polydisperse. In addition, the necessity for inert
gases (e.g., argon) to prepare an oxygen-free atmosphere
and the need for initiators, toxic and/or expensive mono-
mers, and crosslinkers are other disadvantages of free-
radical polymerization reactions. These problems have
been reviewed in detail. For the first time, Fanta et al.,
with a new method, tried to synthesize of HSPAN su-
perabsorbent hydrogel. They indicated by a solubility test
that crosslinks were formed during graft copolymerize-
tion, by coupling of the two growing PAN radicals, and
during saponification, by the attack of starch alkoxide
ions on the nitrile groups as the initioation reaction of
nitrile polymerization in the early stages of saponifica-
tion. The nitrile groups of PAN were converted to a mix-
ture of hydrophilic carboxamide and carboxylate groups
during alkaline hydrolysis followed by in situ crosslink-
ing of the grafted PAN chains. The initially formed oxy-
gen-carbon bonds between the starch hydroxyls and ni-
trile groups of the PAN chains remained crosslinking
sites. Then, Fanta and Doane [14] attempted to extend
this idea to the preparation of superabsorbent hydrogels
by the saponification of PAN in the presence of polyhy-
droxy polymers. Finally, Yamaguchi et al. [15] reported
the preparation of superabsorbing polymers from mix-
tures of PAN and various saccharides or alcohols.

In this investigation, we paid attention to the synthesis
and investigation of a superabsorbent based on starch and
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PAA, PHEMA. The swelling behavior in distilled water
in pH solutions was investigated as well.

2. Experimental
Procedureto Graft Copolymerization

A one step preparative method was used for synthesis of
Starch-g-poly(sodiumacrylate-co-HEMA )hydrogel. Starch
(1.33 g) was added to 35 mL of doubly distilled water in a
three-neck reactor equipped with a mechanical stirrer
(Heidolph RZR 2021, three blade propeller type).The
reactor was immersed in a thermostated water bath preset
at a desired temperature (70°C). Then 0.10 g of APS as
an initiator was added to starch solution and was allowed
to stir for 10 min. After adding APS, variable amounts of
AA and HEMA were added simultaneously to the starch
solution. MBA solution (0.050 - 0.15 g in 5 ml H,O) was
added to the reaction mixture after the addition of
monomers and the mixture was continuously stirred. Af-
ter 60 min, the reaction product was allowed to cool to
ambient temperature and neutralized to pH 8 by addition
of 1 N sodium hydroxide solution. The hydrogel was
poured to excess non solvent ethanol (200 mL) and re-
mained for 3 h to dewater. Then ethanol was decanted
and the product scissored to small pieces (diameter ~5
mm) [15-20]. Again, 100 mL fresh ethanol was added
and the hydrogel was remained for 24 h. Finally, the fil-
tered hydrogel is dried in oven at 60°C for 10 h. After
grinding, the powdered superabsorbent was stored away
from moisture, heat and light. Infrared spectroscopy (Fig-
ure 1) and SEM (Figure 2) were carried out to confirm
the chemical structure of the materials obtained. Crosslink-
ing graft copolymerization of vinyl monomers (AA and
HEMA) onto starch was shown in Scheme 1.

3. Resultsand Discussion
3.1. Effect of pH on Equilibrium Swelling

In this series of experiments, swelling ratio for the syn-
thesized hydrogels was measured in different pH solu-
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Figure 1. FTIR spectra of (a) the pure Starch and (b) the
crosslinked Starch-poly(NaAA-co-HEM A) hydrogel.
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Figure 2. SEM photograph of the optimized superabsorbent
hydrogel (a) Surface of pure carboxymethylcelloluse; (b)
Surface of porous hydrogel.
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Scheme 1. A proposed mechanism for synthesis of Starch-
poly(NaAA-co-HEMA) hydrogel.
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Figure 3. pH-dependent swelling of the superabsorbent
hydrogel.

tions ranged from 1.0 to 13.0 (Figure 3). Since the
swelling capacity of all “anionic” hydrogels is apprecia-
bly decreased by the addition of counter ions (cations) to
the swelling medium, no buffer solutions were used.
Therefore, stock NaOH (pH 10.0) and HCI (pH 1.0) so-
lutions were diluted with distilled water to reach desired
basic and acidic pHs, respectively. Maximum swelling
(95 g/g) was obtained at pH 8. In acidic media, most
carboxylic acid groups are protonated, so decreased re-
pulsion of anionic groups leads to a decreased swelling
ratio. At higher pHs (5 - 8), some carboxylate groups are
ionized and the electrostatic repulsion between carboxy-
late groups causes an enhancement of the swelling ca-
pacity. The reason of the swelling loss for the highly ba-
sic solutions is the charge screening effect of excess Na"
in the swelling media, which shield the carboxylate ani-
ons and prevent effective anion-anion repulsion. Similar
swelling-pH dependencies have been reported in the case
of other hydrogel systems [21-25].

3.2. pH-Responsiveness Behavior of the
Hydrogel

Since the semi-IPN hydrogels show different swelling
behaviors at various pHs, so we investigated their pH-re-
versibility in the solutions buffered at pHs 2 and 8 (Fig-
ure 4). The figure shows a stepwise reproducible swell-
ing change of the hydrogel at 25°C with alternating pH
between 2 and 8. At pH 8.0, the hydrogel swells up to 95
g/g due to anion-anion repulsive electrostatic forces,
while, at pH 2.0, it shrinks within a few minutes due to
protonation of solfunate groups. This sharp swelling-des-
welling behavior of the hydrogels makes them suitable
candidates for controlled releasing systems. Such on-off
switching behavior as reversible swelling and deswelling

Copyright © 2012 SciRes.
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Figure 4. The pH-responsiveness behavior of starch-g-poly

(AA-co-HEMA) superabsorbing hydrogel in solutions with

pH 2.0 and 8.0.

has been reported for other ionic hydrogels [26-30].

4. Conclusion

The superabsorbent hydrogel, starch-g—poly(NaAA-co-
HEMA), was synthesized through graft copolymerization
mixture. The maximum water absorbency superabsorbent
in solutions with pH = 8 was 95 g/g. Also the superab-
sorbent hydrogels exhibited high sensitivity to pH, so that,
several swelling changes of the hydrogel or drug release-
ing percent were observed in lieu of pH variations in a
wide range (1-13). Furthermore, the reversible swelling-
deswelling behavior in solutions with acidic and basic
pH, makes the hydrogels as a suitable candidate for con-
trolled releasing systems.
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