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ABSTRACT In order to obtain a more ideal hydrogel wound dressing, PEO graft hydrogel
films formed by electron beam(EB) irradiation of the aqueous solutions of poly(ethylene oxide)
(PEO) incorporated with poly(vinyl alcohol) (PVA) at different ratio were prepared, and their
physioclienical properties were investigated as a function of production factors combination. The
experimental resnlts showed that gel fraction of the PEO graft hydrogel films depended mainly on
irradiation dose and concentration of the polymers. Their degree of swelling was intimately related
to irradiation dose, concentration, blending ratio and molecular weight of the polymers. Their
tensile strength and elongation at break were obviously dependent on irradiation dose and blending
ratio of the polymers. It is found that a new PEO E-30 graft hydrogel film of 20 wt% at a ratio of
7:3 has better physiochemical properties such as flexibility, moderate gel fraction, degree of swelling
and clongation at break, especially its higher tensile strength than other PEO graft hydrogel films
or purc PEO E-30 hydrogel filim. These results indicated that PVA can improve the mechanical
strength of the PEO E-30 hydrogel film through reducing the degree of swelling of the PEO E-30
hydrogel film after the irradiation graft.
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1 INTRODUCTION

A great deal of interest has centred upon polymer hydrogels because of their many excellent prop-
crties as biomedical materials sucli as biocompatibility, absorbability, permeability to water vapour
and oxygen aud controlled release of drugs incorporated in the hydrogels etc. The hydrogels are
non-toxic, non-carcinogenic and fully sterile.l! PEO hydrogels have proved very useful in the treat-
ment of scalds on children and partial burns?!. PVA hydrogels also are widely used as biomedical
materialst®>*5. However, one of the major problems in the application of these materials is their
relatively poor inechanical strength. The mechanical properties are highly dependent on the polymer
structure, especially the cross-linking density and the degree of swelling{1:],

If the hydrogel is not a homopolymer, then increasing the relative amount of physically stronger
components will lead to an increase in the mechanical strength of final product/®l. In our previous

study, it Las been found that 20 wt% PEQ E-30 hydrogel film has better mechanical properties as
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wound dressingl”). In order to further improve the mechanical properties of the PEO hydrogel fils. in
the present work, PEQ graft hydrogel films by EB irradiation of PEQ E-30 orR-150 aqueous solutious
incorporated with PVA at different ratio were prepared. Physiocheinical properties of the PEQ graft
hydrogel films such as gel fraction, degree of swelling, tensile strength and elongation at break were
investigated as a function of production factors combination e.g. radiation dose, concentration and

ratio of the polymers.
2 EXPERIMENTAL

2.1 Materials

PEO E-30 and R-150 were supplied by Ichimaru Pharcos Co. Ltd., Japan. Their molecular
weights were (3~ 5) x 10® and (1~ 1.7) x 10° respectively. PVA was produced by Kuraray Co. Ltd.
Japan. Mecthanol is analytical reagent, and water in this experiment is distilled water.
2.2 Preparation and measurement of the PEO graft hydrogel films

The concentration of the blends of PEQO E-30 or R-150 with PVA investigated was 10 wt% and
20 wt%. The ratio of PEO with PVA in the 10 wt% blends was 4:1 and 3:2, and that of both
polymers in the 20 wt% blends was 9:1, 4:1 and 7:3. The PVA coneentration investigated was 20
wt% as a contrast. The levels of EB irradiation dose were 20, 40, 60, 80 and 100 kGy. To obtain
the aqueous solutions of the polymers, the polymers were added to distilled water, then stirred and
heated to 121°C for 120 min in an autoclave. After obtaining completely homogeneous solutions they
were poured into Petri dishes at room temperaturc (25°C). The sample solutions was 2 mm thickness.
To yield crosslinking hydrogel films, the polymer solutions were irradiated using electron beams at
current of 2mA and an acceleration enegy of 0.8 MeV generated from a Cockroft Walton Electron
Beam Accelerator at a dose rate of 20kGy/pass and a temperature of 25 °C under forced cooling
with a fan. Then the chemical and mechanical properties of the PEO graft hydrogel films such as gel
fraction, degree of swelling, tensile strength and elongation at break were measured according to the

methods previously reported by Yang et all™.

3 RESULTS AND DISCUSSION

3.1 Radiation crosslinking of PEO R-150 and E-30 graft hydrogel films

Gel fraction of the PEO R-150 and E-30 graft hydrogel films formed by EB irradiation of PEO
R-150 or E-30 aqueous solutions incorporated with PVA at different ratio was given in Fig.1 and
Fig.2. It can be seen from Fig.1 that the gel fraction of the PEO R-150 graft hydrogel films increased
obviously with the increase of irradiation dose, while it decreased when concentration of PEQ R-150
blend increased from 10 wt% to 20 wt%. It can be secn from Fig.2 that the gel fraction of the PEO
E-30 graft hydrogel films mainly depended on irradiation dose. The degree of crosslinking of the PEO
E-30 and R-150 graft hydrogel films increased slightly with the increase of PVA content, but their gel
fraction was lower than that of pure PVA hydrogel film of 20 wt%.
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Fig.1 Gel fraction of the hydrogel films obtained by EB irradiation of aqueous solutions of blended PEQ
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Fig.2 Gel fraction of the hydrogel films obtained by EB irradiation of aqueous solutions of blended PEO
E-30/PVA

