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INTRODUCTION

Hydrogels are hydrophilic three-dimensional polymer
networks capable of absorbing a large volume of water or other
biological fluid'. Hydrogels resemble the natural living tissue
more than any other class of synthetic biomaterials. Thus
hydrogels have found widespread application in different areas,
e.g., as materials for contact lenses and artificial skin, wound
dressing, protein separation, membranes for biosensors and
devices for the controlled release of drugs®®.

Stimuli-sensitive hydrogels have the capability to change
their swelling behaviour, permeability or mechanical strength
in response to external stimuli, such as small changes in pH,
ionic strength, temperature and electromagnetic radiation’”"”.

The principal requirement of any controlled release system
is that the release profile and rate are controlled. Controlled or
sustained release drugs provide many advantages in comparison
with conventional forms including reduced side effects. When
the drug concentration kept at effective levels in plasma,
improved utilization of drug and decreases the dosing times.
Drug delivery systems based on hydrogels have been exten-
sively explored to achieve the higher concentration of drugs
in the specific region or tissue and the controlled release
profile for extended time periods''"*. The well-known method
for the synthesis of superabsorbent hydrogels is free radical
polymerization technique'**®. The first industrial superabsor-
bent hydrogel, hydrolyzed sucrose-g-polyacrylonitrile
(HSPAN), was synthesized using this method'. Radical
polymerization has several disadvantages. Reproducibility of
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After synthesis of a superabsorbent hydrogel based on sucrose and polyacrylonitrile, the effect of reaction variables such as concentration |
of NaOH and hydrolysis time and temperature were systematically optimized to achieve a hydrogel with swelling capacity as high as
possible. Under the optimized conditions, maximum capacity of swelling in distilled water was found to be 610 g/g. Finally, the swelling
kinetics of the hydrogels with various particle sizes was also investigated.

this method is poor and there is little control over the grafting
process, so that the molecular weight distribution is poly-
disperse. In addition, the necessity for toxic and/or expensive
monomer and crosslinker are another disadvantages of free
radical polymerization reactions. The toxicity of the crosslinker
has adverse effects on the biocompatibility of the obtained
materials®. After the development of the H-sucrose-g-poly-
acrylonitrile hydrogel, for the first time, Fanta et al.*' with
development a new method, tried to synthesis of H-sucrose-
g-polyacrylonitrile superabsorbent hydrogel. They hydrolyzed
the physical mixture of starch and polyacrylonitrile. The
initially formed oxygen-carbon bonds between starch hydroxyls
and nitrile groups of the polyacrylonitrile chains remain as
crosslinking sites.

To the best of our knowledge, there is no published report
on the synthesis and investigation of effective parameters onto
superabsorbing hydrogel via alkaline hydrolysis of sucrose-
polyacrylonitrile physical mixture. Hence, the objectives of
this study were to synthesize of a superabsorbent hydrogel
and investigation of the swelling properties of these hydrogels
as a function of polyacrylonitrile amount, NaOH concentration
and pH values were investigated.

EXPERIMENTAL

The disaccharide sucrose was purchased from Merck
Chemical Co. (Germany). Polyacrylonitrile was synthesized
through a method mentioned in the literature”. The drug,
verapamil hydrochloride, was received from Aldrich Chemical
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Co. Double distilled water was used for the hydrogel preparation
and swelling measurements.

RESULTS AND DISCUSSION

Effect of NaOH concentration on swelling capacity:
The effect of concentration of NaOH on water absorbency of
hydrogel is shown in Fig. 1. It is obvious that the higher the
NaOH concentration leads to more carboxamide and carboxy-
late groups. The concentrations of NaOH higher than 7 wt %,
however, lead to low-swelling superabsorbents. This swelling-
loss can be related to residual (excess) alkaline, which was
not removed (e. g., neutralized), after completion of hydrolysis.
The excess cations shield the carboxylate anions, so that the
main anion-anion repulsive forces are eliminated and a less
expanded networks of the hydrogel being able to uptake and
retain lower quantities of the aqueous solution. In addition, a
higher crosslinked structure formed at higher OH™ concentration.
Furthermore, alkaline degradation of the polysaccharide part
of network can be another reason of the swelling decrease in
highly concentrated alkaline hydrolytic media.
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Fig. 1. Effect of NaOH concentration on swelling capacity of H-sucrose-

