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Predominate radiation reaction of K-carrageenan (KC) hydrogel is the main chain

scission of KC. The gel strength of KC hydrogel decreased with increasing irradiation dose.

However, KC was found to enhances the radiation crosslinking of synthetic water-soluble

polymer (SWSP) such as poly(ethylene oxide) (PEO) and poly(N-vinylpyrrolidone) (PVP)

in aqueous solution. The gel strength of SWSP hydrogel increased with increasing dose when

KC was blended. Probably the radiation degraded KC radicals are recombined with radicals of

PVP and PEO. The hydrogel thus prepared absorbs huge amounts of water due to the presence

of strong hydrophilic -OSO3"groups in KC.

1. Introduction

The hydrogel prepared by irradiation of aqueous solution of synthetic

polymers such as poly(vinylalcohol), PVA, PEO and PVP are applied for medical uses

as wound dressing. However, the mechanical properties of the hydrogel are often too fragile

to be used without backing materials. Several processes have been proposed to improve the

mechanical properties of the PVA hydrogel; incorporation of chemical and physical

crosslinking by formaldehyde " and crystallization 2). It is well known that KC has the ability

to form a rigid thermo-reversible hydrogel at room temperature. KC is a hydrophilic

polysaccharide that occurs as matrix materials in numerous species of seaweed (e.g. Chondrus,

Gigartina, Eucheuma and Fucellaria). The structure of KC is shown in Fig. 1. The AB repeat

unit consists of 1, 3-linked p-D-galactose residue (A) and 1,4-linked 3,6-anhydro-a-D-

galactose residue (B). Recently, radiation degraded polysaccharides were found to have
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biological activities such as anti-bacterial activity and promotion of plant growth 3). In this

paper the blending effect of KC with PVP and PEO will be reviewed.
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Fig. 1 Structure of K-Carrageenan

2. Experimental

Commercially available industrial products of KC, PEO and PVP were used in this

experiment without further purification. Various concentrations of KC, PEO and PVP

solutions were prepared by dissolving in distilled water at 80°C for 120min, then the hot

solutions were mixed in a glass tube of diameter 15mm. The solution changed to hydrogel

upon cooling at room temperature. Irradiation of the hydrogel was carried out with y-rays

from Co-60 source at room temperature. After irradiation, the hydrogel was cut into cylinders

with a 15mm diameter and 20mm height for testing. Gel strength were measured by

compressing the hydrogel between parallel plates at Strograph-Rl Material Tester (Toyoseiki

Co., LTD, Japan) with a crosshead speed of 50 mm/min. The hydrogel was put into stainless

net of 200 mesh, and then sol was extracted in distilled water at 120°C for 120min in an

autoclave. The remained gel was immersed in methanol for 60min and again dried to constant

weight at 50°C. Gel fraction was calculated according to a conventional method. Gel dried to

constant weight were immersed in distilled water at room temperature to the equilibrium. The

water absorption capability of the gel was calculated from (weight of gel at the equilibrium)

divided by (weight of dried gel after extracting sol).

3.Results and Discussion

3.1. Radiation degradation of K-Carrageenan hydrogel

The effect of radiation on the gel strength of KC hydrogel is shown in Fig. 2 4 5). The

gel strength decreases quickly with the increasing of dose, but dose rate have little influence
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on the gel strength of KC gel. In addition, Fig. 2 also shows that with increasing of KC%, the

gel strength increases greatly, but after irradiation, the gel strength also decreases quickly.

Loss in gel strength suggests the breakdown of the macromolecular network of KC. The gel

fraction measurement indicates that there is no radiation crosslinking in these experimental

conditions.
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Fig. 2 Gel strength of KC hydrogel Fig. 3 Gel fraction and gel strength of
KC/PEO hydrogel by radiation

3.2 Effect of KC on the preparation of PVP hydrogel by radiation PEO and KC

Fig. 3 shows gel formation and changes in gel strength of a system consisting of a

moderately concentrated blended solution of KC/PEO = 1/1 at total concentration of 5%4).

PEO belongs to radiation crosslinking polymers, and KC belongs to radiation degradable

polymers. Therefore the maximum gel fraction will be 50% if degradation of KC and

crosslinking of PEO occurred separately. However, more than 70% of gel was achieved at a

dose of lOkGy, then the gel fraction decreased. Similar change in the gel strength of the

hydrogel was observed. Changes in hardness of the hydrogel and water absorption capability

of dried gel with dose are shown in Fig. 4. Both decrease with increasing dose. Due to the

presence of strong hydrophilic groups in KC, the KC/PEO dry gel can absorb large quantity

of water.

3.3 Effect of KC on PVP hydrogel

Fig. 5 shows the response of KC blending with PVP hydrogel to irradiation (blending

ratio 1:3, total 20%)5). The gel strength of KC/PVP increases with the increasing of the dose

from 0 to 20kGy, and then decreases after 20kGy.
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Fig. 4 Hardness and water absorption of Fig.5 Gel fraction and gel strength of
KC/PEO hydrogel KC/PVP hydrogel

3.4 Conclusions

These results strongly indicate the co-crosslinking of KC and synthetic water-soluble

polymer (SWSP) such as PEO and PVP at lower dose range. Several types of radicals will be

formed in this system. Predominant radicals from KC are supposed to be main chain scission

radicals and side chain scission radicals from SWSP. The recombination of these radicals

forms T type molecules consisting of long branch of KC attached to SWSP. Also H type

molecules will be formed by recombination of SWSP radicals. Combination of these T type

and H type molecules will finally create three-dimensional networks at lower dose rage. Once

the network is formed, degradation of incorporated KC fragments will dominate. Thus the gel

fraction decreases at high dose range. The steady decreases of hardness and water absorption

at high dose suggest that continuation of crosslinking reaction in the SWSP gel.

Since KC incorporated SWSP hydrogel have excellent mechanical properties it can

be used not only for medical application but also for industrial and agricultural application.
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