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Abstract

Polyolefins including polyethylene (PE) and polypropylene (PP) are the most widely used polymers.
However, their relatively low gas barrier property occasionally limits further applications of the polyolefins.
To solve the problem, diamond-like carbon (DLC) which possesses high gas barrier property, was deposited
on the polymer surfaces. However, DLC was easily peeled off due to the low adhesion strength between
DLC and the polyolefins. In this study, photografting polymerization was introduced to establish an
intermediate layer of acrylic acid (AA) between DLC and polymers in order to improve the adhesion
strength. The aims of the study are to improve the adhesive strength and, at the same time to enhance the gas
barrier properties of the polyolefins by photografting polymerization and DLC deposition.

Chapter 1 introduces the background of this study with the introduction of relevant previous studies.

Chapter 2 summarizes the grafting polymerization, the mechanism of adhesion, the gas permeation theory,
and the DLC deposition.

Chapter 3 explains the effects of AA-photografting polymerization on the adhesion between
DLC and polymers. It was found that the adhesion strength between DLC and polyolefins was
remarkably increased by introducing an AA-intermediate layer: the adhesion strength of AA-grafted
low density PE (LDPE), isotactic PP (iPP), and syndiotactic PP (sPP) were increased by 20, 170, and 101
times, respectively, as compared with that of each neat sample. Moreover, the adhesion strengths
between DLC and other widely-used polymeric materials, such as polystyrene (PS),
polymethylmethacrylate (PMMA), polyethyleneterephthalate (PET), polyurethane (PU), and
polydimethylsiloxane (PDMS), which, reportedly, have been difficult to directly deposit DLC,
were also found to be increased by 3.8, 5.0, 2.4, 4.3, and, 4.0 times, respectively, as compared
with that of neat polymeric material, by way of this new AA-photografting method onto
polymers before DLC coating.

Chapter 4 deals with the investigation of the effects of polymerization parameters, such as reaction time,
monomer concentration, and reaction temperature, on the mechanical properties of AA-grafted HDPE. From
the results of the tensile testing, it was found that the intermediate layer of AA had little effect on the tension
strength and the fracture strain, whereas the elastic modulus of the AA-grafted HDPE was slightly increased.

Chapter 5 explains the improvement of the gas barrier property of polyolefins by DLC deposition and
photografting polymerization. The oxygen barrier property of DLC-deposited and AA-grafted iPP was
considerably improved by approximately 10 times as compared with that of neat iPP. As for HDPE, the
oxygen barrier property was improved by nearly 6 times by DLC deposition and photografting
polymerization. This study showed that the gas barrier properties of iPP and HDPE were both significantly
improved by DLC deposition and photografting polymerization using AA monomers.

Chapter 6 summarizes the results of this study.




