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Abstract :

Poly(lactic acid) (PLA) is one of biodegradable polymers that has been increasingly
used as disposable food packaging material due to the concerns in waste management of
non-degradable petroleum-based polymers. PLA can be produced from renewable resources
such as corns, casavas, and sugar canes. On the contrary, petroleum-base polymers are
based on non-renewable fossil resources. It is therefore obvious that PLA is a promising
polymeric material to replace petroleum-based polymers to alleviate environmental concerns.
However, the pending availability of PLA raises important question regarding its inherent
permeation property. It is known that PLA has high water vapor transmission rate (WVTR)
that many restrict their potential application in food packaging sector. Since the permeation of
water vapor through materials is related to surface properties, some form of surface

modification is needed to solve the problem.

Plasma polymerization is a single-step process to deposit thin films with high degree of
cross-linking and pinhole-free on various substrates. Hexametyldisiloxane (HMDSO : (CHs)-
Si-O-Si-(CH3); ) is one of the monomers being used to produce thin films via plasma
polymerization process. In this work we deposited HMDSO onto PLA substrates in oxygen
atmosphere and argon atmosphere using a RF plasma reactor. The films deposited in argon
contained polymeric structure in the form of SiO,C/H, and could significantly improve the
WVTR of PLA. The SiO,-like structure of HMDSO films was obtained when deposition was
carried out in oxygen. Mechanical mismatch between the film and the substrate resulted in

the film failure i.e. cracking and delamination. As a consequence, PLA lost its barrier



performance to water vapor substantially. Studies on the effect of the discharge power of the
reactor showed that rough surface with coarse texture was obtained when the deposition was
done in argon at high discharge powers. Smoother surface was obtained when oxygen was

used as a carrier gas.

The study on plasma polymerization process of HMDSO in O, was also carried out
using a multicusp plasma reactor. The plasma was generated by means of either pulsed
voltage of -3 kV with frequencies ranging from 100 to 500 Hz or a combined pulsed voltage
and radio frequency. The organosilicon films obtained from both processes had SiO,-like
structure as confirmed by the indicies of refraction which were in the range of that of silicon
oxide. The surface topography of the films were greatly affected by the polymerization
processes. Smoother films were obtained when only pulsed voltage was applied to generate
the plasma. The impact of energetic ions could induce annular structures in the film's

surface.
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