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ABSTRACT 

Poly (vinyl pyrrolidone) (PVP) hydrogels with chitosan were prepared from their aqueous solution by the 

application of gamma radiation from Co-60 source at room temperature. The parameters like variation of total radiation 

dose and concentration of chitosan in PVP/chitosan mixture were studied. The properties of prepared hydrogel such as gel 

fraction, water absorption, swelling ratio and equilibrium water content were investigated. Gel fraction of hydrogel 

increases with increased radiation dose and reaches a maximum value at the radiation dose of 25 kGy, beyond which the 

gel fraction remains almost unchanged with further increased radiation dose. Water absorption of hydrogel reaches a 

maximum value at 27 hours standing time in water. It is also found that water absorption, swelling ratio and equilibrium 

water content decreases with increased radiation dose and concentration of chitosan in the feed solution. 
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INTRODUCTION 

Hydrogels are three dimensional networks of cross-linked polymeric structures which are able to swell in aqueous 

media. Hydrogels are used extensively in medicine and pharmacy as drug delivery system, contact lenses, catheters, wound 

dressings, and biosensors[1]. Hydrogels are synthesized using either chemical reagents or irradiation. Radiation method is a 

very convenient tool for the preparation of hydrogel because obtained product is free from chemical initiator.                         

The concurrent sterilization of the final product is obtained by radiation method [2]. 

The poly(vinyl pyrrolidone) (PVP) is a nonionized and water-soluble polymer with interesting biocompatible 

properties[3]. Chitosan is a natural polysaccharide. It is produced by deacetylation of chitin in alkaline condition. It consists 

of an unbranched chain containing of β-(1 4)-2-amino-2-deoxy-D-glucopyranose, and it is a basic linear polysaccharide [4, 

5]. This polysaccharide is soluble in dilute acid [6]. Chitosan is widely used in food and pharmaceutical industry and in 

biotechnology.  

Hydrogel of natural polymers, especially polysaccharides have been used because of their unique abilities to 

improve properties. Polysaccharides are generally nontoxic, biocompatible, biodegradable and abundant[7]. Sago starch, a 

polysaccharide, improves gel strength and reduces swelling ratio of poly(vinyl alcohol) hydrogel [8], but the addition of 

kappa-carrageenan enhances gel strength and swelling ratio of PVP hydrogel[9]. It is also found that the addition of agar 

improves gel strength of PVP hydrogel but decreases swelling ratio [10].  
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The objective of this study is to prepare hydrogel from PVP without and with addition of chitosan and to evaluate 

different properties of the prepared hydrogel, such as gel fraction, water absorption, swelling ratio and equilibrium water 

content. In this investigation we also make an effort to optimize the radiation dose for the preparation of PVP hydrogel 

with chitosan.  

EXPERIMENTAL 

Raw Materials 

The PVP (K-90) was purchased from BASF, Germany and was used as received. Chitosan and acetic acid were 

obtained from Aldrich-Chemie, Germany and Reidel-de-Haen, Germany respectively. 

Preparation of PVP Solution 

The aqueous solution of PVP was prepared by dissolving it in distilled water at 60ºC with continuous stirring and 

keeping it at room temperature for few hours.  

Preparation of Chitosan Solution 

Various concentration of chitosan solutions were prepared by dissolving chitosan in 2% acetic acid at room 

temperature with continuous stirring and keeping it at room temperature for few hours.  

Preparation of PVP Hydrogel with Chitosan 

The solutions of PVP and chitosan were mixed at room temperature by stirring with a glass rod at different 

compositions. The concentration of PVP in PVP and chitosan mixture was kept at 10% and concentration of chitosan was 

varied like 1.0%, 1.5% and 2.0%. The mixtures were poured in glass test tubes and sealed. Irradiation was carried out by 

gamma rays from Co-60 source with selected radiation dose (10, 15, 20, 25, 30 and 35 kGy) at a dose rate 7 kGy/h. 

Determination of Viscosity 

Chitosan was heated in an oven at 60°C and weighed up to constant weight. A 0.1 to 3.0 g/L dry chitosan was 

dissolved 2% acetic acid. Chitosan solution was irradiated with varying radiation dose. Viscosity of irradiated chitosan 

solution was measured using Ostwald Viscometer in a thermostatic water bath at ~30°C. 5 ml chitosan solution was 

charged in viscometer and flow time was measured using stop watch. 

