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2.4 Application of Functional Polymers Synthesized by Radiation
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Abstract
It was found that polysaccharide derivatives undergo crosslinking under ionization

irradiation at high concentration - so called "paste-like" conditions. The crosslinking
behavior of carboxymethylcellulose (CMC) was largely affected by concentration and
degree of substitution (DS)[1,2]. The concentration of 20 - 30 % for DS 1.3 and 50 -
60 % for DS 2.2 were the most effective for crosslinking of CMC. Bedsore prevention
mat filled up with CMC soft hydrogel crosslinked by irradiation at a paste-like condition
was applied as a health care product. It was conformed that CMC dry gel is effective as an
absorber of water, even up to 60 - 70 % in order to carry out fermentation effectively of
original excrement from livestock, which include 90 % of water. Polylactic acid (PLA)
irradiated in the presence of polyfunctional monomer (PFM), triallyisocyanurate (TAIC)
results in crossliking. The crosslinked PLA possesses such properties as biodegradability,
transparency, high heat-stability and it can be use as heat-shrinkable tubes. Radiation
crosslinked poly (vinyl alcohol) hydrogel was applied as wound healing dressing material
and it was commercialized since July 2004.

Introduction
Polysaccharides such as cellulose and starch are renewable materials, but those

materials are typical degradation polymer under ionizing radiation. Thus, it is difficult to
lead crosslinked structure in polysaccharide molecules at a solid state. Polysaccharides
derivatives such as carboxymethycellulose (CMC), carboxymethylstarch (CMS) and
carboxymethylchitosan (CM-chitosan) dissoluble in water were irradiated at a high
concentration (paste-like condition) to obtain crosslinked polysaccharide. It was found
that this condition is effective to induce crosslinking for polysaccharides derivatives and
hence form hydrogel. Application in agriculture and medical/welfare of these
biodegradable hydrogel are expected.

Biodegradable polylactic acid (PLA) is synthesized by condensation polymerization
of lactic acid obtained by fermentation of raw material, starch. Development of the
biodegradable PLA is expected to be environmentally friendly material compare to
unbiodegradable polyolefin polymers such as polyethylene and polypropylene. The
PLA have some advantages such as high hardness, transparency and biodegradability.
However, PLA undergoes degradation under ionizing irradiation. We found that
triallyisocyanurate (TAIC) is favorable crosslinker for PLA under irradiation.
Crosslinked PLA could be applied as heat-shrinkable tube possessing improved heat
resistance.
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Hydrogel synthesized by electron beam irradiation was applied on wound dressing
used in medical field and it was commercialized since July 2004.

In this paper, application of radiation crosslinked polysaccharide derivatives, PLA
heat-shrinkable-tube, hydrogel wound dressing was reported.

Crosslinking behavior of polysaccharide derivatives
Polysaccharides and its derivatives undergo degradation when sample were

irradiated at solid state and aqueous solution. In this experiment, CMC was
homogeneously kneaded with water at high concentration (Figure l(a)). Hydrogels were
achieved at the concentration over 10 %, after exposing those solutions to ionizing
irradiation (Figure 1 (b)). The crosslinking was affected by such factors as concentration,
molecular weight and degree of substitution (DS). Figure 2 shows crosslinking behavior
of CMC with DS 1.3. From this figure one can notice that concentration of 20 - 30 % is
effective for obtaining CMC hydrogels. For high concentration such as 40 %,
crosslinking of CMC is reduced. It is due to that CMC is not dispersed homogenously
in water because of insufficient water availability. Under ionizing irradiation CMC in
solid state and at low concentration solutions, lower than 5 %, degradation predominate

EBand y -rays irradiation

Before irrad. After irrad. Hydrogel
(crosslinking)

Fig. 1. Radiation crosslinking o f CMC at paste-like condition

over cross-linking.

Application of crosslinked polysaccharide derivatives
Bedsore prevention mat filled up with CMC soft hydrogel crosslinked by irradiation

