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Abstract: In the present paper, a novel superabsorbent hydrogel composite based on carrageenan have been
prepared via graft copolymerization of acrylic acid (AA) in the presence of kaolin powder using
methylenebisacrylamide (MBA) as a crosslinking agent and ammonium persulfate (APS) as an initiator. The
certain variables of the graft copolymerization (i.e. the monomer, the initiator and the crosslinker concentration
as well as kaolin/carrageenan weight ratio) affected on the ultimate water-swelling capacity were optimized. The
composite structure was confirmed using FTIR spectroscopy. A new absorption band at 1707 cm  in the1

composite spectrum confirmed kaolin-organic polymer linkage. The effect of kaolin amount and MBA
concentration showed that with increasing of these parameters, the water absorbency of the superabsorbent
composite was decreased. 
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INTRODUCTION because of their small particle size and intercalation

Vinyl graft copolymerization onto polysaccharide aluminosilicate with reactive-OH groups on the surface.
backbones is a well-known method for synthesis of The interaction of mineral powders, reactive site of natural
natural-based superabsorbent hydrogels. The first polymers and monomers result in a superabsorbent
industrial superabsorbent hydrogel, hydrolyzed starch- composite. Superabsorbent composites based on
graft-polyacrylonitrile, was synthesized using this synthetic polymers [10-11] or natural polymers [12] have
method. These biopolymer materials are crosslinked been reported.
hydrophilic polymers, capable of absorbing large Carrageenans are relatively new polysaccharides to
quantities of water, saline or physiological solutions. synthesize of natural-based SAPs. These linear sulfated
They are widely used in many fields such as hygienic, polysaccharides that are obtained from certain species of
cosmetics and agriculture [1-5]. red seaweeds are composed of D-galactose and 3,6-

Because of their exceptional properties, i.e. anhydrogalactose units [13]. The types of carrageenans
biocompatibility,  biodegradability,  renewability  and differ only in the position and number of ester sulfate
non-toxicity,  polysaccharides  and   proteins   are  the groups. Following a continuous research on modification
main  part  of the natural-based superabsorbent of carrageenans [14], in this work, we attempt to
hydrogels. The higher production cost and low gel synthesize and characterize new superabsorbent
strength  of  these  superabsorbents, however,  restrict composites based on carrageenan in the presence of
their application widely. To improve these limitations, kaolin particles. The preparation of the biopolymer-based
inorganic compounds with low cost can  be  used.  The superabsorbent composites can also improve the
introduction of inorganic fillers to a polymer matrix mechanical properties of materials and can lower the cost
increases   its   strength   and   stiffness   properties. of the finished product compared with the synthetic
Among inorganic  compounds,  special  attention has counterparts as well as providing biodegradable
been paid to clay minerals in the field of nanocomposites characteristics.

properties [6-7]. Mineral powders are hydrated layered
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The accuracy of the measurements was ±3%.
Materials: Kappa-carrageenan ( C, from Condinson Co.,
Denmark), was used as received. Acrylic acid (AA, Infrared Spectroscopy: FTIR spectra of samples were
Merck), was used after vacuum distillation. Ammonium taken in KBr pellets using an ABB Bomem MB-100 FTIR
persulfate (APS, Merck) was used without purification. spectrophotometer.
Methylene bisacrylamide (MBA, Fluka), was used as
received. All other chemicals were of analytical grade. RESULTS AND DISCUSSION

