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Swelling in Different Solutions: A known weight of dried Characterization of the Prepared Hydrogels
hydrogel was immersed in the prepared solution for 48 FTIR: Figure 1a shows the IR spectra of pure and grafted
hours at room temperature. The hydrogel was removed starch. For pure starch there are peaks at 1157, 1080, 1016
every specific period and allowed to drain using a plastic and 927 cmG   due  to  the  C=O  stretching  [23],  a  peak
strainer. The sample was weighed and SWR was at 3390 cmG  (O-H stretching)  and  a  band at  2926  cmG
calculated using the following equation [17]. (C-H stretching). The IR  spectra  of  St-g-Am  represent

the peaks found at 3400, 1650 and 1600 cmG  indicate the

Where W  and W  represent the weights of wet and dry the-CONH  group present in the acrylamide. Similars  d

hydrogel, respectively. finding were observed by Lanthong et al. [10].
SWR was calculated as grams of absorbed water per As  shown  in  Figure  1b  the main characteristic

gram of dry hydrogel (g/g). peaks of pure chitosan are at 3455 cmG  (O-H stretch),
Swelling was conducted in DW at different pH values 2879 cmG  (C-H stretch), 1600 cmG  (N-H bend), 1327 cmG

(3, 5, 7, 9, 11 and 13) and in salt solutions (0.15 N solutions (C-N stretch), 1155 cmG  (bridge O stretch) and 1092 cmG
of NaCl, CaCl  and AlCl ) (C-O stretch). For Ch-g-Am, in addition to the chitosan2  3

RESULTS AND DISCUSSION appear; In graft copolymer the peak at 3416 cmG  is of

The prepared grafted and hydrolyzed samples for overlapping of O-H stretching of chitosan and N-H
each natural polymer and for the P B were characterized stretching of amide groups at Am grafts).The chitosans

individually using FTIR, SEM and%N. The SWR was amide I absorption band can be observed as a shoulder at
tested in DW, DW of different pH values and in salt 1540 cmG . The peak around 1432 cmG  due to C-N
solutions. stretching  in  graft  copolymer  further supports grafting.
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all  the  absorption  peaks  of pure starch. Additionally,
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N-H stretching, the C=O stretching and N-H bending of
the amide bands, respectively, which are characteristics of
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characteristic  peaks,  some  new  absorption  peaks
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quite reduced intensity and broadness, (due to
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Fig. 1: FTIR-spectra of (a) Pure and grafted starch, (b) Pure and grafted chitosan (c) Pure and grafted alginate and (d)
grafted P B.s
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Fig. 2: SEM for (a) Pure starch, (b) St-g-Am and (c) H-St-g-Am

Fig. 3: SEM for (a) Pure Chitosan, (b) Ch-g-Am and (c) H-Ch -g-Am

Fig. 4: SEM for (a) Pure Alginate, (b) Alg-g-Am and (c) H-Alg -g-Am

Also, it can be seen that the amide-carbonyl absorption in intensity following the grafting reaction. The C-H
band from grafted chains appears at 1682 cmG  [24]. Figure stretching absorbance on 2926 cmG  is increased in1

1c pertaining to pure alginate shows a peak at 3450 cmG intensity upon grafting. Moreover additional bands1

(-OH stretching), two peaks at 1618 and 1440 cmG  (-COO clearly mark the presence of amide group of Am at 34201 -

stretching) and a peak at 1050 cmG  (C=O stretching).The cmG  (N-H stretching) and 1680 and 1660 cmG  (NH1

characteristic peak of sodium alginate appeared at 819 bending)., which ensures the formation of P B-g-Am [26].
cmG  (Na-O). While, for the grafted alginate in addition to1

the pure alginate peaks there is a new peak at 1633 cmG . SEM:  Pure  starch  (Fig.  2a)  has  an  irregularly oval1