Determination of Gel Fraction 

The hydrogel samples were cut into small pieces and dried in an oven to constant weight at 50ºC. The dried 

samples were then immersed in distilled water at room temperature for 24 h. The undissolved parts remaining in the 

distilled water were taken out and again dried to constant weight at 50ºC. The gel fraction was calculated according to the 

following relation: 

Gel fraction (%) = (W1/W0) × 100, where W1 and W0 are the dry weight of extracted gel and initial weight of dry 

gel, respectively. 

Determination of Water Absorption 

The hydrogel sample dried to constant weight was immersed in distilled water at room temperature. The gel 

swelled in water. The weight of the swelled gel was taken at definite time interval after soaking the surface water by a 
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tissue paper. The water absorption was calculated as follows:  

Water absorption (%) = [(Wt - W1)/ W1] × 100, where Wt is the weight of gel at time t and W1 is the initial weight 

of dry gel. 

Determination of Swelling Ratio 

The hydrogel samples dried to constant weight were kept in distilled water at room temperature for 27 hours and 

weighed after removing the surface water by a tissue paper. The swelling ratio was calculated as follows:  

Swelling ratio = [W - W1)/W1], where W is the weight of swelled gel and W1 is the initial weight of dry gel. 

Determination of Equilibrium Water Content 

Gel samples dried to constant weight were immersed in distilled water at room temperature. Swelling of gel was 

continued to reach a constant weight and weighed after removing any surface water with a tissue paper. Equilibrium water 

content was calculated as follows: 

Equilibrium water content (%) = [(Ws – W1)/Ws] × 100, where Ws is the weight of gel after absorption of water 

and W1 is the initial weight of dry gel sample. 

RESULTS AND DISCUSSIONS 

Figure.1 shows the effect of radiation dose on specific viscosity of chitosan solution. The specific viscosity of 

chitosan solution decreases with an increase in radiation dose. The declining trend of specific viscosity may be the cause of 

breakdown of chitosan molecule by the action of radiation. This result indicates that chitosan is a radiation degradable 

polysaccharide. It has been reported [9] that polysaccharide like kappa-carrageenan degrades to low molecular weight 

compound by the action of radiation. 

Gel fraction is the undissolved parts of a polymer. It is measured after removing the sol (dissolving parts) in a 

suitable solvent. The gel fraction of PVP hydrogel without and with addition of chitosan prepared with varying radiation 

dose is shown in Figure. 2. The increase in gel fraction of PVP hydrogel with increased radiation dose is due to increase 

the formation of more cross-linking at higher radiation dose. The gel fraction reaches a maximum value at the radiation 

dose of 25 kGy and after this radiation dose the increasing trend of gel fraction is insignificant. It is also found that the gel 

fraction decreases with increased amount of chitosan in the mixture of PVP and chitosan. It decreases from ~95% to ~92% 

for varying the concentration of chitosan from 0% to 2% in the feed solution. It can be explained as chitosan is a radiation 

degradable polymer, when PVP with chitosan is subjected to a radiation dose, chitosan degrades to a low molecular weight 

compound, which may prevent the cross-linking between PVP molecules that causes the reduction of the gel fraction of 

PVP hydrogel with chitosan. It is reported that the gel fraction of PVP hydrogel with carrageenann [9] and with agar [10] 

decrease with increased concentration of carrageenan and agar in hydrogel, respectively. 

The changes in water absorption capacity of PVP and chitosan blend hydrogel prepared at 25 kGy radiation dose 

are shown in Figure. 3. Water absorption increases with increased standing time of hydrogel in water and reaches a 

maximum value at 27 hours. It is also found that water absorption of hydrogel decreases with increased amount of chitosan 

in the feed solution. It decreases from ~1440 to 750% for the concentration range of chitosan from 0.0 to 2.0% at 27 hours 

standing time in water. The reduction of water absorption of PVP hydrogels with increased concentration of chitosan may 
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be due to the polymer network occupied by degraded chitosan molecules resulting reduced free spaces for water molecules. 

Another cause is that the hydrophilicity of chitosan may be lower than that of PVP. 

Swelling ratio reflects the cross-link density of a polymer and it decreases with an increase in cross-link density. 

With the increase in cross-link density a limited scope is available for free water to enter into the vacant spaces of the 

cross-linking network. Figure. 4 shows the swelling ratio of PVP hydrogels with different concentration of chitosan and 

radiation dose. It is found that swelling ratio decreases with increased radiation dose. This result indicates that cross-link 

density increases with an increased radiation dose. It is also found that swelling ratio decreases with an increase in the 

concentration of chitosan. It reduces from ~14 to ~7.5 for the concentration range of chitosan in feed solution from 0.0 to 

2.0%. It can be explained as the hydrophilicity of chitosan may be lower than that of PVP and degraded chitosan molecules 

may be interacts/entraps onto PVP resulting swelling behaviors of hydrogel reduces. Hashim et al.[11] reported that sago 

starch entraps into polymer backbone resulting in reduced swelling ratio and cross-link density of poly(vinyl alcohol)/sago 

blend hydrogel. 