Superabsorbent Composite Synthesis: Synthesis of the Synthesis and Characterization: The superabsorbent
hydrogel, C-g-PAcA/kaolin composite, was carried out composite was prepared by graft copolymerization of
using APS as an initiator and MBA as a crosslinker in an acrylic acid onto carrageenan in the presence of a
aqueous medium. A general procedure for crosslinking crosslinking agent and powdery kaolin. Ammonium
graft copolymerization of AcA onto C was conducted as persulfate was used as an initiator. The persulfate is
follows. C (1.0 g) was added to a three-neck reactor decomposed under heating and produced sulfate anion-
equipped with a mechanical stirrer (Heidolph RZR 2021, radicals that abstract hydrogen from one of the functional
three blade propeller type, 350 rpm), including 35 mL groups in side chains of carrageenan backbones. So, this
deoxygenated doubly distilled water. The reactor was persulfate-saccharide redox system results in active
immersed in a thermostated water bath preset at desired centers capable to radically initiate polymerization of
temperature (65 °C). After complete dissolution of C to acrylic acid led to a graft copolymer. Since a crosslinking
form a homogeneous solution, various amounts of kaolin agent, e.g. MBA, is presented in the system, the
powder (0.75-0.25 g) were added to the solution and copolymer comprises a crosslinked structure.
allowed to stir for 10 min. Then, APS initiator (0.05-0.4 g, For identification of the hydrogel, infrared
dissolved in 5 mL water) was added to the reaction mixture spectroscopy was used. Figure 1 shows the IR
and the mixture was stirred for 10 min. MBA (0.05-0.2 g, spectroscopy  of C  and C-g-PAcA hydrogel
dissolved in 5 mL water) and AcA (1.0-5.0 g, completely composite.  The  bands observed at 841, 918, 1021 and
neutralized with NaOH) were poured into the reactor. All 1222  cm   can  be attributed to D-galactose-4-sulfate,
of the reactions were carried out at 70 °C under an argon 3,6-anhydro-D-galactose, glycosidic linkage and ester
gas atmosphere and the reaction mixture was sulfate  stretching  of C,  respectively  (Fig.  1a). The
continuously stirred (300 rpm) for 1 h. At the end of the broad   band   at   3100-3600   cm    is   due  to  stretching
reaction, the gelly product was poured in ethanol (300 ml) of-OH groups  of C.  The  IR   spectrum   of  the
and allowed to dewater for 24 h. Then, the product was hydrogel  composite, C-g-PAcA   (Fig.   1b)   shows
filtered and washed with 100 mL ethanol. The filtered three   new    characteristic     absorption     bands at
product was dried in an oven at 50 °C for 10 h. After 1707,  1542  and  1402  cm   verifying  the formation of
grinding, the powdered superabsorbent composite was graft copolymer product. These peaks attributed to
stored away from moisture, heat and light [15]. carbonyl stretching of the carboxylic acid groups and

Swelling Measurements Using Tea Bag Method: The tea carboxylate  anions,  respectively  [15-16].  Combination
bag (i.e. a 100 mesh nylon screen) containing an of absorption of the carboxylate and alcoholic O-H
accurately weighed powdered sample (0.5 ± 0.001 g) was stretching  bands  is  appeared  in  the  wide  range of
immersed entirely in 200 mL distilled water and allowed to 2550-3600 cm .
soak for 3 h at room temperature. The sample particle sizes The absorption band at 1707 cm  can be
were 40 to 60 meshes (250-350µm). The tea bag was hung corresponding to the ester groups that can be formed
up for 15 min in order to remove the excess solution. The during the graft polymerization reaction. The carboxylate
equilibrium swelling (ES) was calculated according to groups of the grafted poly(acrylic acid) can be react with
following equation: the-OH groups on the kaolin surface. The replacement of-
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OH groups in the surface of kaolin by carboxylate anions
results in the ester formation. The reaction can be shown
as follows:



O

O

Si OH Si O

O
-

+
-OH-

EsterSurface of kaolin Carboxylate anions

World Appl. Sci. J., 16 (1): 113-118, 2012

115

As shown in this figure, the absorption bands of-OH of kaolin at 3628-3674 cm  are disappeared. 1

Optimization of Effecting Parameters onto Swelling Effect  of  the  Monomer  Concentration  on  Swelling:
Capacity The swelling capacity as a function of monomer
Effect of MBA Concentration on Swelling: The effect of concentration was investigated and results shown in
crosslinker concentration (C ) on swelling capacity of Figure 3. According to this figure, the absorbency isc

crosslinked carrageenan-g-poly(acrylic acid)/kaolin increased with increasing the acrylic acid concentration
hydrogel was investigated. As shown in Figure 2, more from 0.12 up to 0.42 mol/L and then, it is decreased
values of absorbency are obtained by lower C . Such a considerably with a further increase in the amount ofc

well-known behavior reported by pioneering scientists monomer. The maximum absorbency (211 g/g) is obtained
[7,15]. In fact, higher C  decrease the free space between at 0.42 mol/L of the monomer. The initial increase inc

the copolymer chains and consequently the resulted swelling capacity can be attributed to (a) greater
highly crosslinked rigid structure can not be expanded availability of monomer molecules in the vicinity of the
and hold a large quantity of water. This power law chain propagating sites of gelatin macroradicals and (b)
behavior between swelling capacity and MBA increase the hydrophilicity of the hydrogel originated
concentration (Eq. 2) was conducted from Figure 2. from higher AcA content that, in turn, causes a stronger

Swelling capacity ˜ K [MBA] (2) after the maximum may be attributed to (a) preferential-n

The K and n in Eq. 2 are constant values for an increase in viscosity of the medium which restricts the
individual superabsorbent. The n value represents the movement of free radicals and monomer molecules and (c)
extent of the sensitivity of the hydrogel to the crosslinker the enhanced chance of chain transfer to monomer
content, while the K value gives an amount useful for molecules. Such behaviors are reported by other
comparing the extent of swelling versus fixed crosslinker investigators [16-18].
content. The K=13.89 and n=0.53 is obtained from the
curve fitted with Eq. 2.