This may be due to the formatting of new hydrogen shape  with  a smooth surface [27,28]. Figure 2b
bonds which were formed between -COO  groups of represents the St-g-Am which has a clearly different-

sodium alginate and CONH  groups of Am. This surface  morphology  due  to  the  absence  of  oval__
2

difference supported the grafting of acrylamide onto shaped particles and presence of a broad network
sodium alginate which was matched with the results of structure. Figure 2c for H-St-g-Am shows a more porous
Solpana et al. [25]. structure. Similar finding were observed by

Figure 1d pertaining to the grafted P B shows all the Kiatkamjornwong et al. [29]. As noticed by Singh et al.s

adsorption bands which characterize the pure [30] pure chitosan (Fig. 3a) has a flaky nature with
polysaccharides, but it can be noticed  that,  the  strong irregular shape and porous surface. In Figure 3b, it can  be
O-H stretching band at 3390 cmG  in the starch decreased noticed   that   the  flaky  nature  of   chitosan  is lost  after1

1

1       1
2
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Fig. 5: SEM for (a) P B-g-Am and (b) H-P B-g-Ams    s

Fig. 6: %N for the grafted and hydrolyzed samples Fig. 7: %G and%E for the grafted samples

grafting  which   seems   to   have   taken  place 2.%G and%E for the Grafted Samples: The percentage
homogeneously  as  a  bulk.  It is clear from Figure 3c that and efficiency of grafting for the prepared samples are
the hydrolysis made the surface of the hydrolyzed illustrated in Fig.7. The maximum attained%G and%E
hydrogel much denser and more porous. (166% and 87%) were for the grafted PsB.

Pure alginate (Fig. 4a) appears spherical in shape with
a relatively smooth surface [25]. Figure 4b for Alg-g-Am SWR for the Grafted and Hydrolyzed Hydrogels: SWR
shows rather a smooth surface when compared to pure for the grafted and hydrolyzed samples (starch, chitosan,
alginate. H-Alg-g-Am has more porous surface which may alginate and P B) are shown in Figs. 8a, b, c and d. Grafted
be attributed to the fact that the hydrolysis process samples showed SWR ranging from 2 to 28 g/g. P B-g-Am
formed  agglomeration  onto  the  surface  as  shown  in gave the minimum SWR (17 g/g). After four hours the
Fig. 4c. SWRs for the hydrolyzed samples ranged from 13 to 94

The exterior surface of P B-g-Am appears to be a g/g. Subsequently, after 48 hours SWR manifested slows

smooth surface as shown in Fig. 5a. The SEM analysis increase up to (120-176 g/g).H-Ch-g-Am showed the
reasonably supported the assumption that the grafting highest swelling. SWR values for the hydrolyzed samples
occurred onto the multipolymer backbone [28]. Figure 5b were much higher than the grafted samples due to the
shows the SEM pictures of H-P B-g-Am which reveals presence of hydrophilic groups (COO ) in the hydrolyzeds

that the hydrogels were porous, with open, hydrogel and it may also be attributed to the possible
interconnected pores. porosity of particles originating from the alkaline

Nitrogen  Percent  (%N)  in  the  Grafted  and
Hydrolyzed  Samples:  As  in  Fig.  6,   the  maximum%N Effect of pH on SWR: SWRs of the grafted and
(17  and  13%)  was attained for the grafted and hydrolyzed samples at different pH values (3-13) after 48
hydrolyzed P B, while, for the hydrolyzed samples of St, hours are shown in Figures 9(a, b, c and d). The grafteds

Ch and Alg the%N were 6.92, 8.35 and 5.34%, samples gave SWR ranging from 10 to 36 g/g. For the
respectively. This may be due to ammonia evolution hydrolyzed samples, there are two maximum peaks of
during the hydrolysis process where some of the amide SWRs around 176 and 111g/g at pH 6.5 and 9,
groups were converted to carboxylate salts [17]. respectively.  In  acidic  media  with pH range from 3 to 5,

s

s

-

hydrolysis.
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Fig. 8: SWR in DW (pH 6.5, at room temperature) for both grafted and hydrolyzed samples (a) starch, (b) chitosan(c)
alginate and (d) PsB