The changes in equilibrium water content of PVP hydrogel without and with addition of chitosan at various 

radiation doses are shown in Figure. 5. The equilibrium water content of obtained hydrogel decreases with increased 

radiation dose. It is also found that equilibrium water content decreases with increase in chitosan content in feed solution. 

The values of equilibrium water content reduce from ~93 to ~88% for the concentration of chitosan from 0.0 to 2.0% at the 

radiation dose of 25 kGy. 

CONCLUSIONS 

PVP hydrogels without and with addition of chitosan were prepared by the application of gamma rays from Co-60 

source at room temperature. The maximum gel fraction of prepared hydrogel is obtained at the radiation dose of 25 kGy. 

This radiation dose (25 kGy) can be considered as optimum dose for synthesis of PVP/chitosan blend hydrogel. Gel 

fraction, water absorption, swelling ratio and equilibrium water content of PVP hydrogel decreases with addition of 

chitosan in feed solution. Water absorption of hydrogel reaches a maximum values at 27 hours standing time in water.  

 

Figure 1: Effect of Radiation Dose on Specific Viscosity of Chitosan 
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Figure 2: Effect of Radiation Dose and Chitosan on Gel Fraction of PVP 

 

Figure 3: Effect of Chitosan in PVP Hy Drogel Prepared at the Radiation Dose  
of 25 KGY on Water Absorption at Varying Standing Time 

 

 

Figure 4: Effect of Radiation Dose and Chitosan on Swelling Ratio of PVP Hydrogel 
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Figure 5: Effect of Radiation Dose and Chitosan on Equilibrium Water Content of PVP Hydrogel 

REFERENCES 

1. Jabbari, E. and Nozari, S. (2000). Swelling behavior of acrylic acid hydrogels prepared by γ-radiation crosslinking 

of polyacrylic acid in aqueous solution, Eur. Polym. J., 36(12), 2685-2692. 

2. Rosiak, J. M. and Olejniczak, J. (1993). Medical applications of radiation formed hydrogel, Radiat. Phys. Chem., 

42(4-6), 903-906. 

3. Molyneur, P. (1983). Proceedings of the International Symposium on Povidone, Lexington, Kentucky, USA, 

April 17–20.  

4. Mathew, J. and Kodama, M. (1992). Study of blood compatible polymers I. modification of poly(vinyl alcohol), 

Polym. J., 24, 31- 41. 

5. R. A. A. Muzzarelli (1985). Encyclopedia of Polymer Science and Engineering, Wiley, New York, 3, 340-440. 

6. G. A. F. Roberts (1992). Ed., Chitin Chemistry, Macmillan, London. 

7. Chen, J. Seongbong, J. and K. Park (1995). Polysaccaride hydrogels for protein drug delivery, Carbohydrate 

polymers, 28 (1), 69-76. 

8. Hashim, K.., Halim, A. S., Nor, M. T. M., Dahlan, K. Z. M. and Yoshii (2002), F. PVA-sago starch hydrogel and 

preliminary clinical animal study of the hydrogel, Proceeding of the Takasaki Symposium on Radiation 

Application of Natural Polymers in Asia, JAERI, Takasaki, Japan, JAERI-Conf. 2002–2003, 19. 

9. Dafader, N. C.,  Haque, M. E. and Akhtar, F. (2005). Effect of kappa-carrageenan on the properties of poly (vinyl 

pyrrolidone) hydrogel prepared by the application of radiation, Polym. Plast. Technol. Eng., 44(7), 1339-1346. 

10. Dafader, N. C., Haque, M. E. and Akhtar, F. (2005). Synthesis of hydrogel from aqueous solution of poly(vinyl 

pyrrolidone) with agar by gamma-rays irradiation. Polym. Plast. Technol. Eng., 44(2), 243-251. 

11. Hashim, K., Mohid, N., Bahari, K. and K. Z. Dahlan (2000). Radiation cross-linking of starch/water-soluble 

polymer blends for hydrogels, Proceeding of the Takasaki Workshop on Bilateral Cooperation-Radiation 

Processing of Natural Polymers, JAERI, Takasaki, Japan, JAERI-Conf. 2000-2003, 23. 


