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Abstract

The effects of polysaccharides as additives on the physical properties of hydrogels
prepared by the application of gamma (-7) rays were investigated. The polysaccharides- sago,
barley and rice powder were used as additives for the preparation of hydrogel from polyvinyl
alcohol (PVA) having molecular weight 72,000 by applying various doses of gamma rays.
The physical properties of the prepared hydrogel, such as gel fraction, degree of swelling,
water absorption- and desorption rates were determined. It is found that the gel fraction of
hydrogel with barley is higher than that of hydrogel with rice powder and sago. It is also
found that the water absorption- and desorption rates of hydrogel with rice powder are higher
than those of hydrogel with barley and sago.
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1. Introduction

Hydrogels, prepared from hydrophilic polymers, are readily synthesized using gamma
ray and electron beam irradiation methods. Rosiak [1] showed that the hydrogel could be
prepared by radiation cross-linking of polyvinylpyrrolidone (PVP) following gamma ray
irradiation process from its aqueous solution. Yoshii et al. [2] also studied the behavior of
electron beam (EB) cross-linked polyethylene oxide/ polyvinyl alcohol (PEO/PVA) hydrogel
for application in wound dressing. Besides, Ikada et al. [3] studied radiation cross-linking of
a wide range of water-soluble polymers like PVP, PVA, PEO and polyacrylic acid (PAAc).
In their investigation, the retention capacity of water in its three-dimensional network
structure was mainly studied.

However in gel synthesis, the presence of chemical substances added in PVA aqueous
solution as additives, influence the mechanical behavior of the resultant product since they
greatly affect the cross-link density [4]. The network cross-link density is the dominating
parameter on the mechanical properties of the gel. This network structure controls the surface
properties and permeability, which eventually provide hydrogels uniqueness in many
applications [5,6]. Some expensive additives such as gelatin, pectin etc. have been widely
used to improve the quality of hydrogels [7]. In this study some locally available additives are
searched that can also be served at the same purpose. In this connection some additives like
sago, barley and rice powder are selected and used in this investigation for the preparation of
PVA hydrogel. This paper describes the comparative study regarding the effect of those
additives on the physical behavior of hydrogel.

2. Experimental

2.1. Materials
PVA (M.W. = 72000) used for hydrogels preparation was procured from BDH,

England. The additives (sago, barley and rice powder) were purchased from local market.
Distilled water was used as solvent.

2.2. Sample preparation
Aqueous solutions of 14 wt.% PVA and 4 wt.% additives (sago, barley and rice

powder) in distilled water were separately prepared. The homogeneous solutions were
obtained by stirring them continuously with a magnetic stirrer. These two solutions were
mixed together in equal volume, again stirred and heated in water bath at 70°C for 1 hour.
The mixed solutions were poured in several Petri dishes and exposed under gamma rays at
the radiation doses for 5, 10, 15, 20, 30, 40, 50, 60 and 70 kGy using a 60Co source in order to
produce hydrogels.

2.3. Determination of gel fraction
The gel samples were dried to a constant weight (Wi) at 50°C in an oven. Then these

were immersed in distilled water for 24 h to extract untreated materials. The extracted
samples were finally dried in an oven to a constant weight (W2). These processes were done
for each sample. Finally the gel fractions were determined gravimetrically by using the
following expression:

Gel fraction (%) = (W2/W,) *100
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2.4. Determination of degree of swelling
For determining the degree of swelling the previously extracted gel samples (W2), in

the 2.3 processes were used and it was kept in distilled water for 24 h. The weight of the
swollen gel was measured (W3). Finally the degree of swelling was determined by using the
following relation:

Degree of swelling = (W3 - W2)/ W2

2.5. Determination of water absorption rate
To determine the water absorption rate of the prepared gels the previously extracted

gel samples (W2), in the 2.3 processes were used and it was kept in distilled water and then
weighed (W4) after a preplanned time intervals. Finally the absorption rate was measured by
using the following expression:

Water absorption rate (%) = [(W4 - W2)/ W2] * 100.

