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Effects of microwave heating and cleaning
designs on properties of PET plastic

ABSTRACT

Pet (Polyethylene Terephthalate), in general, is a thermoplastic material
with hydrophobic property. Although, the surfaces of the PET grains may
physically adsorb some moisture during storage; it is generally required to
remove water right before using for container fabrication. The purposes of
this work were to design microwave applicators to act as a heating chamber
for quickly drying PET grains and another chamber for plasma cleaning the
flexible PET plates to examine their effects on properties of grains and plates,
respectively.

The applicator for PET grains heating consists of a horizontally oriented
cylindrical chamber, a door with a view port on one side and a rotating frame
with blades in the chamber installed from another side of the chamber. The
rotating frame 1s for agitating ‘the PET grains during drying process. There
are 4 units of 2.45 GHz microwave sources installed from the top of the
chamber. The chamber is designed without using the microwave tuner to
minimize the cost. The length and radius of the cylindrical chamber are based
on the radius/length radio = 0.5 to obtain the maximum Q value and its
resonant wavelength of the cavity for 2.45 GHz close to 27 cm, which is
2A+M/4. Applicator for plasma cleaning of flexible PET plates consists of a
square-shape vacuum chamber, a square door with a view port, a rotating
Al-frame for fixing PET plates, one microwave power source and a pumping
system. In this system, a cylindrical resonance cavity with an adjustable
piston-like drum with the fence-wrapped sealing ring was used as a

microwave tuner to tune the maximum power output to the cleaning chamber,

il



where the power output was analyzed by a network analyzer.

For both chambers, to minimize the wave leakage from the sealing
ring of the door and to consider the convenient operation of door opening,
the sealing rings of the door and drum were wrapped with one to three layers
of grid metal fence. The number of fence layers is depend on the tightness of
the door lock, a looser door lock requires a greater number of fences. To
reduce the arcing at the rotating Al-frame during microwave heating, it was
pretreated to become an electrically insulating film on the frame by
aluminum surface positive electrode treatment. Teflon and Teflon-coated
stainless steel rotating flame are not suitable for these applications due to
weak mechanical support and weak Teflon-steel bonding, respectively. The
PET drying process was characterized by precision IR moisture analyzer and
SEM. The plasma cleaningprocess,for. flexible PET plates was characterized
by surface dyne tests andywater contact-angle measurements. From the
experimental results, the following,eenelusions can be drawn.

The times to dry the PET grains from 3700 to 200 ppm H,O are 0.5, 3, and 4
hrs by using microwave heating, vacuum hot air drying and dehumidifier
machine, respectively. In other words, this novel microwave drying machine
can dry the PET grains to 37 ppm H,O around 1.6 hrs. SEM examination
indicates that drying can make a rougher surface of the PET grains. In other
words, SEM may be able to evaluate water content in the PET grains.
Regarding the efficiency of oxygen-plasma cleaning for flexible PET plates,
this novel system can change the surface tension of the plate from 28~35 to
48~56 mN/m, and water contact angle from 90° to 10° for 150 sec treatment

time.
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