Fig. 9: Effect of pH on SWR for both grafted and hydrolyzed samples (a) starch, (b) chitosan (c) alginate and (d) PsB

most  of carboxylate groups were protonated and the base and acid groups are as non-ionized forms so,
therefore decreased repulsion of anionic groups leading hydrogen bonding between amine and carboxylic acid
to slight SWR increasing [31]. Above pH 5, the carboxylic (and probably carboxamide groups) may lead to a kind of
acid component comes into action since the pKa of the crosslinking followed by a decrease in swelling. A similar
weak polyacid is about 6.5 [29] which may favor observation is recently reported by Vera-Pacheco et al.
enhancement of the SWR. For pH 6.5 to 7 the majority of [20].    At    alkaline    media    pH    between    7    and   9,
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Table 1: SWR for grafted and hydrolyzed samples in different salt solutions

SWR (g/g)

--------------------------------------------------------------------------------------------------------------------------------------------------------------

Grafted samples Hydrolyzed samples

---------------------------------------------------------------------- ---------------------------------------------------------------------

Sample NaCl CaCl AlCl NaCl CaCl AlCl2 3 2 3

Starch 19 14 9 10 7 6

Chitosan 25 24 23 9 4 2

Alginate 27 25 21 8 3 2

P B 16 14 9 2 10 5.75s

some of the carboxylate groups were ionized and the carboxylic groups. Swelling of hydrogel is affected by pH
electrostatic  repulsion  between  (COO )  groups caused and salinity changes. Ionic repulsion between charged-

an enhancement of the SWR. The reason for swelling loss groups incorporated in the gel matrix by an external pH
in the highly basic solutions (pH of 9 to 13) is the "charge modulation could be assumed to be the main driving force
screening effect" of excess Na  (due to hydrolysis using responsible for abrupt swelling changes at pH of 6.5 and+

NaOH) in swelling media which shields the carboxylate 9. Swelling in different salt solutions was also
anions and prevents effective anion-anion repulsion, as investigated. This hydrogel network intelligently
explained by Mahdavinia et al. [31]. responding to pH may be considered an excellent

SWR in Salt Solutions: The SWR data obtained after 24 In addition The maximum values of%G,%E and%N
hours in chloride solutions of sodium, calcium and obtained in the present work (366.6%, 91.6% and 17.1%)
aluminum at the same concentrations are given in Table 1 were obtained for the polysaccharide blend hydrogel.
in which SWR decreases from 27 to 9 g/g with the
increase in the charge of the metal cations ACKNOWLEDGEMENTS
(Al >Ca þ>Naþ ) for the grafted samples. SWR for the3+ 2+ +

hydrolyzed samples were much lower than the grafted The financial support by the National Research
samples( the maximum SWR was 10 g/g) which is due to Center, Giza, Egypt is gratefully acknowledged.
the presence of -COO  groups and increasing interaction-

of ionic groups with Al , Ca þ and Na  þ ions so that the REFERENCES3+  2+   +

crosslink density increases and swelling capacity
decreases. Measurements of the SWR in various aqueous 1. Jhurry, D., Agriculture polymers. AMAS, 1997. Food
salt solutions indicated that the swelling capacity and Agricultural Research Council,  Réduit, Mauritiu.
decreased upon increasing the ionic strength of the 2. Peppas,   N.,    P.    Bures,    W.    Leobandung   and
swelling medium. This behavior could be attributed to a H. Ichikawa, 2000. Hydrogels in pharmaceutical
charge screening effect for monovalent cations, as well as formulations. European J. Pharmaceutics and
ionic crosslinking for multivalent cations [32]. The Biopharmaceutics, 50: 27-46.
osmotic pressure caused by the mobile ion concentration 3. Lee, K. and D. Mooney, 2001. Hydrogels for tissue
difference between the hydrogel and aqueous phases also engineering. Chemical Reviews, 101: 1869-1879.
affected SWRs. 4. Dole, P., C. Joly, E. Espuche and I. Alric, 2004. Gas

CONCLUSION Carbohydrate Polymers, 58: 335-343.