g-polyacrylonitrile hydrogel

Effect of polyacrylonitrile/sucrose weight ratio on
swelling capacity: Different superabsorbent hydrogels with
various polyacrylonitrile/sucrose weight ratio were synthesized
by changing the amount of polyacrylonitrile (0.25-1.50 g) and
sucrose (0.25-1.50 g). According to Fig. 2, the maximum
swelling capacity (323 g/g) was achieved at 1.50 g of poly-
acrylonitrile. The higher the polyacrylonitrile amount leads
to more carboxamide and carboxylate groups generated from
alkaline hydrolysis. However, lower absorbency was achieved
when a further amount of polyacrylonitrile (> 1.50 g) was
applied. This can be attributed to the formation of more
crosslinks at higher polyacrylonitrile amount.

Effect of alkaline hydrolysis temperature: The relation-
ship between the alkaline hydrolysis temperature and water
absorbency values was studied by varying the hydrolysis
temperature from 50-90 °C (Fig. 3). Higher temperature
favours the kinetics of alkaline hydrolysis up to 80 °C. This
behaviour was confirmed by faster discoloration at higher
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Fig. 2. Effect of PAN/sucrose weight ratio on swelling capacity of H-
sucrose-g-polyacrylonitrile hydrogel
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Fig. 3. Effect of alkalization temperature on swelling capacity of H-sucrose-
g-polyacrylonitrile hydrogel

temperatures. The temperatures higher than this value, however,
in reduced swelling. This may be attributed to more crosslinked
formation and alkaline degradation of the disaccharide chains
of the hydrogel at higher temperatures (T > 80 °C). Similar
observation has reported by Yamaguchi et al.”* in the case of
the hydrogels of starch sulfate-g-polyacrylonitrile.

Kinetics of swelling: In practical applications, not only a
higher swelling capacity is required, but also a higher swelling
rate is needed. Buchholz et al.' has suggested that the swelling
kinetics for the superabsorbents is significantly influenced by
factors such as swelling capacity, size distribution of powder
particles, specific size area and composition of polymer. Fig. 4
represents the dynamic swelling behaviour of sucrose-poly-
acrylonitrile superabsorbent samples with various particle sizes
in water. Initially, the rate of water uptake sharply increases
and then begins to level off. The time required to reach the
equilibrium swelling capacity was achieved after ca. 25 min.
According to "Voigt-based model", the swelling rate can be
described by the following equation™:
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Fig. 4. Representative swelling kinetics of H-sucrose-g-polyacrylonitrile
superabsorbent hydrogel with various particle sizes

Se=Se(1-€e") ey

where S, (g/g) is swelling at time t, S. is equilibrium swelling
(power parameter, g/g), t is time (min) for swell"ing S, and ©
(min) stand for "rate parameter". The rate parameters for
superabsorbent are found to be 5.8, 10.7 and 11.6 min for
superabsorbent with 100-250, 250-400 and 400-550 pm,
respectively. It is well-known that the swelling kinetics for
the superabsorbent polymers is significantly influenced by
particle size of the absorbents®'. With a lower the particle size,
a higher rate of water uptake is observed. An increase in the
rate of absorption would be expected from the increase in
surface area with decreasing particle size of hydrogel. Addi-
tionally, the ultimate degree of absorption increased as the
particle size became smaller. This is attributed to more water
being held in the volume between the particles.

Conclusion

After synthesis of the superabsorbent hydrogel, sucrose-
polyacrylonitrile, through alkaline hydrolysis of sucrose-poly-
acrylonitrile physical mixture, we were attempted to be

optimized the reaction conditions for obtaining hydrogels with
higher swelling values. So, the maximum water absorbency
(325 g/g) was achieved under the optimum conditions that
found to be: alkalization at 80 °C, NaOH 7 wt %, polyacrylo-
nitrile/sucrose weight ratio 1.5. Finally, dynamic swelling
kinetics of hydrogels shows that the rate of absorbency is
increased with decreasing the particle size of superabsorbing
samples.
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