3.2 Swelling properties of both the PEO graft hydrogel films

The degree of swelling of both the PEO graft hydrogel films obtained by EB radiation of the
aqueous solutions of the blends of PEQ with PVA was shown in Fig.3 and Fig.4. It was seen that
the degree of swelling of the PEQ graft hydrogel films decreased obviously with the increase of PVA
content, while these degrees of swelling were higher than that of pure PVA hydrogel films. Effect of
irradiation dose, polymer concentration and molecular weights on the degree of swelling of the PEO
graft hydrogel films was similar to the pure PEQ hydrogel films. The water content of hydrogels can
be varied over a wide range with the radiation dose and the polymer concentration!®, It is interesting
to note that the degree of swelling of the PEQ E-30 graft hydrogel film of 20 wt% (E-30+PVA, 7:3)
is the lowest, while its gel fraction is the highest in the three PEO graft hydrogel films. The results
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indicate that the equilibrium water content of the gels depends on several parameters, among which
are the crosslink density and the nature and number of the hydrophilic sites in the macromolecular
matrix[4. The PVA can reduce the degree of swelling of the PEQO graft hydrogel films, thus increasing
the mechanical strength of the PEO graft hydrogel films(®].
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Fig.3 Swelling ratio of hydrogels obtained by EB irradiation of blended PEO R-150/PVA aqueous solutions
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Fig.4 Swelling ratio of the hydrogel film obtained by EB irradiation of aqueous solutions of blended PEO
E-30/PVA at different ratio

3.3 Tensile strength of the PEO E-30 graft hydrogel films

The PVA hydrogel films obtained by EB irradiation of its aqueous solutions possessed better
physical properties e.g. transparency and fews of bubbles, but it was poorer and fragile in mechanical
strength, so its tensile strength and elongation at break could not be measured. However, it can be
seen from Fig.5 that with the increase of PVA content in the blend solutions, the tensile strength of
the PEO graft E-30 hydrogel filins of 20 wt% increased obviously, thus the mechanical strength of the
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PEO E-30 graft hydrogel film of 20 wt% at ratio of 7:3 was the highest in the three PEO E-30 hydrogel
films. The mechanical strength of the graft hydrogel film of 20 wt% (E-30+PVA,9:1) was higher than
that of 20 wt% (E-30+PVA, 4:1). It may be related to the influence of PEQ E-30 concentration on
the tensile strength. As has been demonstrated in previous studyl”, the tensile strength of PEO E-30
hydrogel films increased dramatically with the increase of the polymer concentration. Thus, it was not
obvious for the increasing effect of PVA on the tensile strength of the PEQ E-30 hydrogel films under
both the ratio of PVA incorporation. It also can be seen that with the increase of the irradiation dose,
the tensile strength of the PEO E-30 graft hydrogel film of 20wt% at a ratio of 7:3 decreased slowly,
but it was obviously higher than that of the pure PEO E-30 hydrogel film of 20 wt%, when compared
with our previous study(”). The results indicated that PVA has an increasing effect on the mechanical
strength of the PEO E-30 graft hydrogel film of 20wt%. Maybe it is due to PVA incorporated reduced
the degree of swelling of the PEO E-30 graft hydrogel films thus increasing their tensile strength. The
tensile strength and elongation at break of the PEO R-150 graft hydrogel films of 20wt% at any ratio
was too weak to be measured. These results show that the PEO E-30 graft hydrogel film of 20wt%

at ratio of 7:3 is a very ideal biomedical material as a wound dressing, especially at irradiation dose
of 40kGy.
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Fig.5 Tensile strength of the hydrogel films Fig.6 Elongation of the hydrogel films obtained by
obtained by EB irradiation of aqueous solutions EB irradiation of aqueous solutions of blended PEO
of blended PEO E-30/PVA at different ratio E-30/PVA at different ratio

3.4 Elongation at break of the PEO E-30 graft hydrogel films
The elongation at break of the PEO E-30 graft hydrogel films was shown in Fig.6. It was seen that
the increase of the irradiation dose produced a negative effect on the elongation at break. Although

the elongation at break of the PEO E-30 graft hydrogel film at a ratio of 7:3 was lower, it was enough
as a wound dressing.

4 CONCLUSIONS

This paper reported the influences of the experimental factors (radiation dose, concentration and

blending ratio of polymers) on the measured chemical and mechanical properties (gel fraction, degree
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of swelling, tensile strength and elongation at break) of the PEO hydrogel films grafted PVA. The
radiation dose increase has a positive effect on the degree of crosslinking, and a negative effect on the
degree of swelling, the tensile strength and elongation at break of the PEQO graft hydrogel films. The
polymer concentration increase has a negative effect on the degree of crosslinking and a positive effect
on the degree of swelling. The increase of ratio of PVA incorporated has a positive effect on the gel
fraction and the tensile strength and a negative effect on the degree of swelling. PVA can improve the
mechanical strength of the PEQ E-20 hydrogel films through reducing the degree of swelling of the
PEO E-30 hydrogel films after radiation graft. The results indicate that the PEO E-30 graft hydrogel
film of 20wt% at a ratio of 7:3 possesses better physiochemical properties such as more moderate gel
fraction, swelling ratio and elongation at break, especially its higher tensile strength at irradiation
dose of 40kGy as a wound dressing.
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