Grafted polysaccharides comprising starch-g-Am, 2003. Adsorption of methyl violet in aqueous
chitosan-g-Am,  alginate-g-Am  and  P B-g-Am as well as solutions by poly (acrylamide-co-acrylic acid)s

the hydrolyzed grafts, were synthesized through grafting hydrogels.   Radiation    Physics    and   Chemistry,
of Am onto starch, chitosan, alginate and a mixture of 66: 117-127.
these natural polymers, respectively. SWR of the 6. Omidian, H., J. Rocca and K. Park, 2005. Advances in
hydrogels was found to be affected by the polysaccharide super-porous  hydrogels.   J.   Controlled  Release,
type. The hydrolyzed hydrogel has both amine and 102: 3-12.

candidate for the design of novel drug delivery systems.

transport properties of starch based films.

5. Solpana, D., S. Durana, D. Saraydinb and O. Guvena,



World Appl. Sci. J., 13 (2): 360-368, 2011

367

7. Jayashree, B.,  K.  Virendra,  Y.  Bhardwaj,  N.  Goel, 17. Pourjavadi, A. and R. Gholam, 2006.
K. Dubey, V. Chaudhari and S. Sabharwal, 2007. Superabsorbency pH-Sensitivity and Swelling
Radiation-induced   grafting  of  acrylamide  onto Kinetics of Partially Hydrolyzed Chitosan-g-poly
guar gum in aqueous medium: Synthesis and (Acrylamide)   Hydrogels.   Turkey    J.   Chemistry,
characterization of grafted polymer guar-g- 30: 595-608.
acrylamide.   Radiation   Physics    and   Chemistry, 18. Athawale, V. and T. Vidyagauri, 1998. Graft
76: 1624-1630. Copolymerization onto Starch. 3: Grafting of

8. Gu, K., L. and Bao, 1993. Synthesis and study of Acrylamide Using Ceric Ion Initiation and Preparation
super-absorbent resin of poly(starch-acrylic acid- of Its Hydrogel. Starch, 50: 426-431.
acrylamide. Gaofenzi Cailiao Cailiao Kexue Yu 19. Hebeish,   A.,    A.    Bayazeed,     E.     El-Alfy   and
Gongcheng, 9: 36-39. M. Khalil, 1988. Synthesis and properties of

9. Charoen,  N.,  W.  Toha  K.  Azizon  and  K.  Suda, polyacrylamide-starch   graft    copolymers.   Starch,
2010. Preparation of cassava starch-graft- 40: 223-229.
polyacrylamide superabsorbents and associated 20. Vera-Pacheco, M., H. Vazquez-Torres and C. Canche-
composites by reactive blending. Carbohydrate Escmilla, 1993. Preparation and Characterization of
Polymers, 81: 348-357. Hydrogels Obtained by Grafting of Acrylonitrile onto

10. Lanthong, P, R. Nuisin and S. Kiatkamjornwong, Cassava Starch by Ceric Ion Initiation. J. Appl.
2006. Graft copolymerization, characterization and Polymer Sci., 47: 53-59.
degradation of cassava starch-g-acrylamide/itaconic 21. Vogel, A.I., 1975. Elementary Practical Organic
acid   superabsorbents.   Carbohydrate    Polymers, Chemistry, part 3,Quantitative Organic Analysis,
66: 229-245. London Group Ltd. London, 2nd Ed., pp: 652.

11. Jasim, A., M. Al-Karawi and A. Hussein, 2010. 22. Singh, V., A. Tiwari, S. Pandey and S. Singh, 2007.
Preparation and using of acrylamide grafted starch as Peroxydisulfate  initiated  synthesis  of  potato
polymer  drug   carrier.    Carbohydrate    Polymers, starch-graft-poly (acrylonitrile) under microwave
79: 769-774. irradiation. Express Polymer Letters, 1(1): 51-58.