at paste-like condition was practical applied as a health care product [3]. Crosslinked
CMC is suitable for healthcare product such as surgical operation mats for the prevention
of bedsores. This CMC gel mat is considered to disperse the body pressure and to
maintain the best circulation of blood during operation. Hence, the crosslinked mat was
commercialized in Japan as "Non-bedsore". The waste of CMC gel can be converted
into a fertilizer by degradation of bacteria in soil, hence biodegradation is a big advantage
of this crosslinked hydrogel.
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In Japan, storage of excrement from
livestock such as cattle and pigs is prohibited
since November 2004 in order to prevent its
release into river and its penetration into
underground water. To follow this law, it is
desired to convert it immediately to organic
fertilizer by fermentation of excrement.
However, excrement from cattle contains water
up to 85 % to 90 %, so that it is difficult to
carry out fermentation smoothly. Thus,
present method mix saw dusts with excrement
in volume ratio 1.0 to 1.5 respectively, to
reduce water content to 65 - 70 % for
enhancing fermentation. The saw dusts form
space to enhance diffusion of oxygen (air) for
activation of bacteria to lead fermentation of
cattle excrement. Recently, price of saw dusts
increase with years, because of decreasing
involvement in wood industry in Japan. In
novel technology, biodegradable CMC dry gel
is used to reduce water content in cattle
excrement. According to Figure 4, (a) is dry
gel of CMC, (b) is cattle excrement including
water of 90 %. In the (c), addition of CMC
dry gel of 0.2 % for excrement can be reduce
to 1/7 in comparison with saw dusts treatment
in the present method. By combine treatment
of CMC gel and saw dusts (d), flowing of the
excrement is stopped, so that it can pile
mountain-shape. This excrement is fermented
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Fig. 2 Crosslinking of CMC
various concentrations
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Figure 3. Hydrogel mat to prevent
bedsore

smoothly by controlling of water content down to 70 % and keep temperature at 65 -
70 °C by fermentation heat. This temperature is favorable for killing bacillus,
salmonella, staphylococcus, cryptosporidium and protozoa. Biodegradable CMC gel
disappears by degradation of bacteria and water vaporization during fermentation. It is
concluded that CMC dry gel is effective as a material for reduction of water content in
fermentation of cattle excrement. This novel technology give following advantages; 1)
reduction of saw dusts, 2) small storage area for saw dusts, 3) decrease in heavy work, 4)
reduction of odor diffusion in environment.
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(a) CMC dry gel (b) Excrement and urine from cattle

(a)
Irradation PL
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(c).Mix with dry gel and excrement (d) Start of fermentation
/urine

Figure 4. Removal of water in excrement and urine by CMC dry gel for
fermentation.

Application of bioplastic modified by radiation crosslinking
Poly (lactic acid), PLA is

produced by condensation
polymerization of lactic acid
obtained from fermentation of
starch. The PLA is
biodegradable polymer, which
have properties of hardness and
high transparency. But, heat
resistance of PLA is not
relatively high and give
deformation above glass
temperature, 60 °C. Thus, it is
assumed that crosslinking
technology is effect to
overcome this disadvantage for
expanding utilization of PLA.
But PLA undergoes
predominantly degradation
under ionizing irradiation.

Expaubd

Figure 5 Shrinkable tube obtained from crosslinked PLA.

We found crosslinker of polyfunctional monomer,
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triallylisocyanurate (TAIC) to induce crossl inking reaction in PLA by irradiation. The
TAIC of 3 % (weight %) for PLA is the most effective for PLA crosslinking by irradiation
technique. The crosslinked PLA have heat resistance even over than 200 °C. From
this fact, crosslinked PLA is applied on heat-shrinkable tube and the result is shown in
Figure 5. Tube (a) is molded by extruder from PLA kneaded TAIC at 180 °C and the
tube is irradiated at 50 kGy. In the (b), irradiated tube is two times expanded at 200 °C
and fix at room temperature. After that, expanded tube shrink up to original size (a) by
re-heating. Uncrosslinked sample can not expand due to melt for over melting point
(160 °C). Photograph in Figure 5 shows expanded PLA (c) and it can bundle wire by
heat shrink (d). It is concluded that this shrinkable tube have several advantages such as
biodegradability, high heat resistance and transparency.

Application of hydrogel on wound dressing
The hydrogel wound

dressing cover on the wound
and the healing of it is
accelerated in moist
environment. The hydrogel
wound dressing is changed
every 2 or 3 days.
Essential properties for
dressing in most healings are
as follows; a) non-toxicity
and non-incentivity, b)
flexibility and stickiness to
the skin, c) resistance for
pulling, d) does not remain
on wound during peeling, e)

possibility of sterilization. Radiation can synthesize hydrogel without catalyst and
additive. Hydrogel is very soft and has sufficient strength for practical use. Radiation
can sterilize final product. Healing of poly (vinyl alcohol), PVA hydrogel dressing in
moist condition and gauze type dressing in dry condition are covered on wound formed
on backside of marmot are compared. It was found that the hydrogel dressing of moist
healing have several advantage such as faster healing, as shown in Figure 6 [4]. This
hydrogel was commercialized since July 2004.
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Commercial wound dressing During healing (scratch)

Advantages

1. Transparent
2. No pain when peeling
3. Do not remain on wound
4. Faster heal ing _ -

Figure 6. Hydrogel dressing obtained with EB
crossliking
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