affinity for more absorption of water. The swelling-loss

homopolymerization over graft copolymerization, (b)

Transmittance/Wavenumber (cm )1

Fig. 1: FTIR spectra of (a) pure carrageenan and (b) carrageenan-g-poly(acrylic acid)/kaolin composite.
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Fig. 2: Effect of the crosslinker concentration on water Fig. 4: Effect of initiator concentration on water
absorbency of the superabsorbent composite absorbency of the superabsorbent composite
(Reaction conditions: carrageenan=kaolin=0.02 wt (Reaction conditions: carrageenan= kaolin=0.02 wt
%, AANa 0.5 mol/L, APS 0.015 mol/L, 70 °C, 1 h). %, MBA 0.00582mol/L, AANa0.47mol/L, 70°C, 1 h).

Fig. 3: Water absorbency dependency of the Fig. 5: Effect of kaolin/carrageenan weight ratio on water
superabsorbent composite on the monomer absorbency of the hydrogel composite (Reaction
(sodium acrylate) concentration (Reaction conditions: MBA 0.00582 mol/L, AANa 0.47 mol/L,
conditions: carrageenan= kaolin=0.02 wt %, MBA APS 0.019 mol/L, 70 °C, 1 h). 
0.00582 mol/L, APS 0.015 mol/L, 70 °C, 1 h).

Effect of APS Concentration on Swelling: The influence 0.019 mol/L which, in turn, resulting in lower graft
of initiator concentration on final swelling capacity of the polymerization  extent  and  consequently  lower  final
hydrogel has been studied by varying the APS water absorbency. Subsequent swelling loss can be
concentration from 0.002 to 0.033 mol/L (Figure 4). explained on the basis of (a) an increase in terminating
Maximum swelling (314 g/g) was obtained at 0.019 mol/L step reaction via bimolecular collision, which is referred to
of initiator concentration. More or less than this as ‘self-crosslinking’ by Chen and Zhao [19] and (b) the
concentration gives hydrogel with decreased swelling decrease in molecular weight (MW) of grafted poly acrylic
capacity. The number of active free radicals on the  gelatin acid  of  the  hydrogel causes to decrease swelling  value.

backbone  is  decreased  at  lower  concentrations  than
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The latter reason is due to the inverse relationship REFERENCES
between MW and initiator concentration. Also, the free
radical degradation of gelatin backbones by sulfate
radical-anions is an additional reason for swelling-loss at
higher APS concentration. The proposed mechanism for
this possibility is reported in the previous work [18-19]. A
similar oxidative degradation of chitosan chains by
potassium persulfate is recently reported by Hsu et al.
[12].

Effect of Kaolin/ Carrageenan Weight Ratio on Swelling:
The effect of kaolin content on the water absorbency of
the composite was studied (Figure 5). The
kaolin/carrageenan weight ratio was varied from 0.25 to
2.50, while other reaction variables were constant. The
effect of kaolin amount on water absorbency is similar to
MBA influence on absorbency. Figure 5 indicates that the
water absorbency of the superabsorbent is decreased
with increasing the kaolin amount incorporated in the
composite structure. The clay in the polymerization
reaction may be acts via two ways: (a) kaolin particles acts
as a crosslinking agent (it means that carboxylate groups
of sodium poly(acrylate) chains react with kaolin as
obviously proved by FTIR spectra (Fig. 1)) and (b) kaolin
particles prevent the growing polymer chains through a
chain transfer mechanism [15,21]. 

CONCLUSION

A novel natural-based superabsorbent composite
polymer was prepared by graft copolymerization of acrylic
acid onto carrageenan backbones in the presence of a
crosslinking agent. The resultant superabsorbent
composite had a large degree of water absorbency. The
study of FTIR spectra shows that in the composite
spectrum a new absorption band at 1707 cm  was1

appeared that attributed to the ester formation from
replacement of hydroxyl groups of kaolin with grafted
carboxylate anions onto polysaccharide backbones. The
optimum reaction conditions was achieved at MBA
0.00582 mol/L, initial AA 0.42mol/L, APS 0.019 mol/L and
kaolin/carrageenan 0.25 wt %. The effect of the kaolin
amount and MBA concentration showed that with
increasing of these parameters, the water absorbency of
the superabsorbent composite are decreased. The
hydrogel composites will most probably posses higher
biodegradability (due to the carrageenan part) and higher
swollen gel strength (due to the inorganic parts). The
latter properties are of the subjects under consideration in
our laboratory.
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