2.6. Determination of water desorption rate
To determine the water desorption rate of the prepared gel the previously swollen gel

(W3) were taken and exposed in normal room conditions and then weighed (W5) after the
same time intervals as in experiment 2.5. Finally the water desorption rate was determined by
using the following expression:

Water desorption rate (%) = [(W3- W5)/ W3] x 100.

3. Results and Discussion

Fig.l illustrates the variation of gel fraction with various radiation doses. In the dose
range of 20 - 70 kGy, gel fraction shows more or less constant values. The values of gel
fractions of hydro gels with various additives (sago, barley and rice powder) are different. Of
them the highest gel fraction is obtained from barley added hydrogel, the least being for the
rice powder added hydrogel. The sago added hydrogel possesses that value in between the
above mentioned two gels. No measurable gel is formed below 20 kGy radiation dose.

40 50
Dose [kGy]

Fig. 1. Gel fraction of PVA hydrogel with various additives at
different radiation doses.
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Fig. 2 illustrates the variation of degree of swelling with various radiation doses. The
highest degree of swelling is obtained from hydrogel with rice powder and the hydrogel with
sago shows the lowest value of degree of swelling. The patterns / orders of the degree of
swelling results are entirely reciprocal of the gel fraction results.
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Fig. 2. Degree of swelling with various additives at different
radiation doses.

The water absorption and desorption rates are very important for hydrogel. The
absorption rate indicates that how quickly the prepared hydrogel will absorb fluid from the
wound / burn skin. Fig. 3 represents the kinetics of water absorption of the prepared hydrogel.
At first the rate of water absorption is high, then slow and ultimately levels off for all the
three hydrogels. The water absorption rate for hydrogel with rice powder is the highest and
that for hydrogel with barley is the lowest.
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Fig. 3. Water absorption rate of PVA hydrogel with various
additives at 20 kGy dose.

Fig. 4 shows the kinetics of water desorption of prepared hydrogel. Desorption rate
indicates how fast the prepared hydrogel dried. It is found that during the first few hours this
rate is very high and then ultimately levels off for all the three hydrogels. It is found that
during the first few hours this rate is very close to each other and after a long time this rate is
highest for the rice powder added hydrogel followed by those of the sago and barley added
hydrogels respectively. These results revealed that the radiation dose with the number of
cross-linking in the polymer chain have no crucial effect on the above two rates.

20 25 305 10 15

Time [h]
Fig. 4. Water desorption rate of PVA hydrogel with various

additives at 20 kGy dose
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4. Conclusions

From the results, it can be concluded that the PVA hydrogel with additives are
promising for use as a burn wound dressing. These hydrogels show the properties which can
meet the requirements of the good wound dressing. For instance, it can absorb fluid
effectively, pleasant in touch, exhibits good elasticity with good mechanical strength,
acceptable transparency and can act as a barrier against the microbes.

5. References

1. J. M. Rosiak, ACS Series. 475, Am. Chem. Soc, Chap.17, p.271 (1991).
2. F. Yoshii, Y. Zhanshan, K. Isobe, K, Shinozaki and K. Makuuchi, Radiat. Phys. Chem.

55,133 (1999).
3. Y. Ikada, T. Mita, F. Horii and I. Sakurada, Radiat. Phys. Chem. 9,633 (1977).
4. J. M. Rosiak, P. Ulanski, L., A. Pajenky, F. Yoshii and K. Makuchii, Radiat. Phys.

Chem. 46(2), 161 (1995).
5. A. B. Lugao, S. O. Rogero and S. M. Malmouge, Radiat. Phys. Chem. 63, 543 (2002).
6. B. D. Ratner and A. Hoffman, ACS Symp, Series 31,1 (1976).
7. G. D. Winter, J. Invest. Dermat, 45(4), 299 (1965).