12. Lui, M. and R. Cheng, 1998. Preparation and swelling 23. Shaojie, L., L. Tong and C. Deyong, 2003. Inverse
properties of super absorbent polymers. Chinese J. Emulsion  of   Starch-graft-Polyacrylamide.  Starch,
Polymer Sci., 14: 48-56. 55: 222-227.

13. Martíne, R., J. Sánchez-Díaz, F. Becerra, L. Cruz-Barba 24. Singh, V., A. Tiwari, N. Devendra and S. Rashmi,
and A. González-Álvarez, 2009. Swelling 2006a. Microwave enhanced synthesis of chitosan-
characterization and drug delivery kinetics of graft-polyacrylamide. Polymer, 47: 254-260.
polyacrylamide-co-itaconic acid/chitosan hydrogels. 25. Solpana, D., M. Torun and G. Olgun, 2008. The
Express Polymer Lett., 3: 25-32. Usability of (Sodium Alginate/Acrylamide) Semi-

14. Mochalova,  A.,  N.  Zaborshchikova,  A.  Knyazev, Interpenetrating Polymer Networks on Removal of
L. Smirnova, V.  Izvozchikova,  V.  Medvedeva  and Some Textile Dyes. Journal of Applied Polymer Sci.,
Y. Semchikov, 2006. Graft Polymerization of 108: 3787-3795.
Acrylamide on Chitosan: Copolymer Structure and 26. Abd-Alla, M., M. Nada, Y. Alkady and M. Hesham,
Properties. Polymer Science Series A, 48: 918-923. 2007. Grafted cellulose for metals adsorption. Bio-

15. Mahdavinia,  G.,  A.  Pourjavadi,  H.  Hosseinzadeh Resources, 3: 46-59.
and M. Zohuriaan, 2004. 4. Superabsorbent 27. Nakason, C., W. Toha, K. Azizon and K. Suda, 2010.
hydrogels   from    poly    (acrylic   acid-co- Preparation of cassava starch-graft-polyacrylamide
acrylamide) grafted chitosan with salt- and pH- superabsorbents and associated composites by
responsiveness  properties.  European   Polymer  J., reactive    blending.       Carbohydrate      Polymers,
40: 1399-1407. 81: 348-357.

16. Yihua,  Y.,  J.  Xingmin,  D.  Hui,  Y.  Yi  and  Z.  Hua, 28. Lutfor,  M.,   S.   Sidik,  J.  Haron,  M.  Rahman  and
2008. Study of the swelling dynamics with M. Ahmed, 2003. Modification of sago starch by
overshooting effect of hydrogels based on sodium graft copolymerization, Effect of reaction conditions
alginate-g-acrylic   acid.    Carbohydrate   Polymers, on grafting parameters. International J. Polymeric
71: 682-689. Materials, 52: 189-201.



World Appl. Sci. J., 13 (2): 360-368, 2011

368

29. Kiatkamjornwong, S., C. Wararuk and S. Manit, 2000. 31. Mahdavinia,    G.,       M.       Zohuriaan-Mehr    and
Radiation modification of water absorption of A. Pourjavadi, 2004a. 4. Superabsorbent hydrogels
cassava starch by acrylic acid/acrylamide. Radiation from poly (acrylic acid-co-acrylamide) grafted
Physics and Chemistry, 59: 413-427. chitosan with salt- and pH-responsiveness

30. Singh, V., A. Tiwari, P. Sadanand and K. Somit, properties. Polymer Advanced Technol., 15: 173-180.
2006b. Microwave-accelerated synthesis and 32. Pourjavadi, A., M. Amini-Fazl and H. Hosseinzadeh,
characterization of Potato starch-g-poly (acrylamide). 2005. Partially Hydrolyzed Crosslinked Alginate-
Starch, 58: 536-548. graft-Polymethacrylamide as Novel Biopolymer-

Based Superabsorbent Hydrogel Having pH-
Responsive   Properties.     Macromolecular    Res.,
13: 45-53.




