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Radiation Processing of Carrageenan Using Electron Beam
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Electron beam accelerator has been widely employed in the modification of natural
polymers for the development of materials used in biomedical and agricultural applications.
The carrageenans are among these materials that show a vast potential for these types of
applications. Previous studies at the Philippine Nuclear Research Institute focused on the
utilization of gamma radiation to modify the carrageenans. Radiation degradation of
carrageenan found valuable use as plant growth promoter. Hydrogels for bum dressing
using blends of carrageenan and synthetic polymers have also been made using gamma
radiation. While previous studies have been focused on the use of gamma radiation to
modify the carrageenans, recent studies expanded the technology to electron beam.
Concretely, researches are along the following two areas: a) Degradation studies of aqueous
carrageenan using the LEEB and b) Preparation of blend polysaccharide derivatives such as
carboxymethylcellulose (CMC), and hydroxypropylcellulose (HPC) with kappa-
carrageenan (KC) by EB radiation. These works were done at the Takasaki Radiation
Chemistry Research Establishment (TRCRE) by two PNRI colleagues under the nuclear
researcher exchange program of the Japan Ministry of Education, Culture, Sports, Science
and Technology (MEXT). The first area had already been reported and discussed in the last
project meeting held in Malaysia.

Preparation and characterization of binary-polysaccharide based hydrogels processed
by EB radiation

Carboxymethylcellulose (CMC) is the most popular cellulose ether and the cheapest
one. It is an anionic linear polymer in which the original H atoms of cellulose hydroxyl
groups are replaced by carboxymethyl substituent, -CH2COO".

Hydroxypropylcellulose (HPC) is one of the most important chemical derivatives of
cellulose due to its considerable hydrophilicity, complex phase behavior and easy
production. Its aqueous solutions exhibit lower critical solution temperature (LCST), which
makes the material an interesting subject of research.

Carrageenans are hydrophilic polymers which are composed of D-galactose units
linked alternately with a 1,3 and (3 1,4 linkages. Due to their half-ester sulfate moieties,
they are strongly anionic polymers. These sulfated galactans are classified according to the
presence of the 3,6-anhydrogalactose on the 4-linked residue, and in the number and
position of the sulfate group.
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presence of the 3,6-anhydrogalactose on the 4-linked residue, and in the number and
position of the sulfate group.

Carboxymethyl cellulose (CMC) / kappa carrageenan (KC) and hydroxypropylcellulose
(HPC) / KC blends were prepared and irradiated using a 2 MeV electron beam accelerator
set at a current of 1 mA and dose per pass of 1 kGy. The hydrogels were characterized as to
gel fraction, equilibrium degree of swelling and tensile strength.

Crosslinking behavior of CMC/KC and HPC/carrageenan hydrogel blends
Gel fractions for pure (CMC-68% and HPC-86%) and the blends rise sharply up to a

dose of 30 kGy and levels off beyond this dose. In CMC/KC blends, blends containing
2.5% KC have slightly higher gel content than pure CMC at all doses. Blends containing
5% KC approximates that of the pure CMC at doses 50-100 kGy. At these concentrations,
KC does not hinder the crosslinking ability of CMC. However, blends containing 10% KC
exhibited lower gel fractions. For HPC-carrageenan blends, only concentrations not
exceeding 5% KC can be mixed to produce homogeneous blends. Above this
concentration, some dissolution problems occurred. Gel fractions of HPC/KC (2.5%) blend
approximate that of pure HPC. Decrease in gel fraction was also observed at higher KC
concentration (Fig. 1).

Swelling behavior of the hydrogel blends
The swelling properties of the CMC/KC and HP/KC blends indicate a typical

swelling-dose relationship. Swelling is highest at low doses and abruptly decreases with
increasing dose until it reaches equilibrium. The swelling properties of the blends decreased
with increasing KC concentrations (Fig. 2).

Mechanical properties of CMC/KC and HPC/carrageenan hydrogels
Tensile strength of all hydrogels increased with dose reaching a maximum at 50 kGy.

The presence of KC in the blends resulted in significant increase in their tensile strengths.
Increase in tensile strengths was more than 101% with 2.5% KC, 153% with 5% KC and
200% with 10% KC. Elongation at break of all samples decreased as a function of dose.
Blends have lower elongation at break compared to the pure crosslinked CMC due to the
rigidity imparted by KC on the gel network. (Figs. 3 and 4).

Effect of temperature on the swelling of HPC and HPC/KC blends in deionized water
Hydroxypropylcellulose is an example of thermally responsive polymer. Pure HPC gel

exhibited an LCST at 40°C. The hydrogels from HPC-KC blends on the other hand
exhibited two LCSTs at 35°C. A new temperature transition was also observed at 35°C (Fig.
5).
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Fig. 1. Crosslinking behaviour of CMC/KC and HPC/KC blends at various KC
content.
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Fig. 2. Swelling of CMC and CMC/KC and HPC/KC blends in deionized water at
room temperature.

100

-135-



JAERI-Conf 2005-005

0 20 40 60 80 100

Fig. 3. Tensile strength (a) and elongation at break (b) of CMC and CMC/KC
hydrogels in relaxed state.
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Fig. 4. Tensile strength (a) and elongation at break (b) of HPC and HPC/KC
hydrogels in relaxed state.
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Fig. 5. Swelling of HPC and HPC/KC hydrogel blends
irradiated at 25 kGy as a function of temperature.
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